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INTRODUCTION 

The  first  record  of  injury  to  cultivated  plants  due  to  the  depreda- 
tions of  the  larvae  and  adults  of  Brachyrhinus  sulcatus  was  made  in 
Germany  in  1834  {4>  P-  201.)  ^  Since  that  time  the  weevil  has  been 
recorded  with  increasing  frequency  as  causing  injury  to  economic 
plants  not  only  in  continental  Europe,  England,  and  Ireland,  but 
also  in  the  United  States,  Canada,  and  Australia.  Riley  (40),  in 
1871,  recorded  the  first  economic  damage  in  North  America.  A 
rather  extensive  list  of  plants  has  now  been  reported  as  being  attacked 
in  the  field  and  in  greenhouses. 

Life-b'story  studies  of  B.  sulcatus  under  field  conditions  have  been 
made  in  Europe  (15,  51),  and  also  in  a  general  w^ay  in  the  United 
States.  Its  life  history  in  the  greenhouse,  however,  has  received  no 
previous  detailed  study  so  far  as  available  publications  indicate,  except 
a  prehminary  report  in  1927  (44)  and  another  in  1930  (45)  by  the 
present  author. 

Infestations  in  the  nurseries  and  greenhouses  near  Philadelphia, 
Pa.,  offered  an  opportunity  for  a  study  of  the  species  which  was  taken 

1  BTachyrhinus  sulcatus  Fab.,  order  Coleoptera,  family  Curculionidae. 

2  The  author  is  indebted  to  C.  H.  Hadley,  T.  L.  Guyton,  C.  A.  Weigel,  and  Herbert  Osborn  for  direction 
and  counsel  during  the  course  of  the  work  herein  reported.  H.  J.  Fisher  assisted  in  the  laboratory  studies. 
Dorothy  K.  Smith  assisted  in  the  experimental  work  and  in  the  preparation  of  the  manuscript.  The 
early  part  of  the  laboratory  work  was  done  in  a  laboratory  at  Willow  Grove,  Pa.,  maintained  by  the  Bureau 
of  Entomology  in  cooperation  with  the  Bureau  of  Plant  Industry  of  Pennsylvania. 

3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  42. 
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up  as  a  project  of  the  Pennsylvania  Bureau  of  Plant  Industry  at  its 
"Willow  Grove  laboratory  in  collaboration  with  the  Bureau  of  Ento- 
mology, of  the  United  States  Department  of  Agriculture.  From 
October,  1925,  until  the  spring  of  1929  the  life  history  of  the  species 
was  followed  both  in  the  nursery  and  in  the  greenhouse,  and  methods 
of  control  in  both  were  investigated.  The  morphology  of  the  larva 
and  adult  has  been  w^orked  out,  but  the  data  covering  this  phase  of 
the  investigation  are  reserved  for  a  separate  publication. 

ECONOMIC  IMPORTANCE 

The  black  vine  weevil  was  recognized  as  an  economic  pest  of  green- 
house plants  in  Germany  as  early  as  1834  (4). 

In  England  Westwood  (55)  in  1837  described  the  injury  to  Sedums 
and  other  plants  in  greenhouses;  in  1875  Bolton  (5)  first  recorded 
injury  to  grapes;  and  in  1881  Ormerod  (57,  j).  361)  found  that  tb's 
weevil  injured  strawberries  and  raspberries. 

Although  Harris  {£5,  p.  4^)  recorded  this  insect  under  the  name 
Curculio  apiculatus  as  occurring  in  Massachusetts  as  early  as  1835, 
Riley  (40),  in  1871,  was  the  first  to  mention  the  species  as  being 
injurious  in  North  America.  In  1890  Hagen  (24)  described  a  rather 
severe  infestation  in  greenhouse  cyclamens,  and  since  that  time  many 
notes  on  the  occurrence  of  injury  to  various  greenhouse  and  outdoor- 
grown  plants,  both  in  North  America  and  in  Europe,  have  been 
published. 

In  many  private  greenhouses  and  conservatories  in  Pennsylvania, 
in  each  of  which  from  200  to  300  plants,  principally  cyclamen,  are 
grown,  the  writer  has  observed  from  1  to  70  plants  to  have  been 
destroyed  by  the  larvae.  In  commercial  greenhouses  the  losses  are 
greater. 

The  relation  between  cultural  practices  and  recurring  amiual  infes- 
tations are  brought  out  by  the  following  examples:  (1)  A  florist  at 
Norristown,  Pa.,  experienced  his  fii-st  loss  of  cyclamens  in  1923,  and 
the  injury  almost  doubled  each  year  until  the  fall  of  1927,  when  about 
one-third  of  his  crop  of  3,000  plants  was  destroj^ed;  a  florist  in  Scran- 
ton,  Pa.,  has  lost  200  cyclamens  each  3^ear  since  1924  from  an  annual 
crop  of  1,000  plants.  At  both  places  few  food  plants  of  B.  sulcatus 
were  present  outdoors,  but  each  year  the  soil  from  the  injured  cycla- 
mens was  dumped  on  the  compost  pile  located  near  the  greenhouses. 
Here  the  larvae  developed  to  adults,  the  latter  returning  to  the  green- 
houses to  renew  the  infestations.  (2)  For  about  eight  years  a  florist 
near  Philadelphia  experienced  an  annual  loss  of  from  150  to  200  out 
of  about  1,000  cyclamens.  Adjoining  his  greenhouses  is  an  old 
cemetery  in  which  are  growing  yews  and  rhododendrons,  and  a  num- 
ber of  weed  host  plants.  Apparently  the  adults  entered  the  green- 
house each  summer  to  oviposit  after  having  developed  outside. 
(3)  Another  florist  in  the  same  vicinity  has  lost  from  75  to  300 
cyclamen  plants  annually  for  the  last  15  years.  Here  selected  plants 
from  the  main  crops  are  retained  for  seed  production,  and  young 
seedlings  for  the  next  crop  are  grown  in  the  same  house.  In  two 
different  years  larvae,  the  o(rs])ring  of  adults  from  seed  plants,  liave 
killed  a  nujnber  of  the  young  plants  during  the  summer.  This  damage 
has  not  been  counted  in  the  above-mentioned  losses  of  the  crop  in 
the  fall. 
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Probably  the  greatest  losses  have  occurred  on  the  island  of  Oleron 
off  the  west  coast  of  France  (15).  This  infestation  increased  fjom  an 
area  involving  a  few  grapevines  in  1909  to  cover  150  acres  and  involve 
injury  to  300,000  vines  in  1914.  The  adults  caused  the  most  concern 
because  of  their  feeding  upon  the  buds,  foliage,  and  young  fruit  and 
their  girdhng  of  the  shoots.  More  serious  injury,  though  less  evident, 
was  that  of  the  larvae  in  girdhng  the  roots.  Vines  so  attacked  lost 
vitality  and  died  within  a  few  years.  Feytaud  {16)  also  mentioned 
other  less  serious  infestations  on  grapes  in  Germany,  Switzerland, 
Italy,  and  Belgium.  Thiem  {51,  p.  390)  described  the  destruction  in 
Germany  in  1920  of  4,000  young  grafted  grapevines  which  was  caused 
by  the  larvae  girdling  the  roots. 

Britton  (5,  p.  230)  recorded  considerable  losses  of  yews  in  Connecti- 
cut, and  Weiss  {54)  mentioned  damage  to  yew  and  rhododendron  in  a 
New  Jeisey  nursery.  In  1926  the  writer  observed  damage  amounting 
to  about  $500  to  j^ews  at  tlie  same  nursery.  In  Pennsylvania  the 
black  vine  weevil  has  been  well  distributed  on  host  plants  in  nurseries. 
In  only  one  nursery,  however,  located  near  Philadelphia,  has  serious 
damage  been  observed,  and  there  the  foliage  of  yew,  rhododendron, 
azalea,  and  euonymus  was  rather  badly  eaten  by  the  adults.  Roots  of 
yews  were  injured  by  the  feeding  of  the  larvae.  Yews  and  azaleas  have 
also  been  damaged  in  certain  California  nurseries. 

Strawberries  have  been  frequently  mentioned  as  being  seriously 
injured  by  Brachyrhinus  sulcatus,  but  Treherne  {52)  indicates  that, 
although  probably  present  in  almost  every  strawberry-growing  dis- 
trict, it  does  no  serious  harm.  He  believes  that  at  least  some  of  the 
previous  reports  have  referred  to  B.  ovatus  which  often  seriously 
injures  strawberries.  Experiments  at  Willow  Grove,  Pa.,  with  various 
hosts  tend  to  bear  out  this  point.  Adults  of  B.  sulcatus,  when  given 
a  choice,  fed  almost  entirely  on  primroses  {Primula  spp.),  cyclamens, 
or  dock  {Rumex  spp.)  and  very  little  on  strawberry,  and  when  conhned 
on  strawberry  deposited  fewer  eggs  than  others  caged  on  more  favored 
hosts.  The  larvae,  also,  avoided  the  strawberry  roots  when  those  of 
other  named  plants  were  available,  but  when  they  were  forced  to  feed 
on  strawberry  roots,  their  development  was  retarded,  their  mortality 
increased,  and  their  bodies  took  on  a  reddish  tinge.  There  was  less 
accumulation  of  fat  in  larvae  reared  on  strawberry  than  in  those 
reared  on  primroses,  cyclamens,  dock,  or  yew. 

Infestations  occurring  in  greenhouses  are  more  regular  in  their 
appearance  each  year  and  in  the  amount  of  damage  caused  than  those 
under  outdoor  conditions.  In  the  nurseries  under  observation  infesta- 
tions decreased  in  years  following  seasons  of  heavy  rains  during  July 
and  August  and  increased  following  years  when  there  was  less  i-ain 
during  these  months.  The  greatest  losses,  both  in  North  America 
and  in  Europe,  have  been  to  crops  growing  in  loose  types  of  soil. 

From  the  foregoing  it  is  evident  that  B.  sulcatus,  while  rather 
sporadic  in  its  occurrence,  has  caused  very  severe  damage  in  several 
countries.  The  injury  caused  by  it,  while  important  to  individual 
nurserymen  and  florists,  probably  does  not  greatly  affect  the  total 
crop  of  any  of  its  nosts.  It  is  generally  considered  that  the  damage 
done  by  this  wee\dl  to  cyclamens  under  glass  is  exceeded  only  by  that 
of  the  cyclamen  mite  {Tarsonemus  pallidus  Banks). 
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DISTRIBUTION 

Bnichyrhinus  sulcatus  has  been  recorded  from  the  following  coun- 
tries: Russia,  Norway,  Sweden,  the  Netherlands,  Belgium,  Germany, 
Austria,  Switzerland,  Ital}^  (State  of  Tyrol  and  island  of  Sicily), 
France  (hicluding  the  island  of  Oleron,  located  northwest  of  Bordeaux 
on  the  west  coast),  England,  Scotland,  Ireland,  Australia,  Tasmania, 
and  New  Zealand.  In  the  United  States  the  insect  has  been  recorded 
from  the  following  States:  Maine,  Massachusetts,  Connecticut,  New 
York,  Pennsylvania,  New  Jersey,  Illinois,  Missouri,  California,  Ore- 
gon, and  Washington.  Infestations  have  also  been  recorded  from 
Newfoundland,  Cape  Breton  Island,  Nova  Scotia,  Quebec,  Ontario, 
British  Columbia,  and  Victoria  Island. 

Britton  (o),  among  others,  speaks  of  B.  sulcatus  as  being  of  European 
origin.  Frequent  interceptions  of  this  insect  have  been  made  in 
shipments  of  imported  plants.  Leconte  and  Horn  {31,  p.  60)  stated 
that  this  was  a  European  species  which  became  distributed  over  the 
western  continent  naturally  instead  of  by  commerce.  Schwarz  {43) 
considered  B.  sulcatus  as  belonging  to  the  circumpolar  fauna  and  not 
as  an  imported  species. 

HOST  PLANTS 

The  following  list  of  host  plants  of  Brachyrhinus  sulcatus  includes 
52  previously  reported  in  literature  and  25  (indicated  by  a)  found  as 
new  hosts  in  the  present  studies.  The  feeding  of  the  adults  was  con- 
firmed Dy  the  writer  in  these  studies  on  the  plants  prefixed  with  b, 
and  on  those  prefixed  with  c  the  larval  feeding  was  confu'med.  In 
general.  Standardized  Plant  Names  {1)  and  Gray's  Manual  of  Botany 
{23)  were  followed  in  the  nomenclature,  with  revisions  by  the  Bureau 
of  Plant  Industry,  United  States  Department  of  Agriculture. 

b,  c.  Adiantum  cuneatum  (delta  maidenhair) . 
h,  c.  Adiantum  tenerum  (fan  maidenhair). 

Ampelopsis  sp. 
6.       Amygdaius  persica  (peach). 
b.       Asparagus  plumosus  (fern  asparagus). 
b.       Astilbe  rosea  (rose  astilbe) . 

Atriplex  horlensis  (garden  orach) . 
Azalea  spp.* 
a,  b,  c.  Azalea  amoena  (amoena  azalea). 
a,  b,  c.  Azalea  hinodegiri  (Hinodegiri  azalea). 
a,  b,  c.  Azalea  indica  hybrids  (indica  azalea). 
b,  c.  Begonia  spp.  (begonia) . 
Beta  vulgaris  (beet). 
Beta  vulgaris  (mangel  wurzel). 
a,  b,  c.   Callistemma  chinensis  (China-aster). 

Camellia  japonica  (camellia).     (Reported  by   D.  C.   Mote  in  corre- 

sjiondence). 
Caltleya  sp.  (orchid) . 
Cheiranthus  cheiri  (wallflower). 
Citrus  limonia  (lemon). 
b,  c.   Convallaria  majalis  (lily-of-the-vallcy). 
b,  c.   Cyclamen  indicum,  variety  (C  giganiiutn)  (cyclamen). 
Dracaena  sp. 
a,  b,  c.   Euonymus  atnericanus  (brook  ciionymus). 
a,  b,  c.   Euonymus  bungcanus  (winterl)erry  euonymus). 

•  In  many  previous  reports  of  host  plants  in  literature  only  the  common  names  were  given.  In  the 
present  studios  the  attompt  has  been  inmlo  to  identify  them  by  species.  Therefore  the  number  previously 
repjrte  1  can  not  bo  oluarly  distinguished  from  the  species  ho-e  given. 
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a,  b.  c.  Fagelia,  hort.  variety  {Calceolaria  veilchii)  (Veitch  calceolaria).. 

Fragaria  spp.  (strawberries) . 
h,  c.   Fragaria  sp.  (varieties  Joe  and  Chesapeake). 

Grossularia  sp.  (gooseberry). 
h.       Howea  belmoreana  (Belmore  palm).^ 
b.       Howea  forstcriana  (Forster  palm), 

Humulus  litpulus  (hop), 

Hydrangea  sp. 
a,  b,  c.   Hydrangea  opuloides  (hydrangea). 
a,  b,  c.  Impatiens  sultani  (sultan  snapweed). 
a,  b,  c.  Isoloma  bogotense  (isoloma). 

b,  c.   Kalmia  latifolia  (mountain-laurel). 

Kraunhia  floribunda  (Wisteria  floribunda)  (wisteria) . 
a,  b,  c.  Leoniodon  officinale  {Taxaracum  officinale)   (dandelion). 

Lewisia  spp. 
b.       Malus  sylvestris  (apple). 

Nephrolepis  exaltata  bosioniensis  (Boston  fern).'' 
fl,  b,  c.   Nephrolepis,  varieties  Scott  and  Verona. 
a,  b,  c.  Oxalis  acetosella  (woodsorrel). 
a,  b,  c.  Oxalis  enneaphylla  rosea  (rosy  nineleaf  oxalis) . 

Oxycoccos  macrocarpus  (cranberry). 

Pelargonium  spp.  (geranium). 

Phaseolus  vulgaris  (bean). 

PhyllHis  scolopendrium  (hartstongue) . 

Pisum  sativum  (pea). 

Plantago  major  (rippleseed  plantain). 

Plantago  lanceolata  (buckhorn  plantain). 

Polystichum  acrostichoides  (Christmas  fern). 

Potentilla  canadensis  (common  cinquefoil). 

Primula  malacoides  (fairy  primrose). 

Primula  obconica,  variety  (rosy  top  primrose) . 

Primula  praenitens  (P.  sinensis)  (Chinese  primrose) . 

Prunus  sp.  (plum) . 

Rheum  rhaponticum  (rhubarb). 

Rhododendron  spp.  (rhododendrons)  .■* 

Rhododendron  catawbiense  (Catawba  rhododendron) . 

Rhododendron  hybrids. 

Rhododendron  maximum  (rosebay  rhododendron). 

Ribes  spp.  (currant). 

Rochea  (Crassula)  coccinea  (scarlet  rochea). 

Rubus  allegheniensis  (blackberry). 

Rubus  idaeus  (European  raspberry) .'' 

Rubus  strigosus  (red  raspberry). 

Rubus  occidentalis  variety  Cumberland  (common  black  cap) - 

Rumex  acetosella  (sheep  sorrel). 

Rumex  crispus  (curly  dock). 

Rumex  obtusifolius  (bitter  dock). 

Saxifraga  burseriana  and  var.  (saxifrages). 

Sedum  acre  (goldmoss).  • 

Senecio  cruentus  hybrids  (cineraria). 

Sinningia  speciosa  (gloxinia) . 

Taxus  cuspidata  and  varieties  (yew.) 

Thuja  occidentalis  ericoides  (heath  retinispora). 

Thuja  orientalis  pyramidalis  (arborvitae) 

Tradescantia  fluminensis  (wandering-jew) . 

Trollius  sp. 

Tsuga  canadensis  (hemlock). 
a,  b.       Viburnum  dentatum  (arrowwood). 

Viburnum  prunifolium  (blackhaw). 

Vitis  vinifera  varieties  (European  grape,  varieties). 
a,  b,  c.  Zantedeschia  aethiopica  (calla) . 
a,  b,  c.  Zantedeschia  elliottiana  (golden  calla) . 

Zea  mays  (corn). 

*  In  many  previous  reports  of  host  plants  in  literature  only  the  conimcn  names  were  given.  In  the 
present  studies  the  attempt  has  been  made  to  identify  them  by  species.  Thciefore  the  number  previously 
reported  can  not  be  clearly  distinguished  from  the  species  here  given. 


a, 

b, 

c. 

a, 

b, 

c. 

a, 

b, 

c. 

a, 

b, 

c. 

b, 

c. 

b, 

c. 

b, 

c. 

a, 

b, 

c. 

b, 

c. 

b, 

c. 

b, 

c. 

0. 

b, 

c. 

b, 

c. 

b. 

b. 

b. 

a, 

b, 

c. 

a, 

b, 

c. 

a, 

b, 

c. 

b, 

c. 

b. 

b, 

c. 

b. 

b, 

c. 

6  TECHNICAL  BULLETIN  325,  U.  S.  DEPT.  OF  AGRICULTURE 

This  extensive  host  Hst  of  B.  sulcaius  suggests  the  possibihty  that 
many  additional  plants  might  be  favorable  hosts. 

Fletcher  {17,  p.  2/^2)  among  others  has  suggested  that  Brachyrhinus 
sulcatus  was  primarily  a  grass-feeding  species.  To  test  this  possi- 
bility, larvae  were  put  in  pots  of  quackgrass  (Agt^opyron  repens), 
Kentucky  bluegrass  (Poa  pratensis),  and  orchard  grass  {Daciylis 
glomerata).  They  fed  to  a  slight  extent  upon  the  tips  of  the  under- 
ground stems  of  quackgrass  and  Kentucky  bluegrass,  which  were 
softer  and  more  succulent  than  the  root  parts,  and  in  a  similar  way  on 
the  tender  shoots  of  orchard  grass  before  these  emerged  from  the  soil. 
Buckhorn  plantain  (Planiago  lanceolata)  and  yarrow  {Achillea  mille- 
folium) were  fed  upon  to  some  extent  about  the  crown.  On  red 
clover  {Trifolium  praiense)  the  nodules  and  softer  cortex  on  the  roots 
and  crown  v\ere  eaten  to  a  moderate  extent.  No  feeding  was  observed 
on  alsike  clover  {T.  hybridum) ,  3^ellow  biennial  sweetclover  {Melilotus 
officinalis) ,  or  alfalfa  {Medicago  saliva). 

From  these  tests  it  is  concluded  that  since  no  larvae  could  be  reared 
to  maturity  on  an}^  of  these  hosts,  none  of  them  are  of  importance  as 
hosts  of  the  black  vine  weevil.  Such  plants,  however,  as  dandelion, 
rippleseed  plantain,  and  sorrel  and  dock  {Rumex  spp.)  generally  grow- 
in  grasslands  and  could  readily  supply  food  for  the  weevils  found  in 
such  situations. 

Although  palms  and  geraniums  have  been  recorded  as  host  plants, 
the  tests  made  by  the  writer  with  the  Belmore  palm,  Forster  palm, 
geraniums,  and  pelargoniums  seemed  to  indicate  that  they  were  not 
favored  hosts.  When  forced  by  hunger  the  adults  fed  slightly  on  the 
foliage  and,  although  the  larvae  fed  slightly  on  the  roots,  all  died 
within  three  or  four  weeks,  and  none  was  reared  to  maturity  when 
they  were  placed  in  pots  containing  these  plants. 

SYNONYMY 

Fabricius  {11,  p.  485),  in  1792,  described  the  weevil  Curculio  sulcatus 
as  follows:  " Brevirostris  femoribus  dentatis  ater  elytris  striatus  fer- 
rugineo  maculatis."  The  type  locality  was  given  as  Saxony.  In 
1804  Latreille  {28,  p.  157)  erected  the  genus  Brachyrhinus  and  placed 
sulcatus  in  it.  In  1824  Germar  {19)  erected  the  genus  Otiorhynchus, 
giving  characters  similar  to  those  used  by  Latreille  and  placed  many 
of  the  same  species  in  it.  It  appears  that  Germar  was  unaware  of 
Latreille 's  work.  Schoenherr  {42,  v.  2,  pt.  1,  p.  620),  in  his  mono- 
graph of  Curculionidae,  listed  previous  literature  but  omitted  the  work 
of  Latreille.  Later,  in  1843,  Schoenherr  {42,  v.  7,  pt.  1,  p.  371)  placed 
Latreille's  Brachyrhinus  in  synonymy  imder  Otiorhynchus  of  Germar. 
Nearly  all  of  the  European  publications  appearing  since  that  time 
have  used  the  generic  term  Otiorhynchus,  and  most  American  authors 
did  likewise  until  Leng  {32,  p.  314)  corrected  the  error  by  placing 
Otiorhynchus  as  a  synonym  of  Brachyrhinus. 

In  the  present  paper  Brachyrhinus  is  used  uniformly  for  each 
species  mentioned,  whether  the  author  cited  had  used  Otiorhynchus 
or  Brachyrhinus  as  the  generic  name. 
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HABITS  AND  DESCRIPTIONS  OF  STAGES 


THE  EGG 

The  egg,  which  is  generally  subspherical,  ranges  in  length  from 
0.65  to  0.80  mm  on  the  long  axis  and  from  0.65  to  0.70  mm  on  the 
short  axis.  When  first  laid,  the  egg  is  a  uniformly  glistening,  pearly 
white,  and  its  smooth,  imsculptured  surface  reflects  light  as  a  mirror. 
The  shell  is  resilient  and  rather  tough,  and  the  side  of  the  egg  may  be 
pressed  in  without  rupturing  it.  When  the  egg  is  forced  into  a  crevice 
by  the  ovipositing  female  it  becomes  flattened  or  wedge  shaped,  but 
this  does  not  interfere  with  the  hatching. 

In  from  1  to  3  days,  depending  upon  the  temperature,  the  egg 
changes  during  a  period  of  about  12  hours  through  a  grayish  yellow 
to  a  chestnut  brown,  the  color  being  uniform  throughout,  and  the  egg 
and  shell  becoming  more  rigid.  In  from  8  to  10  days  about  one-fourth 
of    the    egg    becomes 
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Figure  1.— Hatching  of  Brachyrhinus  sidcatus  at  Willow  Grove,  Pa. 
Lot  A,  317  eggs,  at  soil  temperature  of  78°-82°  F.,  greenhouse, 
August,  1928;  lot  B,  140  eggs,  at  soil  temperature  of  58°-68°,  green- 
house, May,  1926;  lot  C,  838  eggs,  at  soil  temperature  of  59°-64°, 
outdoors,  September,  1928;  lot  D,  126  eggs,  at  soil  temperature  of 
57°-62°,  greenhouse,  February,  1928 


still  darker,  and  in 
this  area  the  head  of 
the  larva  develops. 
The  mandibles,  and 
then  the  head  sclerites 
and  labrum,  take  form 
and  color  and  may  be 
distinguished  about  3 
days  before  hatching. 

In  the  process  of 
hatching  the  mandi- 
bles open  and  close 
rhythmically  and  the 
shell  is  cut  or  torn 
about  one-third  of  the  way  around  the  side.  The  mandibles,  followed 
by  the  remainder  of  the  head,  are  forced  tlirough  the  opening,  and  the 
body  is  then  drawn  out  of  the  shell.  After  the  emergence  of  the  larva 
the  shell  collapses  somewhat,  appears  chitinous,  and  is  dark  brown. 

The  darkening  of  the  egg  shortly  after  it  is  laid  is  probably  due  to 
color  changes  in  the  shell  rather  than  in  the  interior.  A  few  eggs 
from  nearly  every  observed  lot  failed  to  darken,  but  became  grayish 
and  decomposed  after  from  15  to  20  days.  The  percentage  of  eggs 
failing  to  develop  was  much  larger  at  lower  temperatures.  In  the 
nursery  92  per  cent  of  the  eggs  observed  during  July  and  August 
hatched.  Figure  1  indicates  the  variations  in  the  length  of  the 
incubation  period,  which  ranged  from  11  to  22  days,  in  the  greenhouse 
and  nursery  during  different  seasons  of  the  year. 

THE   LARVA 

The  width  of  the  head  capsule  of  the  various  larval  instars  is  indi- 
cated in  Table  1.  The  head  of  the  newly  hatched  larva  is  chestnut 
brown,  and  the  rather  prominent  mandibles  are  darker  brown.  The 
body  is  pinkish  white  and  sufficiently  transparent  to  show  the  stomach 
through  the  wall.  The  body  is  covered  with  small  hairs,  as  is  that  of 
the  mature  larva. 
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Table  1. — Measurements  in  each  instar  of  width  of  head  capsules  of  reared  larvae  of 
Brachyrhinus  sulcatus,  Willow  Grove,  Pa.,  1928 


Instar 

Group  A,  9  larvae  with  7  instars 

Group  B,  19  larvae  with  6  instars 

Mode 

Maximum 

Minimum 

Mode 

Maximum 

Minimum 

First 

Mm 

0.318 
.403 
.551 

(') 

(') 

1.27 

1.48 

Mm 
0.318 
.445 
.615 
.805 
1.06 
1.27 
1.44 

Mm 
0.318 
..381 
.551 
.636 
.848 
1.06 
1.64 

Mm 
0.318 
.403 
.615 

1.06 
1.5 

Mm 

0.318 
.445 
.636 
.89 

1.06 

1.5 

Mm 
0. 318 

Second                                     .        .  - 

.403 

Third 

.55 

Fourth 

.678 

Fifth 

.91 

Sixth 

1.31 

Seventh 

1  The  mode  is  given  only  when  more  than  half  of  the  larvae  in  the  group  have  the  same  width  of  head 
capsule. 

The  young  larva  crawls  about  actively.  Its  body  is  not  curved 
It  attempts  to  enter  the  soil  at  once,  but  if  the  surface  is  hard  or 
packed  it  will  fail  in  this,  and  in  such  a  case  death  occurs  in  a  few 
hours.  Even  firmly  pressed  sand  seems  to  be  penetrated  with  diffi- 
culty, and  clay  or  loam  unless  covered  with  mulch  or  in  a  loose,  well- 
cultivated  condition,  seems  to  be  almost  impenetrable.  The  hardness 
of  the  soil  seems  to  be  a  controlling  factor  in  the  degree  of  infestation, 
the  more  severe  infestations  occurring  in  the  lighter  types  of  soil. 
This  bears  out  the  observations  of  Downes  {10)  on  injur}^  by  Brachy- 
rhinus oratus  to  strawberries  in  British  Columbia.  Injury  b}^  B. 
sulcatus  to  yews  in  Connecticut  (as  described  by  W.  E.  Britton  in 
correspondence  with  the  author)  and  to  grape  in  France  {15)  seem 
related  also  to  the  type  of  soil.  In  potted  plants  entrance  into  the 
soil  is  generally  made  either  at  the  edge  of  the  pot  or  between  the 
roots  at  the  base  of  the  plant. 

Thiem  {51)  stated  that  the  larvae  can  subsist  on  manure  or  on 
decaying  vegetable  matter  and  probably  are  transported  in  this 
material.  Feytaud  {15)  believed  that  for  the  first  few  weeks  the 
larvae  developed  on  organic  matter  in  the  upper  soil  layers  until  the 
grape  roots  were  reached  farther  down.  In  the  various  tests  the 
writer  found  that  few  larvae  were  able  to  develop  to  the  second  instar 
in  potting  soil  devoid  of  all  living  plant  roots  but  containing  leaf  mold 
and  well-rotted  cow  manure.  In  two  tests  only  3  larvae  out  of  100 
reached  the  second  instar;  these  then  died.  A^Tien  rootlets  of  food 
plants  were  present,  however,  the  larvae  attacked  these,  and  as  many 
as  SO  per  cent  of  the  larvae  matured. 

In  several  tests  in  the  laboratory  dried  stems  which  had  become 
moistened  by  contact  with  the  soil,  or  green  foliage  and  stems  of  host 
plants,  have  served  as  food  for  larvae  in  all  instars. 

As  the  larva  increases  in  size  in  each  instar  the  body  becomes 
curved  by  the  thickening  of  the  thoracic  segments,  and  the  head 
appears  small  in  proportion  to  the  remainder  of  the  bod3^  When 
ready  to  molt,  the  hirva  stops  feeding  and  forms  a  cell,  preferably  in 
a  piece  of  heavier  chiy  or  hard  ])i(>ce  of  dung,  which  may  be  present  in 
the  soil.  The  interior  of  the  cell  is  smooth-walled,  and  apparently  the 
larva  uses  the  contents  of  the  alimentary  tract  to  make  it  so.  P]vi- 
dence  of  this  trait  is  further  indicated  by  the  fact  that  larvae  handled 
at  cell-forming  time  will  eject  watery  fecal  matter,  and  this  has  not 
been  observed  with  larvae  at  other  stages  of  growth. 
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After  a  quiescent  period  of  from  one  to  three  days  or  longer  in  the 
cell  the  head  capsule  and  thoracic  segments  split  along  the  median 
dorsal  line.  The  head  of  the  larva  is  then  pushed  through  the  open- 
ing, and  the  old  skin  is  gradually  worked  off  backward  by  frequent 
alternating  waves  of  expansion  and  contraction  of  the  body  progres- 
sing forward  from  the  posterior  end.  The  old  skin  is  afterward  found 
in  a  much-wrinkled  condition  at  the  bottom  of  the  cell.  It  was  ob- 
served that  the  entire  process  of  molting  required  55  minutes  in  one 
individual  at  the  fifth  molt  and  about  two  and  one-half  hours  in 
another  larva  at  the  third  molt.  At  first  the  head  of  the  freshly 
molted  larva  is  milky 
white,  only  the  tips  of 
the  mandibles  being- 
dark  brown.  From 
one  to  three  days  are 
spent  in  the  cell  after 
molting,  and  the  head 
capsule  becomes 
brownish  and  quite 
firm.  The  larva  then 
breaks  out  of  the  cell 
and  returns  to  the 
roots  of  the  food  plant. 
The  periods  of  molt- 
ing, especially  the  first 
three,  seem  to  be  the 
most  critical  stages  in 
the  life  of  the  growing 
larva.  Many  die  in 
the  resting  stage  be- 
fore molting;  others 
die  while  emerging 
from  the  old  skin. 

Until  the  third  molt 
the  larva  confines  its 
feeding  to  the  small 
rootlets  (fig.  2),  but 
with  the  beginning  of 
the  fourth  instar  the 
larva  begins  to  attack 
the  larger  roots.  On 
such  plants  as  cycla- 
men or  primrose  the  soft  fleshy  roots  are  cut  off  within  a  short  distance 
of  the  crown  or  corm  and  may  or  may  not  be  devoured .  If  a  large  num- 
ber of  larvae  are  present,  the  stumps  of  the  roots  are  then  eaten  and  the 
corm  or  crown  gouged  or  hollowed  out.  (Figs.  3,  4,  and  5.)  The 
feeding  during  the  last  two  instars  is  rapid,  and  the  infested  plant 
may  exhibit  no  injury  until  the  sudden  wilting  due  to  the  cutting  of 
the  roots  occurs.  The  young  larva  feeds  on  the  young  rootlets  of 
woody  plants  such  as  yew  (5)  or  grape  (15),  but  in  later  instars  it 
feeds  on  the  cortex  of  the  larger  roots.  The  root  may  be  entirely 
stripped  of  its  bark  for  several  inches,  girdled  at  one  or  more  points, 
or  only  gouged  out  on  one  side. 

125775—32 2 


Figure  2. — A  plant  of  fairy  primrose  {Primula  malacoides)  whose  fine 
rootlets  have  been  eaten  by  a  young  larva  of  Brachyrhinus  sulcatus 
which  may  be  seen  below  the  base  of  the  plant  ball.  Willow 
Grove,  Pa.,  1928.     X  0.5 
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Root  cutting:  and  gouging  out  the  corm  of  certain  plants  furnish  an 
abundance  of  material  for  building  up  the  body  preparatory  to  pupa- 
tion. Larvae  which  had  not  eaten  off  the  plant  roots  were  not  reared 
to  the  adult  stage  so  successfully  as  were  those  (in  other  pots)  which 
had  eaten  off  the  roots.  This  habit  evidently  serves  also  as  a  protec- 
tion to  the  larva  in  the  cell,  for  examination  showed  that  many  cells 
of  the  former  had  been  penetrated  by  the  roots  and  the  larvae  had 
died  in  each  instance. 

Wilson  (56')  describes  the  tunnelling  or  boring  habits  of  certain 
specimens  of  B.  rugijrons  Gyll.  into  the  stems  and  leaf  petioles  of  Saxi- 
frages. The  writer  has  frequently  observed  that  B.  sulcatus  larvae 
tunnel  out  the  crown  and  the  bases  of  the  larger  petioles  of  primroses 
aboveground.  Larvae  attacking  roots  of  dock  usually  feed  on  the 
cortex  outside  thr*  woody  rylinder,  but  sometimes  they  tunnel  along 

the  pithy  area  in  the 
center  of  the  root. 
In  two  observed 
cases,  heavil3nnfested 
cyclamen  plants  with 
large  corms  became 
honeycombed  with 
larval  tunnels.  Lar- 
vae in  less  heavily  in- 
fested pots  ate  off  only 
part  of  the  roots  before 
finishing  their  growth. 
The  burrowing  habit 
of  sulcatus  larvae  does 
not  seem  to  be  an  in- 
herited or  racial  char- 
acteristic wdth  this 
species  as  suggested 
for  rugijrons  by  Wil- 
son, but  rather  it  is 
followed  where  food  is 
deficient. 

Feytaud  {15)  states 
that  a  part  of  the  lar- 
vae complete  their  feeding  in  vineyards  in  the  fall  and  that  they  form 
cells  from  1 5  to  40  centimeters  below  the  surface  and  there  spend  the  win- 
ter. In  the  spring  these  larvae  break  out  of  their  cells  and  come  nearer 
the  surface,  where  they  form  the  pupal  cells.  During  the  fall  of  1927  the 
author  placed  about  100  larvae  in  the  prcpupal  stage  in  artificial  cells 
(}2  by  2  inch  glass  cylinders)  and  buried  these  at  depths  ranging  from  6  to 
24  inches.  In  the  following  spring,  at  the  normal  time  for  pupation,  the 
cylinders  were  examined,  and  the  insects  had  pupated  in  the  overwinter- 
ing cells  without  first  approaching  the  surface.  From  these  observa- 
tions the  writer  is  inclined  to  believe  that  Feytaud  mistook  the  larvae  in 
the  fifth  or  sixth  instar  in  their  overwintering  cells  for  larvae  in  prepupal 
cells.  In  Pennsylvania  the  immature  larvae  were  observed  to  form 
overwintering  cells  at  varying  depths  down  to  18  inches  but  usually 
from  0  to  8  inches  below  the  surface.  These  had  voided  the  gut  con- 
tents and  appeared  quit^  like  the  prepupae  in  all  respects  except  for 


Figure  3.— Two  cychunen  plants,  the  one  on  the  left  destroyed  by 
root-cutting  larvae  of  Brachyrhinuf  sulcatus.  Willow  Grove,  Pa., 
1928.     X  0.3 
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size.  Mature  larvae  in  prepiipal  cells  were  found  at  no  greater  depths 
than  4  or  5  inches.  Apparently  the  larvae  rarely  if  ever  leave  the  pre- 
pupal  cells  to  form  new  ones  unless  disturbed,  as  by  plowing. 

In  the  nursery,  the  infested  plants  do  not  occur  in  a  definite  area  but 
are  scattered  at  random.  At  Rutherford,  N.  J.,  in  1926,  about  25  yew 
plants  were  severly  injured,  and  with  two  exceptions  each  of  these  plants 
was  located  between  unaffected  plants.  Diggings  revealed  from  18  to 
24  larvae  about  the  base  of  each  injured  plant  and  from  none  to  4  about 
thrifty  ones.  The  root  systems  of  these  heavily  infested  plants  were 
considerably  nearer  the  surface  than  were  those  of  the  uninfested  ones. 
In  Pennsylvania,  the  weevil  was  more  abundant  in  well-fed  and  mulched 
blocks  of  yew  than  in  those  receiving  little  care.  In  the  latter  case  the 
roots  were  deeper  in  the  soil  which  was  devoid  of  surface  organic  matter, 


Figure  4. — Cyclamens  and  primroses  ^Primula  malacoides):  The  roots  of  the  center  plants  have 
been  destroyed  by  larvae  of  Brachyrhinus  sulcatus.  The  outside  plants  are  uninfested.  Willow 
Grove,  Pa.,  1927 

whereas  in  the  former  the  roots  approached  the  surface  and  were  more 
easily  reached  by  the  young  larvae  through  the  loose  surface  material. 
The  mature  larva  is  slightly  pinkish  white,  the  food  material  in  the 
alimentary  tract  adding  other_  color.  If  the  larva  feeds  on  species  of 
Rumex  (sorrel  or  curly  dock),  the  body  has  a  decided  yellowish  tinge; 
if  on  straw^berry,  it  has  a  reddish  tinge.  With  the  formation  of  the 
pupal  cell  the  gut  contents  are  completely  voided,  and  the  body  is 
then  milky  white.  It  seems  certain  that  the  material  in  the  intestine  is 
utilized  in  moistening  the  soil  and  in  developing  the  smooth  and 
hardened  walls  of  the  cell.  The  larva  lies  in  a  half  coiled  position  sup- 
ported by  its  dorsum  against  one  side  of  the  chamber  and  the  tip  of  the 
abdomen  against  the  other,  about  half  way  between  the  upper  and 
lower  ends  of  the  cell.  The  prepupal  stage  has  been  observed  to  be  as 
short  as  three  weeks  or  as  long  as  eight  and  one-half  months,  depending 
upon  the  soil  temperature. 

THE  PUPAL  CELL 

The  cells  (fig.  6)  for  pupation  are  formed  rather  near  the  surface, 
usually  within  1  or  2  inches,  but  with  extremes  of  one-half  and  6 
inches.  Unless  the  soil  is  rather  sandy  and  crumbly,  the  cell  wall 
becomes  quite  firm  and  is  one-sixteenth  to  one-eighth  inch  thick.  The 
fine  soil  particles  apparently  intermixed  with  the  gut  contents  of  the 
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larva  form  a  puddled  layer  which  grades  off  into  the  surrounding  soil 
with  no  definite  line  of  demarkation.  The  cell  wall  is  not  entirely 
impervious  to  water.  The  cell  is  considerably  larger  in  both  length  and 
breadth  than  its  occupant  at  any  stage  of  development.  The  pupa  is 
usually  located  toward  the  upper  end  of  the  chamber.  Table  2  gives 
the  size  of  several  pupal  cells,  their  depth  in  the  soil,  and  the  size  of 
the  emerging  adults. 

Table  2. — Summary  of  measurements  of  the  pupal  cells  of  Brachyrhinus  sulcatus, 
their  depth  in  the  soil,  and  the  length  of  the  emerged  adult,  Willow  Grove,  Pa.,  1927 
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7 
8 

Mm 
14 
14 
15 

Mm 

u 

2 

6 

1 1 

3 

7 

n 

4     . 

THE  PREPUPA 

After  the  formation  of  the  cell  at  the 
conclusion  of  the  larval  feeding  period,  the 
milky-white  larva  with  a  glistening  chest- 
nut-brown head  capsule  remains  quiescent 
until  pupation.  At  the  beginning  of 
this  stage  the  larva  will  ahiiost  always 
form  a  new  cell  if  the  original  one  is 
broken.  As  development  progresses  and 
the  time  for  pupation  approaches,  the 
larva  becomes  less  active  and  may  then 
be  readily  placed  in  an  artificial  cell  for 
observation. 

The  body  gradually  changes  to  a  mud- 
dy-yellow color,  and  the  head  becomes  a 
weathered  brown.  Then  the  thoracic 
segments  enlarge  slightly  on  the  dorsal 
side,  and  the  prothorax  and  head  of  the 
pupa  take  form  there.  The  larval  skin 
splits  along  the  median  line  of  the  thorax 
and  of  the  head  capsule  and  is  worked 
off  posteriorly.  The  shedding  of  the 
larval  skin  after  it  splits  required  40  min- 
utes in  one  case  and  from  GO  to  80  minutes 
in  three  other  observed  instances. 

THE  PUPA 

At  first  the  pupa  is  entirely  milky 
white  with  rather  conspicuous  dusky 
s])ines  definitely  arranged  on  the  head, 
femora,  and  abdomen.  The  head  is  bent 
beneath  the  body  and  lies  on  the  breast. 
The  mandibles  arc  provided  with  curved  hooks  which  give  the  mouth 
parts  an  overbahmced  appenrance.  The  spines  seem  to  be  used  as  hooks 
in  maintaining  the  position  in  the  ujipcr  j^ait  t  f  the  cell.    The  pupa  can 


Figure  5.— Root  of  curly  dock  (Rumei 
crispus)  which  has  been  ponged  out 
by  larvae  of  lirachyrhinuH  sulcatus. 
Willow  Urove,  I'a.,  1U28.     X  0.3 
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move  by  the  bending  of  the  abdomen  in  any  dh-ection.  In  this  manner 
the  pupa  is  able  to  turn  its  })ody  around  in  the  cell  when  exposed  to 
Ught  m-  when  the  cell  is  broken. 

In  an  individual  which  spends  the  maximum  time  in  the  pupal  stage, 
the  eyes  turn  brown  and  then  black  in  the  course  of  the  first  8  or  10 
days.  By  this  time  the  striae  in  the  wing  pads  become  evident. 
About  five  days  l)efore  the  change  to  adult  the  mandibles  become  a 
rusty  brown;  and  during  the  next  two  days  they  become  black,  and  the 
rusty  color  extends  to  the  eyes  on  the  snout.  At  this  time  the 
antennae,  tarsi,  and  femoral  tips  also  become  a  rusty  brown,  which 
deepens  just  previous  to  the  shedding  of  the  pupal  skin.  The  legs 
darken  at  the  joints,  the  snout  becomes  black  to  the  eyes,  the 
prothorax  faintly  rusty,  the  occiput,  elytral  pads,  and  abdomen 
creani}^  white.     AMth  a  shorter  pupal  period  all  of  these  changes  are 


Figure  6.— Celb  of  Brachyrhinus  s'lhit  is  with  oas  si  la  ra.Tijvei  sliowing  respectively,  from  left  to 
right,  a  prepupa,  pupa,  anl  aa  unemergel  aiult.     Willow  Grove,  Pa.,  1928.    X  2 

correspondingly  accelerated.  In  the  change  to  adult  the  thin-walled 
pupal  skin  splits  along  the  median  dorsal  line  on  th3  prothorax  and 
occiput  and  is  worked  off  posteriorly.  The  whole  procedure  in  one 
individual  has  not  been  accurately  timed,  but  in  several  cases  it 
required  less  than  two  hours. 

The  length  of  the  pupal  period  of  77  Brachyrhinus  sulcatus  in  the 
greenhouse  at  Willow  Grove,  Pa.,  from  January  to  March,  1928, 
when  the  soil  temperature  ranged  from  57°  to  68°  F.,  during  the 
observations  was  as  follows: 
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Number  of  individuals: 

(days) 

Number  of  individuals- 
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(days) 

2 

15 

8 

20 
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3 

21 

21 

17 

3 ^ 
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15 

18 
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19 
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_   ir.  91 
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THE  ADULT 

Blatchley  and  Leng  {£,  p.  Ill)  describe  the  adult  (fig.  7)  of  Brachy- 
rhinus  sulcatus  as  follows : 

Oblong,  brownish-black,  subopaque.  Thorax  subcylindrical,  not  longer 
than  wide,  its  surface  densely  covered  with  rounded  tubercles,  each  bearing 
a  short  hair.  Elytra  oblong-oval,  stiiae  coarsely  punctured  and  with  remote 
patches  of  yellowish  hair;  intervals  feebly  convex,  each  with  a  row  of  shining 
rounded  tubercles.  Femora  strongly  club-shaped,  deeply  sinuate  near  tip. 
Length  8.5  mm. 

The  adults  mentioned  by  these  writers  are  smaller  than  are  most  of 
the  present  writer's  specimens.  A  few  adults,  such  as  those  reared 
from  larvae  pupating  in  the  fifth  instar,  were  only  8.5  mm  in  length, 

but  most  living  adults  measured  from 
10.5  to  11.5  mm.  When  recently 
emerged,  the  adult  is  glistening  black 
with  irregularly  placed  tufts  of  yel- 
lowish hairs  on  the  elytra  which  gives 
the  bod}^  a  dull  appearance.  The 
elytra  have  no  articulation  at  the 
base,  but  the  whole  is  thickened 
chitin.  The  two  are  usually  said  to 
be  fused  along  the  median  line,  but 
in  dissection  they  readily  separate 
after  being  cut  off  at  the  base.  The 
hind  wings  are  reduced  to  small 
pads  which  lie  on  either  side  beneath 
the  elytra.  The  eyes  are  black,  and 
the  head  is  smoother  than  the  thorax 
and  has  a  thin  covering  of  short 
pubescence.  The  antennae  are 
shining  black  and  slightly  pubescent, 
which  gives  them  a  brownish  tinge. 
The  legs  are  black,  with  the  tibiae 
and  tarsi  thickly  covered  with  a 
brown  pubescence.  The  exoskeleton 
is  pliable  and  easily  broken  at  this 
time. 

The  body  of  the  newly  trans- 
formed adult  is  milky  white,  except 
for  the  snout  and  eyes,  which  are  black,  the  antennae,  coxae,  femoral 
tips,  tibiae,  and  tarsi,  which  are  rusty  brown;  and  the  prothorax,  which 
is  faintly  rusty.  Within  an  hour  after  transformation  the  elytra 
expand  to  cover  the  abdomen  and  meet  along  the  median  line.  On  the 
following  day  the  general  body  color  becomes  a  dark  chestnut  brown 
with  the  abdomen  yellowish  brown  ventrally.  Three  days  after 
transfoniuition  tlie  body  is  a  glistening  black  except  for  the  brownish 
antennae  and  tarsi.  By  the  fourth  or  fifth  day  after  transformation 
the  i)atches  of  yellowish  hair  on  the  elytra  become  evident,  and 
the  adult  is  apparent!}^  ready  to  emerge. 

The  udult  is  seemingly  very  weak  after  transformation,  but  grad- 
ually gains  strength  and,  in  a  few  days,  responds  more  quickly  when 
distur])ed.  In  most  cases  the  adult  breaks  out  of  the  cell  and  digs  its 
way  to  near  the  surface  by  means  of  its  deciduous  numdibular  ap- 


FiGURE  7.— The  black  vine  weevil  (Brachy- 
rhinus  sulcatus):  Adu\t.     X4 
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pendages.  The  earth  is  torn  into  fine  particles  by  means  of  these 
appendages,  worked  past  the  body,  and  lodged  in  the  cell  cavity  as  the 
adult  moves  into  the  excavation.  With  but  few  exceptions  in  many 
observed  cases,^  the  adult,  during  the  night  in  which  the  cell  is 
broken,  continues  its  digging  toward  the  surface  until  only  a  thin 
crust  remains.  On  the  following  night,  usually  in  the  early  evening, 
the  adult  completes  the  act  of  emergence  and  goes  into  hiding  without 
feeding.  This  differs  from  the  habit  of  B.  ovatus,  which  emerges 
soon  after  transformation  (52),  and  then  remains  in  hiding  without, 
feeding  for  several  days  until  the  body  darkens  and  hardens. 
The  period  from  transformation  to  emergence  of  141  adults  of 
Brachyrhinus  sulcatus  in  the  greenhouse  at  Willow  Grove,  January 
to  April,  1928,  when  the  soil  temperature  varied  from  59°  to  70°  F. 
during  the  observations  was  as  follows: 

Number 
of  days 

Number  of  individuals:  i"  stage 


1 4 

6 5 

14 6 

28 7 

51 8 

19 9 


Number 

of  days 

Number  of  individuals — Con.       in  stage 

15 10 

3 11 

2_    __ 12 

1 15 

1 17 


Average ».  v6 

After  the  adults  have  been  hiding  beneath  clods  of  earth  in  the  fields 
the  striae  often  become  filled  with  soil,  and  the  whole  elytral  surface 
becomes  coated  with  mud.  Adults  which  seclude  themselves  among 
leaves  or  trash  or  under  bark  become  dull  gray  as  a  result  of  dust 
accumulation.  Sometimes  they  acquire  a  thin  incrustation  of  green- 
ish algae.  The  original  shining  black  also  weathers  and  fades  as 
the  adult  ages,  and  the  exoskeleton  becomes  greatly  thickened  and 
very  hard. 

Feeding  by  B.  sulcatus  begins  on  the  night  after  emergence.  On 
thick  cyclamen  leaves  small  rounded  notches  are  bitten  from  the 
edge,  whereas  on  thin  cyclamen  and  primrose  leaves,  or  on  flower 
petals,  the  areas  eaten  are  sickle  shaped  and  much  larger.  (Figs.  8 
and  9.) 

The  adult  prefers  cyclamen  flowers  to  the  leaves,  but  this  preference 
is  less  evident  with  primrose.  The  pinnae  of  ferns  are  notched,  bitten 
off,  and  either  allowed  to  fall  to  the  ground  or  eaten  entirely.  Rhu- 
barb, dock,  sorrel,  plantain,  and  other  plants  are  badly  notched  or 
eaten  out  between  the  veins.  Yew  needles  are  bitten  off  at  the  tip, 
notched  along  one  side,  or  eaten  completely.  The  foliage  toward 
the  interior  is  more  severely  attacked  than  that  on  the  terminal 
growth.     (Figs.  10  and  11.) 

Many  new  growths  are  girdled  late  in  the  season  by  the  removal 
of  a  narrow  ring  of  bark  at  the  base.  These  twigs  die  during  the 
following  winter,  and  often  the  plant  is  then  mistakenly  said  to  be 
"winterkilled."     As  many  as  30  per  cent  of  the  twigs  on  some  plants 

'  The  procedure  by  which  the  adult  broke  the  cell  and  dug  toward  the  soil  surface  by  aid  of  the  mandibular 
pieces  was  readily  observed  throuRh  the  glass  sides  of  the  artificial  cells  in  which  the  prepupae  had  been 
placed  foi  observation  of  their  development.  Tnese  deciduous  mandibular  pieces  were  usually  lost  between 
the  completion  of  their  approach  to  the  surface  and  the  breaking  through  of  the  crust.  Some  individuals 
retained  one  or  both  appendages  for  a  few  days  after  emergence.  One  individual  emerging  naturally  and 
several  others  removed  from  their  cells  before  starting  to  emerge  retained  these  pieces  for  over  two  months. 
Apparently  these  adults  fed  without  inconvenience.  In  all  observed  cases  each  deciduous  appendage  was 
shed  in  one  piece.  Several  apparently  normal  adults  died  after  breaking  their  cells.  These  individuals 
were  found  to  have  lost  these  pieces,  which  loss  probably  accounted  for  their  failure  to  reach  the  surface. 
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have  been  found  girdled  in  this  manner.  Leaf  petioles  and  flower 
stems  of  such  plants  as  cyclamen,  primrose,  or  strawberry  are  notched, 
often  so  deeply  that  the  stem  breaks  at  the  point  of  injury.  (Fig. 
10.)  Feytaud  {15)  described  the  girdling  of  the  new  growths  year 
after  year  on  grape,  and  the  throwing  out  of  new  branches  below  the 
point  of  injury.  An  injured  plant  develops  a  witch's-broom  effect. 
The  buds  and  foliage  are  also  devoured,  and  the  young  grapes  are  cut 
from  the  stems. 

The  female  feeds  most  extensively  during  the  preoviposition  period, 
less  during  the  egg-laying  period,  and  still  less  during  the  period 
between  the  close  of  oviposition  and  the  beginning  of  hibernation. 

It  is  generally  reported  that  the  adult  hides  during  the  day  beneath 
pieces  of  earth,  stones,  sticks,  dried  grass,  or  leaves  in  the  vine.yard 
or  strawberry  field  {15,  51,  54)-     The  writer  has  observed  the  adults 


Figure  8.— Typical  feeding  by  Brachyrhinus  sulcatus  on  a  thick  leaf  (left)  and  on  a  larger,  more 
tender  cyclamen  leaf  (right).    Willow  Grove,  Pa.,  1927 

behaving  in  this  manner  in  the  nursery  when  the  yew  and  rhododen- 
dron plants  were  small,  but  where  larger  plants  were  infested  the 
beetles  were  found  on  the  trunks  beneath  the  loose  bark  or  among 
accumulations  of  needles  lodged  in  the  forks  of  the  branches  {44)- 
This  was  especially  noticeable  in  1926  at  Chestnut  Hill,  Pa.,  where  in 
one  day  127  beetles  were  collected  from  beneath  the  loose  bark  and 
from  lodged  needles  on  seven  yew  trees  while  none  were  found  among 
the  trash  on  the  ground.  This  season  was  very  rainy,  and  observa- 
tions made  at  night,  together  with  the  mefl'ectiveness  of  baits  spread 
to  attract  the  insects  to  the  ground,  indicated  that  the  beetles  did  not 
move  from  tree  to  tree  or  come  down  to  the  ground  to  anj^  extent. 
The  adult  avoids  moisture  and  will  not  hide  in  wet  trash  on  the  ground. 
If  the  small  wad  of  fibrous  orchid  peat  supplied  to  caged  individuals 
as  a  hiding  ])laro  became  wetted  during  watering  the  beetles  avoided 
their  haunt  and  spent  the  day  in  the  to])  of  the  cage.  The  arboreal 
habit  of  the  adults  in  the  nursery  may  be  due,  in  part,  to  the  moist 
condition  of  the  trash  on  the  ground. 
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The  adults  were  abundant  in  1926,  but  the  rainy  period  was  accom- 
panied by  a  high  mortahty  of  the  weevil  before  oviposition  began. 
On  July  26,  1926,  in  a  block  of  small  3^ew  284  dead  adults  and  only  56 
live  ones  were  collected  about  the  plants.  This  point  may  be  one 
factor  in  the  reduction  of  the  infestation  in  1927  following  a  period  of 
abundant  rainfall  preceding  and  during  the  oviposition  period,  for  the 
insects  were  scarce  in  1927.  As  there  was  little  rainy  weather  during 
July  and  August  of  that  year  they  were  more  numerous  in  1928,  when 
again  there  was  little  rainfall  in  the  same  period.  The  larvae  were 
rather  numerous  in  the  fall  of  1928,  and  adults  were  correspondingly 
abundant  in  1929.  

To  compare  the  ovi- 
position rate  in  dry  and 
rainy  weather,  two  lots 
of  adults  w^ere  collected 
from  the  field  and  each 
lot  divided  into  two  equal 
parts  and  caged  on  prim- 
roses. For  10  consecu- 
tive evenings,  cage  1  of 
each  group  was  sprinkled 
so  that  the  foliage  re- 
mained moist  during  the 
night  while  the  other 
cages  were  kept  dry. 
The  17  individuals  in  the 
two  wetted  cages  laid  a 
total  of  120  eggs  during 
the  10  nights  while  the 
same  number  of  adults 
in  the  dry  cages  laid  a 
total  of  715  eggs.  The 
amount  of  feeding  was 
also  reduced  in  the  wet- 
ted cages. 

Chips,  sphagnum, 
straw,  or  excelsior  laid 
about  on  the  ground 
have  been  recommended 
by  Thiem  (51),  Weiss 
which   hide   in    the 


Figure  9. — Normal  cyclamen  l)looin  deft)  and  a  bloom  showing 
feedinghy  Brachyrhinus  sulcatus.     Willow  Grove,  Pa.,  1927 


(54),  and  others  for  catching  the  adults 
material.  Such  traps  have  proved  to  be  of 
little  value  in  the  greenhouses  when  tested  by  several  florists.  As 
cyclamens,  the  usual  host  plant  in  Pennsylvania,  are  sprinkled 
several  times  daily  during  the  summer  to  keep  down  the  tem- 
perature and  the  rate  of  evaporation  the  trap  materials  become 
wetted  and  are  unattractive  to  the  adult  in  search  of  a  hiding  place. 
The  usual  hiding  place  in  the  greenhouse  is  on  the  side  of  the  pot  just 
below  the  projecting  edge  of  its  thickened  rim,  or  among  the  leaf 
petioles  on  a  many-leaved  plant.  The  adult's  preference  for  the  better 
protection  supplied  by  the  more  numerous  stems,  where  more  of  the 
eggs  are  likely  to  be  laid,  may  explain  the  usually  greater  damage  by 
the  larvae  to  the  best  plants  in  a  lot. 

125775—32 3 
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DowTies  (10,  p.  8)  described  the  migratory  habit  of  the  wingless 
weevils  of  Brachyrhinus  ocatus  at  the  period  just  before  egg  laying 
begins  and  again  at  the  close  of  this  period  as  the  adults  are  in  search 
of  hibernating  quarters.  Do"v\Ties,  working  with  oratus  and  Feytaud 
(15)  and  Thiem  (51)  with  sulcatus  observed  the  gradual  spreading 
of  the  weevils  from  a  common  center  or  from  adjacent  fields.  The 
present  writer  has  not  had  the  opportunity  to  observe  the  migration 
of  sulcatus  in  the  nurser}',  but  the  weevils  seem  to  drift  into  the  green- 
houses throughout  the  egg-laying  season,  as  indicated  by  nightly  col- 
lections made  b}'^  florists. 

About  the  close  of  the  oviposition  period  the  weevils  apparently 
leave  the  greenhouse  to  hibernate  out  of  doors,  this  being  indicated 

by  a  cessation  of  feeding. 
During  four  years'  study  no 
feeding  on  foUage  or  flowers 
has  been  observed  in  commer- 
cial greenhouses  between  the 
middle  of  September  and  the 
emergence  of  the  next  gene- 
ration of  adults  in  midwinter. 
When  adults  are  being  han- 
dled a  drop  of  dark-green  liq- 
uid, probably  regurgita ted 
food,  often  appears  on  the 
mouth  parts.  The  fecal  mat- 
ter is  dry  for  the  most  part  and 
falls  to  the  ground,  but  some- 
times it  is  soft,  adheres  to  the 
foliage,  and  there  serves  as  a 
medium  for  fungous  growth. 

OVIPOSITION 

Puis  (88),  who  observed 
adult  B.  sulcatus  on  grapes  in 
greenhouses  in  Belgium,  de- 
scribed the  act  of  oviposition. 
He  stated  that  the  female, 
resting  on  a  vine  branch,  simply  dropped  the  eggs  singly;  and  as 
material   covered    the   outside,  they  came  to  rest  on 


Fini'RE  10. — Feeding  of  adults  of  Brachyrhinus  avl- 
catus  on  straw t.erry  (left)  and  on  rippleseed  jilantain 
(Planlago  major).     Willow  (Jrove,  Pa.,  192S 


no  glutinous 


(15) 


agreed  with  Puis  and  also  noted  eggs  in 


the  ground.     Feytaud 
soil  interstices. 

In  the  nursery  the  writer  has  found  the  eggs  on  the  ground,  in 
trash  or  among  soil  particles,  lodged  beneath  loose  bark,  or  between 
needles  of  yew  plants  as  liigh  as  3  i'eet  from  the  ground.  In  the  green- 
house they  were  found  on  the  soil  surface  and  on  the  leaves  and  stems 
of  such  hairy  phmts  as  i)rimrosc;  also  in  hollows  or  clefts  in  stems  and 
corms,  or  inserted  about  1  m.rn  into  soil  crevices.  In  the  latter  situa- 
tion the  eggs  are  often  so  flattened  or  wedge  shaped  that  it  seems 
that  they  were  forced  into  those  places. 

The  writer  has  observed  the  act  of  oviposition  by  caged  females 
at  night.  Without  any  preliminary  actions,  the  anal  segment  is 
lowered  and  the  ovipositor  is  extended  about  1)2  nmi.  The  egg  is 
then  forced  down  tlie  egg  tu})0  iiiid  dro])ped.     Adults  have  been  seen 
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dropping  eggs  while  resting  on  the  side  of  the  cage,  on  the  foUago, 
and  on  the  ground.  The  ovipositor  was  never  seen  inserted  in  a  soil 
crevice  or  other  cleft,  but  it  seems  that  this  is  probably  what  takes 
place  when  eggs  are  found  in  such  situations. 

LONGEVITY  OF  ADULTS  UNDKR  VARIOUS  ABNORMAL  CONDITIONS 

Forty  adults  collected  in  the  nursery  July  29,  1926,  were  confined 
in  salve  boxes  without  food  or  water.  Twenty -one  lived  for  10  days; 
11  for  11  days;  and  8  for  12  days.  The  weevils  appeared  normal  the 
day  preceding  death.  Weevils  collected  on  September  24,  1926, 
lived  8  days  in  salve  boxes  without  food  or  water.  In  March,  1928, 
a  number  of  adults  (Table  3)  were  confined  as  soon  as  they  emerged, 


Figure  U. — Feeding  of  adults  of  Brnchyrhinus  sutcatus  on  rhododendron  (left),  Euonymus  ameri- 
canus  (upper  right),  and  Taxus  cuspidata.    Chestnut  Uill,  Pa.,  1928 

(1)  in  watch  glasses  without  food  or  water,  (2)  in  cages  on  bare  soil 
but  watered  daily,  and  (3)  in  cages  on  soil  with  dried  cyclamen  leaves 
as  food  and  watered  daily.  In  lot  3,  the  adults  fed  freely  on  the  dried 
cyclamen  leaves.  This  would  indicate  that  the  adults  may  subsist 
on  areas  devoid  of  green  crops  until  they  can  migrate  to  adjacent 
areas  where  food  plants  are  being  grown.  The  adults  in  this  test 
laid  no  eggs,  and  examination  at  death  showed  the  reproductive 
organs  to  be  undeveloped  and  the  viscera  emaciated.  From  Table  3 
it  will  be  seen  that  the  weevils  in  lot  2  lived  the  longest  on  an  average. 
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Table  3. — Longevity  of  adults  of  Brachyrhinus  sulcatus  confined  under  abnormal 
conditions  in  greenhouse  at  Willoiv  Grove,  Pa.,  1928 


Condition  under  which  kept 

•4^ 
CO 

B 
a 

1 

"3 

Number  of  adults  dying  at  age  of— 

03  <*o 

ceTS 

i 
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3 
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O 

I— ( 

•a 

tf3 

>> 

« 

•a 

to 
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CO 

•a 

CO 

T3 
•^ 
CO 

CO 

CO 

>> 

ca 
-a 

00 

1 

Without  food  or  moisture     .  

Number 
18 
22 
22 

3 



4 

7 
"I' 

"h' 

4 

Bays 
20.3 

2 

0  n  moist  soil    .  

11 

3 

"1" 

31.0 

3 

Dried  leaves  and  water  supplied 

6 

6 

26.2 

P.4RTHENOGENESIS 

The  first  record  of  parthenogenetic  reproduction  in  the  genus 
Brachyrhinus  was  made  by  Ssilantjew  (46),  in  1905,  in  his  studies 
with  the  species  turca  Boheman.  He  dissected  over  1,000  adults 
during  the  season  without  finding  a  male  and  also  gathered  over  100,- 
000  adults  in  the  field  without  observing  a  single  pair  in  copula.  He 
also  found  that  all  of  30  adults,  isolated  before  emergence,  laid  fertile 
eggs  from  which  larvae  developed  and  matured  normally.  He  con- 
trasted the  lack  of  copulation  of  turca  in  the  field  with  the  frequent 
pairing  observed  between  the  two  sexes  of  B.  asphaltinus  Herm.,  an 
associated  species  on  the  grape.  B.  ligustici  Fab.  (53),  B.  cribri- 
collis  Gyll.  (22),  B.  ovatus  L.  (9,  p.  86),  and  B.  rugifrons  Gyll.  (56) 
were  proved,  by  methods  of  isolation  similar  to  Ssilantjew 's,  to  repro- 
duce parthenogenetically.  The  writers  reporting  on  these  species 
found  no  males  in  their  studies. 

Fej'taud  (14),  during  three  years'  study  of  B.  sulcatus,  examined 
thousands  of  individuals  externallj^  and  dissected  over  3,000  without 
finding  a  male.  He  collected  100  adults  soon  after  they  had  emerged, 
half  ot  which,  when  dissected,  showed  no  spermatozoa  in  the  seminal 
receptacles.  The  other  half  of  the  collection  was  reared  through  the 
summer  and  produced  fertile  eggs,  and  later  dissection  showed  that 
all .  were  females.  Fe3^taud  failed  to  isolate  individual  pupae  or 
recently  transformed  adults  before  emergence,  as  had  been  done  wdth 
the  other  species,  but  stated  that  if  any  copulation  had  taken  place 
in  the  4  to  5  day  interval  between  emergence  and  collection  of  these 
adults,  spermatozoa  would  have  been  evident  in  the  receptacles  of 
the  first  lot. 

During  the  writer's  studies  on  B.  sulcatus  six  generations  of  isolated 
adults  have  been  found  to  reproduce  parthenogenetically.  In  all 
cases  the  individuals  were  isolated  in  the  prepupal  stage,  and  the 
adults  were  kept  in  individual,  double-walled,  screen  cages  until 
found  to  produce  fertile  eggs.  In  two  generations  larvae  were  isolated 
at  the  time  of  hatching  and  kept  from  others  throughout  their  imma- 
ture and  adult  life.  Between  1,100  and  1,200  individuals  taken  in  the 
field  or  in  the  greenhouse,  or  reared  from  either  situation,  have  been 
dissected  and  found  to  be  females.  Tliis  work  reinforces  the  observa- 
tions of  Feytaud  and  agrees  with  the  studies  made  by  other  workers 
on  the  reproduction  of  five  other  species  of  Brachyrhinus.  A  seventh 
species,  B.  asphaltinus  (46),  has  been  shown  to  reproduce  sexually 
and  to  possess  males.  Various  workers  state  that  their  particular 
species  is  "irregularly  parthenogenetic"  (14,  22)  and  that  males 
may  occur  sporadically  in  certain  generations.  vStierlin  (47,  p.  226) 
described  the  elytra  of  the  male  sulcatus  as  narrower  than  those  of 
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the  female,  with  the  underside  of  the  insect  obsoletely  impressed, 
and  the  anal  segment  subfoveolate.  Reitter  (39)  suggested  that 
linearis  Stierlin  is  the  male  of  sulcatus  and  is  distinguished  from  the 
female  by  the  longitudinal  strigac  on  the  second  to  fourth  sternites 
and  by  the  feeble  impression  on  the  anal  sternite.  Since  linearis 
has  been  found  only  in  Italy,  where  it  is  abundant,  and  Reitter  admits 
having  seen  his  "male  sulcatus"  from  no  other  place  whereas  the 
female  is  widespread,  L.  L.  Buchanan,  of  the  Bureau  of  Entomology, 
considers  this  sufficient  grounds  to  doubt  the  suggestion  of  Reitter. 
In  the  writer's  life-history  studies  smaller  and  more  slender  adults 
have  been  reared  from  larvae  which  entered  the  prepupal  stage  an 
instar  earlier  than  normal  as  a  result  of  a  lack  of  food  or  of  unfavor- 
able food.  These  adults  answered  Stierlin's  description  of  the  male 
of  sulcatus,  but  the  dissection  or  rearing  of  these  proved  them  to  be 
females. 

SEASONAL-HISTORY  STUDIES 

Since  Brachyrhinus  sulcatus  is  a  pest  on  both  greenhouse  and 
outdoor-grown  plants,  it  was  to  be  expected  that  its  seasonal  life 
history  would  be  quite  different  in  the  two  situations.  A  3-year  study 
of  the  life  history  under  each  condition  was  made,  and  the  relationship 
between  the  greenhouse  and  outside  infestations  was  established. 

Adults  were  confined,  either  singly  or  in  groups  of  three  to  nine 
individuals,  in  cylindrical  screen  cages  9  inches  high  and  4  inches  in 
diameter  placed  over  host  plants  growing  in  4-inch  pots.  The  eggs, 
as  laid,  were  placed  on  soil  in  short  tubes  with  plaster  of  Paris  bot- 
toms. These  tubes  were  corked  at  hatching  time.  The  larvae  on 
emerging  were  transferred  to  the  desired  food  plants,  usually  from 
10  to  15  to  a  plant  in  a  4-inch  pot.  Isolated  larvae  were  reared  in 
1 -ounce  salve  boxes  containing  well-decomposed  leaf  mold  and  sup- 
plied daily,  wdiile  young,  with  fine  rootlets  and  later  with  larger  roots 
and  plant  crowns.  Table  4  gives  data  on  the  length  and  number  of 
instars  of  two  groups  of  isolated  larvae  in  the  greenhouse. 

Table  4. — Summary  of  length  of  instars  of  isolated  larvae  of  Brachyrhinus  sulcatus 
reared  in  the  greenhouse,  Willow  Grove,  Pa.,  1928 


Instar 

Group  A,  9  larvae  with 
7  instars 

Group  B,  19  larvae  with 
6  instars 

Summary  of  both  groups 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

Maxi- 
mum 

Mini- 
mum 

First 

Days 

14.62 

14.12 

14.82 

14.0 

13.62 

15.62 

12.37 

Days 
21 
31 
20 
18 
18 
20 
17 

Days 
11 
8 
12 
10 
10 
12 
12 

Days 
14.68 
10.52 
12.73 
12.52 
16.84 
15.0 

Days 
20 
14 
22 
19 
32 
21 

Days 
10 
8 
10 
10 
11 
14 

Days 
14.66 
11.59 
13.33 
12.96 
15.88 
15.81 

Days 
21 
31 
22 
19 
32 
21 

Days 
10 

Second -.  

8 

Third.. 

10 

Fourth 

10 

Fifth .. 

10 

Sixth 

12 

Seventh... 

Total  length  of  indi- 
vidual development . 

98.6 

113 

92 

86.4 

109 

79 

90 

113 

79 

The  larvae  in  the  soil  of  potted  plants  were  readily  transferred  to 
new  hosts.  The  time  of  completion  of  feeding  and  of  the  formation  of 
prepupal  cells  was  therefore  easily  determined.  Until  the  time  for 
pupation  approaches,  the  larva  is  easily  disturbed  and  forms  a  new 
cell  if  the  original  one  is  opened.  To  observe  pupation,  transforma- 
tion to  adult,  and  emergence  of  adult,  artificial  cells  were  made  by 
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pushing  a  cylindrical  stick,  of  a  diameter  equal  to  a  normal  pupal  cell, 
down  one  side  of  a  soil-filled  glass  cylinder  one-half  inch  in  diameter 
and  2  inches  in  length.  The  larva  in  late  prepupal  stage  was  then 
taken  from  its  natural  cell  in  the  soil,  lowered  into  the  artificial  cell, 
and  the  hole  closed  above  the  larva.  The  cylinder  was  then  placed 
in  the  soil,  the  top  even  with  the  surface.  Each  numbered  larva  was 
then  observable  through  the  glass  by  drawing  the  cylinder  from  the 
soil,  the  cylinder  being  replaced  after  each  observation.  These  larvae 
developed  normally  as  compared  with  those  wliich  formed  their  own 
cells  against  a  glass  plate  placed  in  the  soil.  \Mien  the  adult  was 
about  to  emerge,  a  glass  shell  vial  was  inverted  over  the  cylinder, 
and  in  this  way  isolated  virgins  were  obtained. 

The  life-history  studies  of  the  adult  outdoors  were  conducted  in  an 
insectary,  and  studies  of  the  larvae  and  pupae  were  made  in  open 
beds.  The  greenhouse  bench  furnished  normal  conditions  for  indoor 
studies. 

SEASONAL  HISTORY  OUT  OF  DOORS 

Brachyrhinus  sulcatus  may  pass  the  winter  in  the  larval,  prepupal, 
or  adult  stage.     During  five  winters'  observation  in  Pennsvlvania, 

from  1924  to  1929, 
adults  were  found  to 
pass  the  winter  onlv 
in  1924-25  and  1926- 
27,  and  then  only  in 
small  numbers.  Of 
700  adults  placed  in 
hibernation  cages  dur- 
ing the  3"ears  1926- 
1928,  only  one  emerged 
the  following  spring 
to  oviposit  the  second 
season.  The  majority 
of  the  individuals  hi- 
bernated as  prepupae  or  as  nearly  grown  larvae.  Seventy-five  per 
cent  of  the  individuals  observed  in  1925-26  passed  the  \dnter  as  pre- 
pupae; 25  per  cent  in  1926-27;  and  95  percent  in  1927-28.  The 
late,  warm  fall  of  1927  permitted  later  feeding  of  larvae,  thus  a  larger 
number  reached  maturity  before  being  overtaken  by  cold  weather. 
The  immature  larvae  generally  pass  the  winter  in  the  fifth  or  sixth 
instar,  but  a  few  may  be  in  the  fourth. 

Thiem  (51),  among  others,  stated  that  the  winter  may  be  passed  as 
pupae  or  as  unemerged  adults  within  the  pupal  cells.  To  test  this 
possibility  the  writer,  on  February  1,  1928,  placed  60  pupae  and  38 
unemerged  adults  in  cells  out  of  doors  in  soil  })elow  the  frost  line.  By 
March  16  all  of  the  adults  had  died  within  the  cells,  and  two  weeks 
later  all  of  the  pupae  wore  dead.  One  hundred  prepupae  put  out  at 
the  same  time  survived  the  winter  and  emerged  as  adults  the  follow- 
ing June.  No  pupae  or  unemerged  adults  have  been  found  by  the 
writer  in  the  nursery  during  the  winter.  The  above  test  indicates 
that  winter  conditions  are  less  favorable  for  these  stages  of  the  insect 
than  for  the  prei)upac  or  iinmalure  larvae. 

The  immature  larvae  became  active  early  in  the  spring,  when  the 
soil  temperature  was  42°  F.     (Observed  March  1,  1928.)     The  larger 
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Figure  12.— Emergence  of  adults  of  Brachyrhinux  sulcatus  in  1927 
at  Willow  Grove,  Pa.:  A,  47  adults  emerged  from  compost  heap: 
B,  229  adults  emerged  frmi  collections  made  in  nursery  April  20 

to  June  18 
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ones  completed  growth  during  April,  passed  through  a  short  prepupal 
stage,  and  pupated  with  the  overwintering  prepupae.  Pupation  be- 
gan about  May  10  in  1927  and  1928  as  the  soil  temperature  rose  above 
55°  F.  The  pupal  stage  lasted  about  22  days,  and  the  adults  trans- 
formed early  in  June  and  emerged  from  7  to  8  days  later,  usually  about 
June  10  to  20,  as  shown  in  Figure  12  for  1927. 

The  smaller  overwintering  larvae  completed  their  growth  later  in 
the  spring,  even  as  late  as  June.     Some  emerged  as  late  as  July  20. 
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Figure  13. — Development  of  eight  lots  of  Brachyrhinus  sulcatus  outdoors  from  time  of  hatching 
at  known  dates  during  the  egg-laying  season  of  1927.  Below  is  given  a  curve  showing  the  soil 
temperatures  on  the  dates  indicated  by  darts.    Willow  Grove,  Pa. 

Usually,  however,  most  of  these  late-maturing  larvae  died  in  the  pre- 
pupal stage.  No  larvae  were  observed  by  the  writer  to  hibernate  a  sec- 
ond winter  in  Pennsylvania,  though  a  slightly  shorter  season  might 
make  this  possible.  This  was  shown  by  the  fact  that  larvae  which 
were  reared  so  that  they  reached  maturity  late  in  August,  1927,  did  not 
produce  adults  until  the  following  spring.     (Fig.  13  and  Table  5.) 
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The  few  overwintering'  adults  emerge  from  hibernation  early  in  May 
(May  4,  1925,  May  7,  1927),  begin  to  oviposit  late  in  May  (May  22, 
1927),  and  continue  to  do  so  until  September.  One  adult,  depositing 
41  eggs  in  1926,  produced  822  eggs  during  1927.  One  adult,  captured 
May  18, 1927,  laid  135  eggs  before  her  death,  July  20, 1927.  During  the 
period  of  these  studies  only  three  adults  were  found  to  hibernate  success- 
fully outdoors  and  to  deposit  eggs  a  second  season.  In  Pennsylvania, 
then,  hibernation  in  the  adult  stage  appears  to  be  quite  exceptional. 

The  main  adult  emergence  extended  from  June  10  to  July  20  during 
three  j'-ears'  observations,  the  peak  occurring  about  the  middle  of 
June.  (Fig.  12.)  Several  writers  (5,  15,  18,  51)  stated  that  adults 
of  B.  sulcatus  emerged  in  April  and  May.  Emergence  is  very  likely 
dependent  upon  the  soil  temperature,  as  illustrated  by  the  following 
example  in  the  spring  of  1928.  A  quantity  of  larva-infested  soil  had 
been  dumped  outside  earlier  in  the  winter  between  the  greenhouse 
and  a  thick  hedge  in  a  place  fully  exposed  to  the  sun  during  the  day 
and  protected  from  the  winds  at  night;  thus  the  soil  temperature 
here  during  April  was  considerably  higher  than  that  in  the  open. 
Adults  here  began  emerging  on  May  3,  at  a  soil  temperature  of  60° 
F.,  or  8°  higher  than  soil  at  the  same  depth  in  the  open,  where  they 
did  not  emerge  until  a  month  later. 

In  the  3-year  study  the  first  eggs  were  laid  July  17  to  20  by  the 
June-emerging  adults.  The  preoviposition  period  was  from  28  to  50 
days.  The  average  number  of  eggs  laid  per  day  by  one  adult  was  13, 
with  a  range  of  from  0  to  27.  The  individual  fecundity  seemed  to 
vary  considerably  as  between  individuals  in  different  seasons  on  the 
same  host  plants,  and  between  individuals  on  different  host  plants. 
A  study  of  Tables  6  and  7  will  show  these  points.  The  average 
number  of  eggs  laid  by  adults  confined  to  different  host  plants  is 
especially  interesting.  Highest  averages  of  oviposition  rates  were 
obtained  from  adults  feeding  on  fairy  primroses,  although  adults  on 
rippleseed  plantain  produced  nearly  as  many  per  individual.  Adults 
confined  to  yew,  strawberry,  and  curly  dock  produced  only  about  half 
as  many  eggs,  and  adults  on  Boston  fern  produced  very  few. 

Table  6.- — Oviposition  records  of  Brachyrhinus  sulcatus  out  of  doors  at  Willow  Grove, 

Pa.,  1926-1928 


Indi- 
viduals 
under 
obser- 
vation 

Host  upon  which 
adults  vv^ere  confined 

Preoviposition 

period 

Eggs  laid 

Season  of— 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

Total 

Ma.xi- 
mum 

Mini- 
mum 

Aver- 
age 

1926 

Number 
\       '"* 

22 

1         36 

/      i  10 

\      «26 

9 

«4 

4 

'6 

'3 

Primula  malacoides — 

Nephrolepis  sp 

Fragaria  sp 

Days 
49 
54 
49 
45 

Days 
32 

35" 

35 

Days 

44.7 

54 

46.5 

38.7 

Number 
1,717 
9 

231 
1,633 
5,717 
3,589 

437 

573 
1,351 

738 

Number 

863 

9 

131 

401 

Nu7nber 

284 

0 

0 

40 

Number 
429.  25 
4.5 
38.5 

1927 

P.  malacoides    . 

204.1 

P  malacoides 

219.9 

P.  malacoides... 

45 
47 
56 
36 

3S 
33 
37 
36 

42.4 

40.6 

44.7 

36 

33 

488 
176 
278 

129 

0 

46 

0 

398.8 

Rumex  crispus. 

109.2 

1928. - 

Taxus  cuspidata 

Fragaria%\) 

PlaTtfaQO  major 

143.2 

225.1 
246.0 

1  1  adult  laid  41  eggs  in  1926  and  822  eggs  in  1927. 

2 1  adult  lived  52  days,  then  died  without  laying  eggs;  this  is  a  greater  age  than  the  average  length  of  pre- 
oviposition period. 

!  2  adults  died  without  ovipositing  after  living  59  days  and  38  days,  respectively.  Considered  in  the 
average  of  oviposition  records. 

*  2  adults  died  at  ages  of  24  and  25  days,  respectively.  Not  considered  in  average  or  minimum  of  ovi- 
position records. 

»  Adults  collected  in  nursery  before  egg  laying  began  and  confined  in  5  cages. 

«  1  adult  died  at  age  of  97  day.s  without  ovipositing.    Considered  in  average  for  oviposition. 

'  1  adult  lived  83  days  without  ovipositing.    Considered  in  average  for  oviposition. 

8  Adults  confined  in  1  ca?e. 
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Table  7. — Summary  of  ovi position  records  of  Brachyrhinus  sulcatus  out  of  doors, 
according  to  host  plant  used,  Willow  Grove,  Pa.,  1926-1928 


Host  plant 


Primula  mnlacoides  ' 

Ptantago  major 

Taxus  cmpidala 

Fragara  sp 

RumeJ-  crispus 

Keptirolepis  zp.    

Summary 


Adults 
observed 


Number 
49 
3 
4 
12 
4 
2 


74 


Adults 
not  ovi- 
positing 


Number 

2 

0 

0 

'S 

2  1 


Eggs 
laid 


Number 
12,  656 
738 
573 
582 
437 
9 


1 


15.  995 


Individual  egg  records 


Maxi- 
mum 


Number 
488 


278 

293 

176 

9 


488 


Mini- 
mum 


Number 
40 


46 
0 
0 
0 


Average 


Number 
269.27 
246.0 
143.  25 
131.83 
109.  25 
4.5 


216. 14 


•  The  adult  depositing  863  eggs  in  two  seasons  was  not  considered  in  the  column  of  maximum  individual 
oviposition. 

2  See  footnotes,  Table  6.  These  adults  lived  longer  than  the  normal  preoviposition  period  and  are  in- 
cluded in  computing  the  average  oviposition. 

The  larvae  hatching  from  the  first  eggs  laid  in  late  May  by  over- 
wintering adults  entered  the  prepupal  cells  in  late  August  or  early 
September.  A  few  of  these  pupated  and  emerged  as  adults  during  the 
same  fall,  but  most  of  them  lay  in  their  cells  until  the  following  May. 
Larvae  hatching  at  later  periods  throughout  the  egg-laying  season 
completed  maturity  later  in  the  fall  or,  if  overtaken  by  cold  weather, 
in  the  early  spring.  (Table  5  and  Fig.  13.)  The  developmental  period 
of  the  larvae  was  observed  to  be  as  short  as  74  days  and  as  long  as 
7%  months,  and  the  prepupal  period  lasted  a  minimum  of  21  days 
and  a  maximum  of  8K  months.  This  variation  is  apparently  due  to 
the  soil  temperature.  The  larvae  were  observed  to  feed  at  soil  tem- 
peratures of  42°  F.,  but  none  was  observed  to  pupate  at  soil  tempera- 
tures below  55°.  This  habit  permits  the  later  hatching  larvae  in 
each  season  to  complete  growth  late  in  the  fall  and  early  in  the  spring 
and  then  to  pui)ate  and  emerge  as  adults  with  the  overwintering 
prepupae  developing  from  early  laid  eggs. 

In  Pennsylvania  there  is,  then,  one  brood  of  adults  annually  under 
field  conditions.  The  few  adults,  however,  which  hibernate  success- 
fully and  oviposit  a  second  summer  cause  an  overlapping  of  genera- 
tions. The  observations  on  the  experimental  life-history  studies  were 
frequently  checked  with  natural  infestations  in  nurseries  where  col- 
lections were  made  and  reared. 


SEASONAL  HISTORY  IN  THE  GREENHOUSE 

Studies  of  the  life-history  of  Brachyrhinus  sulcatus  in  the  green- 
house were  planned  to  determine  whether  infestations  continued 
from  year  to  year  independent  of  any  outside  infestations  and,  if  so, 
whether  the  usual  greenhouse  practices  inlluence  the  infestations  and 
the  life  history  of  the  insect. 

Observations  in  commercial  greenhouses  and  in  the  laboratory 
show  that  the  larvae  mature  for  the  most  part  from  late  October  to 
early  Decejuber.  In  tlie  cooler  greenliouses  where  a  liigli  temperature 
is  not  kept  for  forcing  a  Christmas  crop,  so.ine  larvae  may  not  mature 
until  early  in  March,  but  this  is  exceptional.  As  the  larvae  complete 
their  feeding  by  cutting  off  the  roots,  the  affected  host  plants  sud- 
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denly  wilt,  turn  yellow,  and  die  at  the  time  for  marketing  the  crop. 
If  these  injured  plants  are  allowed  to  remain  on  the  bench  or  are 
thrown  beneath  it,  in  the  rush  to  make  room  for  the  next  crop,  the 
larvae  pupate,  and  adults  emerge  from  late  in  January  to  early  in 
April,  the  majority  in  February.  If  such  host  plants  as  cyclamen 
seedhngs  or  ferns  are  accessible  the  adults  feed  on  these  and  begin 
laying  eggs  from  50  to  70  days  after  emergence.  The  first  eggs  are 
usually  laid  in  April  or  early  in  May,  and  the  larvae  hatching  from 
them  will  mature  in  August.  During  the  early  summer  months  the 
cyclamen  plants  are  often  too  small  to  furnish  sufficient  food  for  the 
larvae  in  the  pot,  and  both  plant  and  insect  die. 

In  many  observed  cases,  however,  the  thrifty  florist  threw  the 
infested  soil  from  his  unsalable  cyclamens  on  the  compost  heap  near 
the  greenhouse  for  later  use.  The  larvae  in  this  soil,  having  completed 
their  feeding  and  formed  prepupal  cells  in  the  greenhouse,  lay  dormant 
until  spring  and  then  emerged  as  adults  in  June — about  the  same  time 
as  those  developing  entirely  outdoors.  This  point  was  checked  by 
placing  larva-infested  soil  on  a  compost  heap  in  November  and 
recording  the  emergence  of  adults  the  following  June.  (Figs.  12  and 
13.)  These  summer-emerging  adults,  from  the  compost  heap  or  from 
outdoor  hosts,  migrate  into  the  greenhouse  and  feed  and  oviposit 
from  the  middle  of  July  to  early  in  September.  Larvae  hatching  from 
their  eggs  mature  in  the  fall  and  early  winter.    (Table  8.) 

The  temperature  of  the  soil  in  the  greenhouse  affects  the  develop- 
ment of  this  insect  just  as  does  the  temperature  outside.  During  the 
cloudy  months,  from  the  latter  part  of  October  through  the  early 
part  of  January  (in  the  vicinity  of  Philadelphia),  the  soil  temperature 
ranged  from  48°  to  51°  F.  in  several  greenhouses,  then  rose  from 
7°  to  10°  with  the  coming  of  more  sunny  days.  Pupation  began  with 
this  rise  in  temperature.  The  adults  which  emerged  early  in  the 
spring  in  the  greenhouse  also  continued  to  oviposit  throughout  the 
spring  and  summer. 
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Adult  feedinf^  on  the  foliage  stops  suddenly  in  September,  and  it  is 
evident  that  they  normally  seek  hibernating  quarters  outside,  where 
most  of  them  die  before  spring.  But  in  the  laboratory  tests  the 
adults  which  otherwise  would  have  migrated  outside  were  kept  in 
the  greenhouse  in  cages  on  cyclamens  or  primroses  until  they  died, 
and  records  were  made  of  the  number  of  eggs  laid.  (Table  9.)  Egg 
laying  stopped  early  in  October,  and  the  adults  became  very  sluggish 
and  ate  httle  until  December  or  January,  when  they  became  active 
again,  ate  voraciously,  and  then  began  again  to  o\4posit.  Oviposition 
continued,  in  most  cases,  until  the  early  part  of  the  next  summer, 
though  a  few  oviposited  until  September. 

In  Table  10  is  given  a  summary  of  the  longevity  records  of  the 
groups  shown  in  Table  9. 

Table  9. — Oviposition    records    of   Brachyrhinus    sulcatus    in    the    greenhouse    at 
Willoiv  Grove,  Pa.,  during  the  seasons  1926-1928 

GROUP  A— ADULTS  DEVELOPING  ENTIRELY  IN  THE  GREENHOUSE 


Indi- 
viduals 

ob- 
served 

Date  of  emergence 

Preoviposition  period 

1 

Eggs  laid  first  season 

Season 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

Total 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

1926-27 

Number 
f         5 
I         2 

[      126 
45 

February,  1926... 
do 

Days 

78 
70 
80 
76 

Bays 
58 
06 
54 
61 

Days 
66.2 
68 
64.7 
69 

Number 
3,981 
1,581 
7,643 
1,802 
14, 758 

Number 
1,083 

907 
1,  055 

866 

Number 
466 
674 
568 
143 

Number 
796  2 

790  5 

1927-28_    

February,  1927... 

March,  1927 

do-   

849.2 
600  6 

567.6 

Summary-   .. 

SO 

54 

66.1 

29,  765 

1,083 

143 

661  4 

Season 

Eggs  laid  second  season 

Eggs  laid  both  seasons  by  all 
adults 

Total 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

Total 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

1926-27 

Number 
1  1,864 

Number 
598 

Number 
220 

Number 
372.8 

Number 
5,845 
1,581 

11,  063 
1,802 

21,  500 

Number 
1,340 

907 
1,681 

866 

Number 

1,016 

674 

674 

143 

Number 
1,169 

790  5 

1927-28. 

1  3,420 

726 

106 

380 

1,  229.  2 
600.6 

I  6,742 

374.5 

826.9 

Summary 

12,  026 

726 

106 

375.8 

41,791 

1,681 

143 

92S  7 

GROUP  B.— ADULTS  DEVELOPED  IxV  THE  FIELD,  THE.NT  CAGED  L\  THE  GREENHOUSE 


Indi- 
viduals 

ob- 
served 

Date  of  emergence 

Preoviposition  period 

Eggs  laid  first  season 

Season 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

Total 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

1926-27 

1    J 

[      3  25 

June,  1926 

do     

41 
40 

31 
40 

36 
40 

1,303 

67 

1,764 

2,117 

398 

5,677 

650 
67 

306 
67 

434.3 
67 

252 

1927-28- 

June,  1927 

---    do 

37 
34 

28 

33 
34 

538 
398 

170 
0 

302.4 
199 

227 

Summary.   .. 

45 

41 

28 

34.4 

11,  326 

650 

0 

251.7 

'  Of  these  adults,  8  died  at  the  end  of  the  first  sea.son  and  18  of  them  oviposited  the  second  season. 
2  These  adults  were  collected  in  the  nursery,  June  25,  1926,  and  caged  together. 

'  Of  these  adults  which  were  collected  in  the  nursery,  June  25,  1927,  13  died  at  the  end  of  the  first  season 
and  12  oviposited  the  second  season. 
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Table  9. — Oviposition  records  of  Brachyrhinus  sulcatus  in  the  greenhouse  at  Willow 
Grove,  Pa.,  during  the  seasons  1926-1928 — Continued 

GROUP  B— ADULTS  DEVELOPED  IN  THE   FIELD,  THEN  CAGED  IN  THE   GREEN- 
HOUSE—Continued 


Se^ison 

Eggs  laid  second  season 

Eggs  laid  both  seasons  by  all 
adults 

Total 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

Total 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

1926-27..- 

Number 
[  1,984 

Number 
813 

Number 

478 

Number 
661.3 

Nuinber 

3,  287 

67 

4,533 

6,507 

398 

15,  218 

Number 
1,160 
67 

Number 
999 
67 

Number 
1,  095.  3 
67 

1  2,769 
J  4,390 

395.5 
627.1 

647  6 

1927-28 

929 

310 

1,099 
398 

667 
0 

929.6 
199 

1  9,  541 

795.1 

608.7 

Summary 

18,  684 

929 

310 

644.3 

30, 010 

1,160 

0 

666.9 

Table  10. — Records  of  adult  life  of  Brachyrhinus  sulcatus  in  the  greenhouse  at 
Willow  Grove,  Pa.,  during  the  seasons  1926-1928 

GROUP  A.— ADULTS  DEVELOPED  ENTIRELY  IN  THE  GREENHOUSE 


Indi- 
viduals 

ob- 
served 

Date  of  emergence 

Age  of  adults  at  death 

Season 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age 

1926-27...   

Number 

/         5 
I         2 
9 
i          3 
I       26 

February,  1926 .    . 

Days 
640 
257 
628 
254 
671 

Day  a 
427 
169 
414 
164 
39 

Days 

550 

do 

213 

February,  1927. 

531 

1927-28 

March,  1927 

223  6 

do 

390.6 

Summary 

45 

671 

39 

417  58 

GROUP  B.— ADULTS  DEVELOPED  IN  THE  FIELD,  THEN  CAGED  IN  THE 

GREENHOUSE 


1926-27 

f 
I 
/ 
I 

3 
1 

7 
2 

June,  1926 

504 

344 

423.6 

do 

103 

1927-28 

June,  1927 

470 
156 

281 
34 

378.7 

do  . 

95 

Summary 

13 

504 

34 

324  2 

The  adults  emerging  in  the  greenhouse  earh'  in  the  spring  oviposited 
over  a  longer  period  and  laid  an  average  of  6G1.4  eggs,  as  compared 
with  the  average  of  251.7  eggs  laid  by  the  adults  emerging  outside  in 
June.  During  the  second  season  the  latter  group  deposited  an  average 
of  644.3  eggs,  while  the  former  averaged  only  375.8  eggs  per  individual. 
However,  the  adults  developing  inside  averaged  928.7  eggs,  as  com- 
pared with  666.9  eggs,  the  average  laid  by  the  other  group.  The 
greatest  number  of  eggs  laid  by  one  individual  was  1,681. 

The  cessation  of  egg  laying  and  the  state  of  inactivity  assumed  by 
the  adults  confined  in  the  greenhouse  at  about  the  same  time  that  the 
adults  outdoors  enter  hibernation  seem  to  indicate  a  seasonal  cyclic 
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phenomenon  independent  of  the  temperature.  The  period  of  inac- 
tivity in  the  greenhouse,  though  short,  is  of  such  length  that  in  the 
three  years'  study  eggs  were  never  laid  in  November,  the  only  month 
of  the  year  in  which  oviposition  did  not  occur.  In  commercial  green- 
houses, the  adults  disappear  in  September,  and  none  are  present  to 
deposit  eggs  until  January,  when  adults  emerge  from  the  infested 
soil.  It  is  thus  shown  that  the  adults  may  oviposit  through  two  full 
seasons,  both  in  the  greenhouse  and  out  of  doors.  Table  1 1  shows  the 
life  span  of  10  individuals  followed  from  the  time  the  egg  was  laid  to 
the  death  of  the  adult. 

Table  11. — Summary  of  life  span   of  10  isolated  individuals   of  Brachyrhinus 
sulcaius  in  the  greenhouse,  Willow  Grove,  Pa.,  1926-1928 


Individual  No. 

Egg  was 
laid 

Egg 
hatched 

Larva 
matured 

Pupa- 
tion 

Adult 
emerged 

Adult  died 

Total 
lifespan 

G127 _  .       _ 

1926 
May    6 
July     8 
July   28 

--.do-... 

Aug.     1 
Aug.    15 
July   28 
--do-..- 
Aug.     1 
July   28 

1926 
May  21 
July   22 
Aug.   13 
Aug.    14 
Aug.    16 
Sept.    1 
Aug.   13 
Aug.   12 
Aug.    16 
Aug.    12 

1926 
Aug.   28 
Nov.    5 
Nov.  14 

.--do 

Nov.  18 
Dec.     5 
Nov.  18 
Nov.  14 
Nov.  2.'S 
Nov.  14 

1927 
Jan.    16 
Jan.    20 
Feb.   18 
Feb.     1 
Jan.    28 
Feb.   21 
Jan.    31 
Feb.     3 
---do...- 
Feb.     4 

1927 
Feb.   18 
Feb.   23 
Mar.    2 

-..do...- 

Mar.    4 
Mar.  28 
Mar.    6 
Mar.    9 
Mar.    8 
Mar.  10 

July   31,1928 
Apr.   13,1928 
Aug.   21, 1928 
Oct.    12,1928 
Mar.    9,1928 
Sept.    8,1927 
Nov.  16, 1927 
Oct.    21,1928 
Nov.  16,1927 
June   13,1928 

Days 

817 

G227 

G327 

645 

755 

G427 

G527 

807 
586 

G627 

389 

G727. 

G927 

G1027 

G1227 

478 
816 
472 
686 

Table  12  summarizes  the  development  of  B.  sulcatus  in  the  green- 
house during  the  spring  and  early  summer  of  1928.  The  larvae,  as 
hatched,  were  placed  in  pots  containing  fairy  primroses.  As  the 
plants  declined  from  the  efi'ects  of  feeding,  the  insects  were  transferred 
to  new  uninfested  plants.  At  the  approach  of  maturity  some  of  the 
larvae  were  examined  every  two  days,  and  those  which  had  com- 
pleted feeding  were  transferred  to  soil  in  pots  without  plants,  where 
they  formed  the  pupal  cells.  Usually,  these  were  not  disturbed  fur- 
ther until  the  time  of  pupation,  a  month  later.  Others  w^ere  not 
examined  at  all,  but  records  of  adult  emergence  were  kept.  In  this 
series  one  larva  completed  growth  in  72  days,  spent  21  days  as  a 
prepupa,  15  days  as  a  pupa,  and  8  days  as  an  unemerged  adult,  a  total 
developmental  period  of  116  days. 

Table  12. — Development  of  Brachyrhinus  sulcatus  in  the  greenhouse  during  1928, 

Willow  Grove,  Pa. 


Lot  No. 


Eggs 
hatched 


Jan. 
Feb. 
Feb. 
Mar. 


Mar.  20 


Average.-. 

Ma.ximum- 
Minimum- 


Cells  were  formed 


Apr.  8-16 

Apr.  25-29 

May  9-16 

May  19-23 

May  31-June  5. 


Average 
period  of 

larval 
develop- 
ment 


Days 

7.T 

78 
79 

80.7 
74 
177.8 
82 
72 


Adults  emerged 


June  10-Julv  1 
June  22-July  8 
June  19-July  9 

July  8-17 

July  14-18 


Average 

total 
period  of 
develop- 
ment 


Days 

146 

143 

131 

133 

117 
2 134.  7 

155.0 

116.0 


'Only  32  insects  were  examined  for  the  period  in  this  stage. 
2  For  48  adults. 
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During  1926  and  1927  attempts  to  rear  the  insects  in  the  hot  summer 
months  tnrough  the  prepupal  and  pupal  stages  to  adults  were  unsuc- 
cessful, the  larvae  dying  in  the  prepupal  stage.  The  mortality  in  this 
stage  exceeded  60  per  cent  in  the  summer  of  1928,  but  the  remainder 
were  successfully  reared,  probably  because  they  were  not  disturbed 
during  this  stage.  Figure  14  shows  the  soil-temperature  range  corre- 
lated with  the  period  of  development  of  this  series.  From  this  figure 
it  can  be  seen  that  an  increase  in  the  soil  temperature  little  affected 
the  development  of  the  larvae,  but  shortened  markedly  the  prepupal 
and  pupal  stages. 

Although  larvae  were  reared,  as  hatched,  throughout  the  three 
seasons,  the  mortality  of  larvae  maturing  during  the  hot  summer 
months  was  100  per  cent.     (Table  13.)     Larvae  maturing  late  in 
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Figure  14.— The  effect  of  soil  temperature  on  the  developmental  stages  of  Brachyrhinus  sulcatus 
at  Willow  Grove,  Pa.,  1928:  A,  Dates  of  hatching;  B,  dates  of  maturity;  C,  dates  of  emergence 
of  the  adults;  D,  temperature.  The  line  A  connects  the  records  of  hatching  of  five  lots  of  larvae 
on  January  25,  February  9,  24,  and  29,  and  March  18.  These  same  larvae  matured  on  April  12 
and  26,May  13  and  19,  and  June  2,  respectively,  the  practically  constant  distance  apart  of  the 
lines  A  and  B  indicating  that  the  larval  period  was  not  affected  by  the  rise  of  the  temperature. 
The  space  between  the  lines  B  and  C,  however,  narrows  considerably  on  approaching  the  rec- 
ords for  lot  5,  showing  that  the  prepupal  and  pupal  stages  were  shortened  under  the  influence 
of  the  higher  temperature  experienced  by  that  lot 

August  and  duiing  the  remainder  of  the  fall  were  successfully  reared. 
It  is  evident  that  a  cool  soil  is  favorable  to  the  insect  in  the  prepupal 
stage. 

Table  13. — Comparison  of  mortality  of  larvae  of  Brachyrhinus  sulcatus  in  the  pre- 
pupal stage  at  various  seasons,  Willow  Grove,  Pa.,  1926-1928 
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Lot  No. 


1'- 
3.. 


Time  of  prepupal  period 


January-March 

do , 

Late  June-August. 


Average 

soil  tem- 

Larvae 

I)erature 

m  pre- 

Adults 

during 

pupal 

emerged 

prepupal 

cells 

period 

"F. 

Number 

Number 

61 

242 

165 

61 

208 

186 

82 

348 

0 

Mortality 
in  stage 


Per  cent 
31.82 
10.68 
100.0 


■  Placed  in  artificial  cells. 


'  Not  disturbed  after  forming  cells. 
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NATURAL  ENEMIES 

Feytaud.  {15)  stated  that  the  mole  ate  both  larvae  and  adults,  of 
the  black  vine  wee\dl,  but  as  it  inhabits  damp  places,  while  the  weevil 
prefers  sandy  areas,  it  is  of  little  value.  The  hedgehog,  he  said, 
eagerly  devours  the  adult  wee\nls;  and  its  dung,  found  in  the  vine- 
yards, was  composed  almost  entirely  of  carapaces  of  tins  weevil.  One 
night  in  July,  1928,  the  author  observed  a  skunk  searching  about  the 
bases  of  yews  in  a  Philadelphia  nursery  where  the  adult  weevils 
averaged  from  10  to  12  on  each  plant.  In  an  adjoining  fence  row 
near  a  skunk  den  was  an  accumulation  of  dung  in  which  147  carapaces^ 
undoubtedly  of  Brachyrhinus  svlcatus,  were  counted.  The  nest  of  a 
deer  mouse  (Peromyscus  leucopus),  found  in  a  stone  pile,  in  September, 
1927,  contained  chewed  portions  of  svlcatus  and  of  May  beetles,  but 
it  was  not  determined  whether  the  insects  were  dead  or  living  when 
eaten. 

Among  the  bird  enemies  of  B.  sulcatus,  Theobald  {50)  listed  the 
titmouse,  flycatcher,  several  warblers,  finches,  and  starlings  in  Great 
Britain.  Godard  {21)  listed  the  stone  chatterers  (Troquet),  larks 
{Alavda  arborea  L.),  and  tufted  lark  {Galerida  cristata  L.)  as  particu- 
larly beneficial  in  the  control  of  adults  of  sulcatus  in  the  vineyards  of 
France.  Ivalmbach  and  Gabrielson  {26)  found  sulcatus  among  the 
weevils  in  the  stomachs  of  starlings  {Sturnus  vulgaris)  in  the  United 
States.  Feytaud  {15)  found  that  poultry,  especially  turkeys,  picked 
up  many  of  the  larvae  exposed  by  plowing  in  the  \dneyards. 

Various  lizards  {Lacerta  viridis  Gesn.,  L.  stirpium  Bon.,  and  Anguis 
jragUis  L.)  were  said  by  Fej^taud  {15)  to  be  of  value  in  the  control  of 
B.  sulcatus.  He  also  said  that  toads,  especially  Bufo  vulgaris,  were 
active  about  the  \dneyards.  In  July,  1928,  the  writer  examined  two 
toads  near  Philadelphia,  Pa.,  whose  stomachs  contained  seven  and  one 
adults  of  sulcatus,  respectively. 

Among  the  insects  Feytaud  {15)  found  carabid  beetles,  Carabus 
auratus  L.,  Feronia  sp.,  and  Poecilus  sp.  attacking  B.  sulcatus  larvae. 
The  staph^dinid  beetle  Ocypus  olens  Mull,  was  another  enemy.  The 
digging  wasp  Cerceris  arenaria  L.  {15)  stored  her  nest  with  adults  of 
sulcatus  after  paralyzing  them.  Blacus  sp.,  a  braconid,  is  said  to 
parasitize  the  adults  {13,  p.  24).  Thiem  {51)  stated  that  a  tacliinid, 
Pandelleia  sexpunctata  Pand.,  parasitized  larvae  and  adults  in  Ger- 
many. In  the  spring  of  1928  carabid  larvae  in  the  writer's  life- 
history  plots  and  in  the  nursery  were  suspected  of  feeding  on  the 
larvae  of  sulcatus.  Two  of  these  larvae  confined  in  pots  of  soil  for  21 
days,  killed  and  partly  ate  14  and  22  sulcatus  larvae,  respectively,  in 
the  third  and  fourth  instars.  These  carabids  were  not  reared  to 
adults.  In  the  laboratory  an  ant  {Formica  sp.)  was  seen  to  carry 
aw^ay  many  eggs  and  first-instar  larvae  of  sulcatus  to  its  nest,  and 
once  a  second-instar  larva  was  carried  away.  Feytaud  {15)  stated  that 
sulcatus  larvae  were  comparatively  free  of  parasites.  The  present 
writer  found  no  insect  parasites  of  any  of  the  stages  in  his  studies. 

Decaux  {8)  was  unsuccessful  in  inoculating  larvae  of  Brachyrhinus 
spp.  with  the  fungi  Entomophthora  plusiae  and  E.  saccharina.  W.  A. 
McCubbin,  of  the  Pennsylvania  Bureau  of  Plant  Industry,  found  a 
species  of  Isaria  in  diseased  larvae  taken  from  Pennsylvania  green- 
houses.   He  believed  that  the  fungus  probably  attacked  onl}^  dead  or 


34 


TECHNICAL  BULLETIN  325,  U.  S. 


DEPT.  OF  AGRICULTURE 


weakened  larvae  and  that  it  was  only  slightly,  if  at  all,  parasitic. 
Larvae  were  also  exajnined  by  Vera  K.  Charles,  of  the  United  States 
Bureau  of  Plant  Industry,  who  found  a  species  of  Fusarium  which  she 
said  might  be  parasitic.  The  writer  has  often  observed  prepupae  and 
pupae  of  B.  sulcatus  which  were  dead  in  their  cells  covered  either 
with  a  felted  mass  of  hyphae  or  with  white  bands  of  hyphae  extending 
out  from  the  body  in  all  directions  among  the  soil  particles.  (Fig.  15.) 
Occasionally  adults  developing  a  similar  fungus  die  before  emergence. 
A  larva  which  lias  had  to  construct  a  second  cell  is  more  subject  to 
fungus  attack  than  others. 

The  larvae  maturing  during  the  period  of  warmer  soil  temperatures 
(70°  to  80°  F.)  die  in  much  greater  numbers  than  do  those  passing  the 
prepupal  stage  Tvith  soil  temperatures  between  55°  and  65°  F.  (Table 
13.)     It  was  not  determined  whether  the  fungi  were  more  virulent  at 

higher  temperatures  and 

killed  the  larvae,  or  wheth- 
er the  latter  were  so  weak- 
ened under  the  warmer 
conditions  that  they  fell 
an  easy  prey  to  these  weak- 
ly' parasitic  fungi.  At  any 
rate  this  factor,  jnay  have 
some  bearing  in  the  deter- 
mination of  the  southern 
range  of  the  species.  With 
longer  seasons  maturity 
would  be  reached  before 
the  soil  cools  with  the  ap- 
proach of  fall,  and  as  a 
result  there  would  be  high 
mortality  in  the  prepupal 


stage. 


CONTROL 


Figure  15.— A  fungus,  Fusarium  syi.  growing  ou  a  prepupaof 
Brachyrhinus  svlcatus,  Willow  Grove,  Pa.,  1928.     X  0.5 


Many  recommendations 
for  control  of  the  black 
vine  weevil  have  evidently 
been  made  without  a  test 
of  the  methods  or  without  a  knowledge  of  the  life  history  and  habits 
of  the  insects.  Recommendations,  both  preventive  and  remedial, 
based  on  the  present  studies,  are  here  given. 

PREVENTIVE  MEASURES  FOR  GREENHOUSE  PRACTICE 

An  understanding  of  the  life  history  of  the  black  vine  weevil  in 
greenhouses  will  readily  indicate  several  points  in  general  greenhouse 
practice  which  may  be  modified  to  reduce  or  eliminate  this  pest. 
(1)  A  thorough  clean-up  sliould  be  made  of  all  host  plants  grown 
through  the  ])reccding  sujnmer  before  adults  emerge  in  Januar}^  or 
February-.  AMien  tliis  is  not  possible  such  plants  should  be  separated 
from  the  younger  i)hints  to  prevent  an  infestation  in  the  next  crop 
frorn  the  migrating  weevils.  The  discarded  plants,  together  with  the 
soil  infested  with  larvae,  should  not  be  allowed  to  remain  on  the  com- 
post heap  or  near  the  greenhouse,  since  adults  would  emerge  from  these 
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and  return  to  the  greenhouse  to  renew  the  infestation.  (2)  Soil  that 
has  once  been  infested  should  not  be  used  again  unless  it  has  been 
sterilized  by  steam,  or  submerged  under  water  for  at  least  eight  days. 
(3)  Outdoor  hosts  should  be  either  eliminated  or  treated  to  destroy 
the  infestation.  (4)  Caution  should  be  exercised  in  purchasing  stock 
to  bring  into  the  greenhouse  only  uninfested  plants. 

BARRIERS,  SCREENS.  AND  TRAPS 

In  the  present  studies,  sticky  barriers,  as  suggested  by  Felt  (,12), 
were  placed  on  greenhouse  benches  in  July  and  August  and  found  to 
be  crossed  in  some  instances  by  the  adults.  The  florists  usually  ob- 
jected to  the  inconvenience  of  such  a  barrier. 

On  one  estate,  cyclamens  grown  during  the  summers  in  a  coldframe 
situated  near  infested  yews  and  rhododendrons,  became  infested  each 
year  until  protected  by  a  well-fitting  screened  frame  constructed  under 
the  direction  of  the  writer.  This  method  is  considered  practicable 
only  for  protecting  small  numbers  of  plants. 

The  use  of  materials  such  as  excelsior,  orchid  peat,  and  small  pieces  of 
board  and  broken  pots  on  the  benches  as  traps,  frequently  advocated, 
attracted  very  few  adults  in  infested  commercial  greenhouses.  The 
adults  avoid  damp  or  wet  situations,  and  the  frequent  watering  of 
plants  during  the  summer  wets  these  trap  materials  and  makes  them 
unattractive. 

REMEDIAL  MEASURES 

DROWNING 

Uninfested  potted  fairy  primroses,  cyclamen,  and  ferns  (N'ephrolepis 
scottii)  were  placed  in  a  vat  of  water  at  depths  just  sufficient  to  cover 
the  soil  surface.  Submersion  for  24  hours  caused  no  apparent  injury, 
but  with  48  hours'  submersion  the  fine  rootlets  died,  and  the  leaves 
yellowed  on  both  cyclamens  and  primroses.  The  ferns  yellowed 
after  72  hours'  submersion. 

To  test  the  effect  of  submersion  on  the  insects,  potted  plants  with 
larvae  of  B.  sulcatus  in  the  third  or  fourth  instar  were  submerged  for 
varying  periods  up  to  72  hours  without  apparent  harm  to  any  of  the 
larvae.  Thirty  per  cent  of  the  larvae  were  dead  after  96  hours  of 
submersion,  72  per  cent  after  6  days,  and  100  per  cent  after  8  days. 
As  the  plants  are  injured  by  a  much  shorter  submersion  than  is  re- 
quired to  kill  tlie  larvae,  this  method,  which  had  been  advocated  by 
Kemner  (27),  can  not  be  recommended  for  use  in  greenhouses. 

Crowley  (7)  recommends  winter  flooding  of  cranberry  bogs  in 
Washington  State  for  the  control  of  the  larvae;  Fe34aud  (15)  recom- 
mends similar  treatment  for  vineyards.  The  dormant  plants  would 
be  much  more  tolerant  of  flooding  than  would  the  tender,  growing, 
greenhouse  plants. 

INSECTICIDES  FOR  CONTROL  OF  LARVAE 

Since  larvae  destroy  the  subterranean  parts  of  the  host  plants, 
whereas  the  adults  attack  the  aerial  portions,  different  control  methods 
must  be  employed  against  the  two  stages  of  the  insect. 

Many  authors  have  suggested  methods  of  control,  especially  against 
the  partly  or  nearly  grown  larvae.  Tliis  is  natural  since  the  insect  is 
usually  not  observed  in  the  adult  stage,  and  the  larvae  do  not  produce 
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conspicuous  injury  until  the  fourth  or  fifth  instar.  In  the  present 
studies  nearly  all  of  these  suggested  methods  have  been  tested,  and 
the  results,  though  usually  negative,  have  been  briefly  summarized. 

The  following  materials  were  made  up  in  varying  concentrations, 
and  sufficient  quantities  to  just  saturate  the  soil  in  the  pot  were 
added  to  each  plant:  Nicotine  sulphate,  free  nicotine  solution  (soap 
and  tobacco  {12)),  kerosene  emulsion  (48),  kerosene-nicotine  oleate, 
nicotine  oleate,  liquid  extract  of  derris,  pyridine,  beech-wood  creosote, 
coal-tar  creosote  (12),  potassium  thiocarbonate  (35),  sodium  cj^anide 
solution  (7),  carbolic  acid  emulsion  (4S,  49),  and  calcium  cyanide 
mixed  with  the  topsoil  (41).  All  these  killed  primroses  and  cyclamens 
without  harming  the  third  and  fourth  instar  larvae. 

Tobacco  stem  mulch  (54)  was  found  ineffective  against  larvae  or 
eggs  and  was  considered  impractical  of  application  in  the  greenhouse. 
Flake  naphthalene  (21,  34)  mixed  with  potting  soil  in  varying  quanti- 
ties up  to  8  ounces  per  bushel  of  soil  was  found  ineffective  against 
newly  hatched  larvae  introduced  30  days  after  the  plants  had  been 
potted  in  the  treated  soil.  The  naphthalene  had  very  likely  vaporized 
before  the  introduction  of  the  larvae;  therefore  this  material  would 
not  be  effective  against  larvae  over  the  usual  2}^  month  o\'iposition 
period  of  the  adults  during  the  summer.  Naphthalene,  introduced 
into  holes  made  about  the  crowns  of  infested  plants,  was  also  in- 
effective against  larvae  in  the  third  instar.  Finely  pulverized  paradi- 
chlorobenzene  applied  about  the  crowns  of  plants  and  covered  vdth 
soil,  killed  all  larvae  in  4-inch  pots  when  applied  at  the  rate  of  one- 
fourth  gram  per  pot.  No  injury  to  cyclamens  was  observed  when  it 
was  applied  at  rates  up  to  a  three-fourths  of  a  gram  per  pot.  This 
method  of  application,  although  encouraging  in  results,  probably 
would  not  be  practicable  commercially  because  of  the  care  and  time 
required.  This  material  dissolved  in  70  per  cent  ethyl  alcohol  or  in 
gasoline  was  very  toxic  when  applied  in  smaller  dosages.  The  applica- 
tion of  carbon  disulphide,  mth  a  pipette,  into  holes  about  the  crowns 
of  plants  was  found  to  be  unsuccessful,  as  Swaine  (48)  and  Gibson 
and  Ross  (20)  had  also  found  it.  Carbon  disulphide  emulsion,  even 
when  applied  at  much  greater  concentrations  than  were  recommended 
for  the  Japanese  beetle  (29),  gave  inconsistent  results  and  no  control 
at  concentrations  tolerated  by  the  host  plants.  In  the  nursery,  one 
series  of  tests  on  level,  fairly  dry  soil  at  a  temperature  of  52°  F.  was 
made  with  carbon-disulphide  emulsion,  as  suggested  b}^  Britton  and 
Zappe  (6,  J).  163),  but  the  result  was  onlv  40.9  per  cent  control  of 
third-instar  larvae. 

Lead  Arsenate  Treated  Soil 

The  results  of  the  use  of  lead  arsenate  against  Japanese  beetle 
larvae  (Popillia  japonica  Newm.)  in  the  soil,  as  recommended  by 
Leach  and  Lipp  (30)  suggested  tests  which  were  made  with  a  view 
to  controlling  the  larvae  of  BrachyrJiinus  sulcatus  in  the  greenhouse 
and  nursery  and  noting  the  effect  on  the  host  plants. 

FOR    POTTI.MG    GREENHOUSE    PLANTS 

The  study  of  the  life  habits  of  B.  fivlcofiis  under  greenhouse  condi- 
tions showed  that  iiifcstatiou  noi'inally  takes  place  during  the  ovipo- 
sition  period,  between  early  in  July  and  early  in  September.  The 
florist  usually  repots  his  cyclamen  ])lants  in  Alay  or  June,  and  again 
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for  the  last  time  in  August,  when  he  is  preparing  his  crop  for  sale  the 
following  Christmas.  Since  for  this  purpose  the  florist  mixes  together 
definite  quantities  of  composted  soil,  leaf  mold,  sand,  or  sifted  ashes 
it  was  considered  that  powdered  lead  arsenate,  in  determined  propor- 
tions could  be  added  to  these  ingredients  at  the  time  of  mixing. 

In  the  laboratory  tests,  lots  of  uninfested  host  plants  were  grown 
in  soil  containing  known  quantities  of  lead  arsenate.  As  soon  as 
rootlets  appeared  on  the  outside  of  the  ball  of  soil,  as  observed  when 
the  plant  is  knocked  out  of  the  pot,  newly  hatched  larvae  were  placed 
between  the  soil  particles  among  these  rootlets  with  a  camel's-hair 
brush.  The  plant  was  then  carefully  replaced  in  the  pot  and  labelled. 
At  the  end  of  two  or  three  months,  if  the  larvae  survived  they  were 
nearly  o;rown  and  could  be  easily  found,  and  the  results  of  the  tests 
recorded.     (Table  14.) 

Table  14. — Data  of  tests  with  powdered  lead  arsenate  as  a  soil  insecticide  for  green- 
house use  against  the  larvae  of  Brachyrhinus  sulcalus  at  Willow  Grove,  Pa.,  1926- 
1928 


Treatment     bounces 

Larvae 
intro- 
duced 

Pots  in 
test 

Results 

of  lead  arsenate  per 
bushel  of  soil) 

Pots  un- 
infested 

Pots  in- 
fested 

Larvae  recovered 

Plants  destroyed 

Check,  no  lead  arse- 
nate  

Number 

2,584 

101 

269 

1,735 

3,566 

3,645 

1,137 

420 

Number 

258 

9 

21 

111 

269 

273 

112 

40 

Number 

15 

0 

7 

95 

265 

273 

112 

40 

Number 

243 

9 

14 

36 

4 

0 

0 

0 

Number 

1,318 

26 

48 

95 

4 

0 

0 

0 

Per  cent 
51.0 
25.74 
17.84 
5.47 
.  11 
0 
0 
0 

Number 

227 

9 

14 

27 

0 

0 

0 

0 

Per  cent 
87.98 

\i 

100.0 

Vi            ... 

66.7 

1^      

24.32 

1 

0 

2.. 

0 

4              

0 

8 

0 

The  primroses  (Primula  malacoides  and  P.  obconica),  ferns  {Neyh- 
rolepis  var.  scottii  and  A^.  var.  i^erona),  and  cyclamen,  transplanted  to 
the  treated  soil  grew  as  vigorously  as  similar  lots  growing  in  untreated 
soil.  The  cyclamen  plants  were  tested  in  soil  containing  various 
proportions  of  lead  arsenate,  with  a  maximum  of  8  ounces  per  bushel, 
and  exhibited  no  apparent  difference  from  the  checks.  Fairy  prim- 
roses tested  in  soil  containing  16  ounces  of  lead  arsenate  per  bushel 
of  soil  had  a  slightly  more  glistening  foliage  than  the  checks,  but  this 
did  not  detract  from  the  appearance  of  the  plants.  The  most  strik- 
ing difference  between  the  plants  was  the  blooming  of  the  treated 
ones  three  weeks  before  the  check  plants.  The  roots  of  Cuphea 
ignea  and  of  geraniums,  however,  were  killed  by  this  treatment. 

In  June,  1927,  a  florist  potted  two  lots  of  100  cyclamens  each  with 
his  regular  potting  soil  in  which  the  writer  had  also  mixed  powdered 
lead  arsenate  in  the  proportion  of  2  and  4  ounces,  respectively,  per 
bushel.  Both  lots  of  plants  developed  through  the  summer  with 
the  checks — the  remainder  of  the  crop — and  were  among  the  first  to 
bloom  in  early  November.  Upon  visiting  the  greenhouse  on  Novern- 
ber  25,  the  author  found  that  the  florist  had  met  the  demand  of  his 
trade  by  picking  out  the  plants  in  full  bloom.  The  writer  found 
that  only  3  of  the  200  plants  with  the  treated  soil  remained,  but  that 
fully  three-fourths  of  the  checks  remained  unsold. 
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This  florist  grew  his  entire  1928  crop  of  2,000  plants  successfully 
in  soil  containing  2  ounces  of  lead  arsenate  per  bushel.  Only  2  plants 
were  lost  through  larval  injurj^  by  Brachyrhinus  sulcatus  whereas 
theretofore  the  losses  had  averaged  150  to  300  plants  annually. 

The  above  tests  show  that  the  use  of  soil  containing  lead  arsenate 
appears  to  be  safe  for  repotting  cj^clamens  and  primroses  which  are 
being  transferred  from  2-inch  or  3-inch  pots  to  larger  ones.  In 
repotting,  the  practice  of  removing  the  surface  layer  of  the  soil  about 
the  crown  of  the  plant,  before  placing  it  in  the  larger  pot,  should  be 
followed.  This  is  a  usual  procedure  with  many  florists,  as  the  hard- 
ened surface  layer, 
often  incnisted  with  al- 
gae, can  then  be  re- 
placed with  fresh  soil. 
When  treated  soil  is 
used  for  control  of  lar- 
vae of  B.  sulcatus,  ac- 
cording to  the  potting 
methods  just  d  e  - 
scribed,  a  layer  of  poi- 
soned soil  is  presented 
to  the  young  larvae  as 
it  attempts  to  pene- 
trate to  the  roots. 

From  the  detailed 
laboratory  tests  con- 
ducted over  a  period 
of  three  3'ears  and  sum- 
marized in  Table  14 
and  Figure  16  the  con- 
clusion may  be  drawn 
that  eft'ective  control 
of  the  larvae  of  the 
black  vine  weevil  is  not 
obtained  by  using  the 
proportion  of  one-half 
ounce  or  less  of  lead 
arsenate  per  bushel. 
The  proportion  of  1  or 
2  ounces  per  bushel  will 
insure  practically  complete  protection  from  the  larvae  if  the  poison 
and  soil  have  been  thoroughly  mixed.  This  latter  precaution  can 
not  be  overemphasized  since  the  larvae,  to  be  poisoned,  must  ingest 
some  of  the  lead  arsenate. 
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Figure  16. — The  effect  of  varying  quantities  of  lead  arsenate  in  the 
potting  soil  upon  the  larvae  of  Brachyrhinus  sulcatus  and  the  per- 
centage ot  plants  destroyed  by  the  insects,  Willow  Grove,  Pa., 
1926-1928:  A,  Percentage  of  larvae  surviving;  B,  percentage  of 
plants  destroyed 


FOR  OUTDOOR  INFESTATIONS 

To  determine  the  quantity  of  lead  arsenate  necessary  to  control 
B.  sulcatus  larvae  in  the  field,  duplicate  plots  were  treated  with  lead 
arsenate  in  proportions  of  500,  1,000,  and  1,500  pounds,  respectively, 
per  acre.  The  first  4  inches  of  surface  soil  was  thoroughh^  mixed  with 
the  lead  arsenate.  All  plots  were  planted  with  fairy  primroses  and 
sheep  sorrel.  Newly  iiatched  larvae  of  B.  sulcatus  were  placed  at  the 
base  of  each  plant  between  August  1  and  20,  1927,  at  the  rate  of  ISO 
per  square  yard.  Examination  of  the  plots  on  April  3,  1928,  revealed 
the  results  shown  in  Table  15. 
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Table  15. — Results  of  tests  ivith  lead-arsennte-treated  soil  in  the  field  against  larvae 
of  Brachyrhinus  sulcatus  at  Willow  Grove,  Pa..,  1927-2S 


Plot  No. 


1 
2 
3 
4 


Lead 
arsenate 
per  acre 


Pounds 

(') 

500 
1,000 
1,500 


Larvae 
intro- 
duced per 
2  square 

yards 

Aug.  1-20, 

1927 


Number 
360 
360 
360 
360 


Larvae 

found 

Apr.  3, 

1928 


Number 

56 

6 

0 

0 


Plot  No. 


5 
6 


Larvae 

intro- 

Lead 

duced  per 

arsenate 

2  square 

per  acre 

yards 

Aug.  1-20, 

1927 

Pounds 

Number 

(') 

360 

1,500 

360 

1,000 

360 

500 

360 

Larvae 

found 

Apr.  3, 

1928 


Number 

73 

0 

0 

4 


1  Check,  no  poison. 


CONTROL  EXPERIMENTS  WITH  ADULTS 


Feytaud  (16)  and  Miles  (34)  reported  on  the  use  of  lead  arsenate 
sprays  for  control  of  adults  of  Brachyrhinus  sulcatus.  In  the  United 
States  the  first  satisfactoiy  control  of  the  adults  of  the  strawberr^^ 
root  weevil  {B.  ovatus)  was  obtained  by  applying  a  bait  (33)  consisting 
of  95  pounds  of  apple  pomace  dried  to  about  20  per  cent  moisture 
content  and  coated  with  5  pounds  of  magnesium  arsenate,  zinc 
arsenite,  or  calcium  arsenate.  Mote  and  Wilcox  (36)  stated  that  a 
poisoned  bran  bait  was  as  efficient  as  the  dried-apple  bait  in  the  con- 
trol of  B.  ovatus  and  B.  rugosostriatus.^  Their  experiments  showed 
that  the  attractive  quality  was  sweetness,  which  led  to  the  develop- 
ment of  the  following  formula : 

Bran 5  pounds 

Molasses 1  pint 

Calcium  arsenate 4  ounces 

Water 2  quarts 

They  reported  that  93.93  per  cent  of  the  weevils  were  killed  with  this 
material  as  compared  with.  85.33  per  cent  with  the  apple  bait. 

The  writer  made  several  tests  early  in  July  before  oviposition  began 
with  both  baits  in  cages  and  on  a  screened  bench  in  a  greenhouse 
against  known  numbers  of  B.  sulcatus.  The  mortality  averaged  96.3 
per  cent  of  314  adults  with  the  apple  bait,  and  97.1  per  cent  of  340 
adults  with  the  poisoned  bran  bait  in  parallel  tests.  It  was  evident 
that  the  bran  bait,  especially,  was  attractive  only  while  moist.  There- 
fore baits  applied  in  the  evening  gave  better  results  than  those  applied 
in  the  morning  and  allowed  to  dry  during  the  day.  Watering  of  the 
plants  after  application  or  before  the  adults  had  been  exposed  over- 
night to  the  material  reduced  the  percentage  of  kill. 

Two  dusts,  one  a  mixture  of  equal  parts  of  calcium  arsenate  and 
hydrated  lime,  and  the  other  pure  sodium  fluosilicate ;  and  a  lead 
arsenate  spray,  as  used  by  Mote  and  Wilcox  (36),  also  gave  encourag- 
ing results  in  cage  tests  against  B.  sulcatus  when  used  by  the  writer. 

No  greenhouse  was  found  in  which  adults  were  numerous  enough 
to  enable  a  test  to  be  made  on  a  commercial  scale,  but  a  moderately 
heavy  infestation  of  the  yew  (T.  cuspidata)  offered  an  opportunity  to 
test  the  materials  (baits,  dusts,  and  sprays)  under  nursery  conditions. 
About  one-third  of  the  yew  block  was  used  in  making  the  first  test 
(Table  16,  series  A),  and  the  remainder  was  used  for  the  second  series 


6  Mote  and  Wilcox  used  the  name  rugifrons  under  the  supposition  that  this  and  the  European  species 
were  the  same. 
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of  tests  (B  of  the  same  table).  The  spray  was  applied  to  these  plants 
in  the  afternoon,  and  the  dusts  and  baits  were  applied  at  dusk  during 
fair  weather.  The  nurseryman  objected  to  the  foliage  stain  caused 
by  the  lead  arsenate  spray  and  to  the  burning  caused  by  the  sodium 
fluosilicate,  so  these  two  materials  were  not  applied  in  the  second 
tests. 


"Table  16. — Summary  oj  tp-sts  to  control  Brachyrhinus  sulcatus  on  Taxus,  Chestnut 

Hill,  Pa.,  1928 


Series 

ISiaterial 

Date  of 
applica- 
tion 

Date  ex- 
amined 

Adults 
dead 

Adults 
living 

Adults 
killed 

[Bran  bait .__  _. 

July  18 
do 

July   24 
do 

Number 

53 

68 

288 

87 

87 

2 

148 

64 

157 

2 

Number 
9 
45 
54 
68 
21 

191 
34 
53 
10 

153 

Per  cent 
85.48 

Apple  bait 

60  18 

A 

Calcium  arsenate-hydrated  lime  dust 

Lead  arsenate  spray,  3  pounds  to  50  gallons. 
Sodium.fluosilicate  dast  . 

-.do 

..-do--.- 
do 

-.do 

--.do 

do 

84.21 
56.13 
80  56 

Check 

.-do 

do 

1.04 

Bran  bait     . 

July   26 
do 

Aug.    4 
do 

81  32 

B 

Apple  bait 

54  70 

Calcium  arsenate-hydrated  lime  dust 

Check--   

---do 

do 

---do 

do 

94.01 
1  29 

These  tests,  made  on  y&w  plants  from  3  to  4  feet  in  height  with  their 
very  fine  needles,  presented  conditions  less  favorable  for  good  results 
than  did  the  strawberry  plants  used  by  Mote  and  Wilco.x  in  tests 
against  other  species  of  Brachyrhinus.  The  results  were  very  en- 
couraging, however,  and  indicated  that  the  calcium  arsenate-hydrated 
lime  dust  or  the  poisoned  bran  bait  decidedly  reduced  the  numbers  of 
adult  B.  sulcatus  in  the  nursery.  The  greater  efficiency  of  the  bran 
than  of  the  apple  bait  was  doubtless  due  to  the  former  adhering  to 
the  foliage  and  lodging  among  the  branches  in  much  greater  quanti- 
ties than  did  the  latter.  Those  weevils  hiding  in  the  trash  among  the 
branches  or  under  loose  bark  did  not  come  in  contact  with  the  apple 
bait  which  dropped  to  the  ground ;  hence  smaller  numbers  were  poisoned. 
The  bran  bait  may  also  be  used  inside  and  outside  the  greenhouse 
during  the  early  part  of  July  to  kill  the  adults  just  before  oviposition 
begins.  If  the  material  is  applied  only  inside,  adults  from  outside 
will  later  enter  the  greenhouse  and  oviposit.  Because  of  the  possible 
injury  arising  from  the  use  of  dusts  or  sprays,  florists  and  nurserymen 
will  doubtless  prefer  the  bran  bait  for  the  control  of  adults  of  B. 
sulcatus. 

SUMMARY 

The  black  \Hine  weevil,  Brachyrhinus  sulcatus,  has  been  found 
frecjucntly  in  greenhouses  and  nurseries  in  southeastern  Pennsylvania 
and  has  often  been  recorded  as  doing  damage  to  crops  in  North  America, 
Europe,  and  Australia.  A  revicvv  of  the  literature  of  tliis  pest  shows 
52  recorded  host  plants,  and  to  this  number  25  new  ones  have  been 
added  as  a  result  of  the  present  studies. 

The  adults  devour  foliage  or  flowers  by  eating  from  the  margins. 
They  also  notch  petioles  and  girdle  shoots,  which  die  beyond  the  point 
of  girdling,  the  new  growth  producing  a  witclis'-broom  effect.  The 
young  larvae  feed  on  the  rootlets.  The  more  mature  ones  cut  off 
the  larger  roots  and  gouge  out  the  crowns  of  herbaceous  plants,  or 
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girdle  the  roots  of  woody  plants.     Injury  caused  by  larvae,  although 
often  less  conspicuous,  is  more  severe  than  that  caused  by  the  adults. 

The  eggs  are  usually  dropped  by  the  adult  wherever  she  may  be, 
but  sometimes  they  are  apparently  placed  in  the  soil  or  plant  crevices. 
The  incubation  period  averages  15  days,  with  extremes  of  11  and  22 
days. 

The  larva  molts  five  or  six  times  during  its  development  in  the  soil, 
and  the  normal  period  of  development  ranges  from  72  to  113  days, 
though  cold  weather  may  interrupt  development  during  the  winter. 
The  mature  larva  forms  a  cell  in  the  soil  and  enters  the  prepupal 
stage  which  lasts  from  three  weeks  to  eight  and  one-half  months, 
depending  upon  the  tempera^ture. 

The  pupal  stage  ranges  from  15  to  22  days  with  an  average  of  18 
days. 

The  adult  spends  an  average  of  8  days,  with  extremes  of  4  and  17 
days,  in  the  cell  before  emerging.  During  this  time  the  body  fully 
hardens  and  darkens  in  color.  Adults  feed  at  night  on  foliage  or 
flowers  and  hide  during  the  day.  The  preoviposition  period  ranges 
from  4  to  10  weeks. 

In  the  greenhouse  isolated  adults  laid  an  average  of  661.4  eggs  the 
first  season  and  374.8  eggs  the  second.  The  maximum  number  of 
eggs  laid  by  one  adult  for  two  seasons  was  1,681.  The  adult  life  of 
one  weevil  was  671  days;  its  age  from  egg  to  death  of  adult,  816  days. 
In  the  greenhouse  weevils  oviposit  during  July  and  August,  and  the 
larvae  mature  from  October  to  December.  These  develop  into  adults 
from  January  to  March  and  oviposit  during  the  succeeding  summer 
on  the  next  crop  of  plants. 

Out  of  doors,  B.  sulcatus  passes  the  winter  in  the  nearly  full-grown 
larval,  prepupal,  or,  less  frequently,  adult  stage.  In  some  years  the 
larvae  complete  development  before  fall,  but  in  most  years  a  greater 
part  of  the  larvae  hibernate  before  completing  growth.  These 
immature  larvae  complete  feeding  early  in  the  spring  and  pupate  with 
overwintering  prepupae  in  May  or  June.  Adults  emerge  in  June  or 
July,  oviposit  during  July  and  August,  and  go  into  liibernation  in 
September,  most  of  them  dying,  however,  before  spring.  The  few 
adults  hibernating  successfully  emerge  in  May  and  oviposit -through 
the  second  summer.  The  eggs  laid  early  hatch  to  larvae  which  ma- 
ture in  the  fall  and  spend  the  winter  as  prepupae.  Out  of  doors  adults 
laid  up  to  488  eggs  during  the  first  season  with  an  average  of  216.1. 
One  adult  deposited  863  eggs  in  two  seasons.  The  number  of  eggs 
laid  varied  with  the  species  of  host  plant  fed  upon. 

There  is,  then,  one  annual  generation,  but  there  is  also  a  partial 
overlapping  of  adults  of  the  main  generation  with  the  few  hibernating 
adults  from  the  preceding  one. 

Reproduction  in  six  generations  was  entirely  by  parthenogenesis; 
no  males  were  found  during  the  course  of  these  studies. 

No  true  parasites  were  found  in  these  studies,  but  larvae  were  killed 
by  the  larvae  of  a  carabid  beetle,  by  an  ant,  Formica  sp.,  and  by  two 
fungi,  Isaria  sp.  and  Fusarium  sp.  Skunks,  mice,  and  toads  were 
found  to  eat  the  adults. 

As  a  result  of  life-history  studies  and  control  experiments,  the  fol- 
lowing recommendations  for  control  are  given: 

(1)  Preventive  measures.  Remove  all  infested  plants  from  the 
greenhouse  before  the  emergence  of  the  adults.     Dispose  of  the  soil 
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from  all  greenhouse  plants  which  have  been  destroyed  by  the  weevil 
larvae  in  such  a  way  that  the  latter  can  not  mature  to  adults  and 
reinfest  the  succeeding  crops.  Sterilization  by  steam  or  prolonged 
submersion  in  water  should  be  resorted  to  if  the  soil  is  to  be  used 
again.  Otherwise  the  soil  should  be  dumped  at  some  distance  from 
the  greenhouse.  Eliminate,  as  far  as  practicable,  all  outdoor  hosts 
about  the  greenhouse.  Erect  barriers  or  screen  the  plants  during 
July  and  August  to  prevent  the  entrance  of  adults. 

(2)  Remedial  measures.  To  control  the  larvae  thoroughly  mix 
lead  arsenate  in  the  potting  soil  at  the  rate  of  1  or  2  ounces  per  bushel. 
The  larvae  are  then  poisoned  as  they  burrow  into  the  soil  in  search 
of  roots.  To  control  the  adults,  apply  calcium  arsenate-hydrated 
lime  dust,  poisoned  bran  bait,  or  poisoned  apple  bait  to  the  host 
plants  early  in  July  before  egg  laying  begins.  If  staining  of  foliage 
is  objectionable  the  poisoned  baits  are  to  be  preferred. 
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INTRODUCTION 

Pecans  are  an  important  source  of  farm  income  in  many  districts  in 
the  Southern  States.  During  the  five  years  ending  with  1930  the 
farm  value  of  pecans  averaged  about  $9,600,000  per  year.  Pecan 
trees  have  been  planted  in  large  numbers  in  the  last  decade  and  in- 
creasing market  supplies  are  mdicated.  In  this  period  of  expansion 
it  is  important  that  facts  relating  to  the  trend  in  production  and 
costs  of  production  and  information  on  the  long-time  outlook  for 
marketing  be  available  for  the  guidance  of  those  interested  in  the  pro- 
duction or  marketing  of  pecans. 

This  bulletin  presents  the  results  of  an  economic  study  of  the  pecan 
industry,  conducted  by  the  Bureau  of  Agricultural  Economics,  United 
States  Department  of  Agriculture,  in  cooperation  with  various  State 
agencies.  The  study  was  made  during  the  period  1928-1930.  Its 
purpose  is  to  supply  basic  economic  information  which  will  assist  in 
the  sound  development  of  the  pecan  industry. 

There  are  three  phases  of  the  study:  (1)  Production,  which  in- 
cludes estimates  of  the  size  of  the  pecan  crop,  the  survey  of  the  num- 
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ber  of  pecan  trees  by  age  groups  and  geographic  distribution,  varie- 
ties grown,  and  related  topics;  (2)  cost  of  production,  which  deals 
wdth" practices  and  costs  in  tlie  development  of  pecan  orchards  of 
improved  varieties  and  in  the  operation  of  bearing  orchards;  and  (3) 
marketing,  w^hich  includes  a  description  of  marketing  practices  in 
producing  areas  and  in  the  markets,  and  a  presentation  of  price  and 
distribution  data.  The  survey  also  includes  information  on  pecan- 
marketing  conditions  from  the  view  point  of  the  retailer  and  consumer 
and  a  discussion  of  the  competition  of  pecans  with  other  nuts. 

PRODUCTION 
GEOGRAPHIC  DISTRIBUTION  OF  PECAN  TREES 

The  native  range  of  the  pecan  covers  a  large  area,  extending  from 
the  valleys  of  the  lower  Ohio  and  Missouri  Rivers  and  their  tribu- 
taries, such  as  the  Wabash,  Illinois,  and  Osage,  through  the  broad 
alluvial  flood  plains  and  delta  lands  of  the  Mississippi  and  its  tribu- 
taries southward  to  the  Gulf,  and  thence  westw^ard  to  the  borders  of 
the  liiglilands  of  western  Oklahoma  and  Texas.  To  the  southwest 
the  native  trees  are  abundant  in  the  valleys  of  all  of  the  west  Gulf 
rivers,  such  as  the  Trinity,  Colorado,  and  Brazos  dowTi  to  the  Rio 
Grande.  Native  seedling  trees  are  occasionally  seen  as  far  east  as 
western  Alabama.  Throughout  this  area,  roughly  2,000  miles  in 
length  and  from  200  to  600  miles  in  breadth,  these  trees,  often  of 
impressive  size,  have  for  ages  shed  their  crops — food  for  man  and 
beast. 

Supplementing  this  area  of  natural  pecan  growth  there  has  been  a 
phenomenal  expansion  of  the  range  of  this  valuable  tree,  especially 
during  the  last  50  years,  through  plantings  of  improved  varieties  on  a 
large  scale,  in  orchards  for  commercial  production  as  well  as  around 
homes,  throughout  the  entire  east  Gulf  and  South  Atlantic  coastal 
plains  and  the  lower  piedmont  areas,  from  Mississippi  to  southern 
Virginia.  Plantings  have  long  been  made  in  limited  sections  of 
California,  but  commercial  production  in  that  State  has  not  thus  far 
been  significant.  In  restricted  sections  in  Arizona  recent  plantings 
are  thriving.  West  of  the  Mississippi,  in  the  areas  to  which  the  pecan 
is  native,  progress  in  the  planting  of  improved  varieties,  and  especially 
in  the  top  working  of  trees  in  native  groves  to  improved  varieties,  has 
been  rapid. 

LOCATION    OF  PECAN-PRODUCING   DISTRICTS 

The  location  of  pecan-producing  districts  sho\\Ti  in  Figure  1  is 
approximate,  based  upon  the  evidence  of  the  special  1^29  pecan 
survey  supplemented  by  census  figures.  In  Texas  the  distribution 
shown  is  based  largely  upon  the  record  of  car-lot  shipments  out  of  the 
different  counties  and  probably  gives  undue  prominence  to  counties 
with  imf)ortant  shipping  points  as  contrasted  with  those  lacking  such 
shii)pirig  points.  The  improved  pecans — that  is,  those  from  grafted, 
budchnl,  and  top-worked  trees — come  mostly  from  the  States  east  of 
the  Mississippi  River  and  the  seedling  or  wild  nuts  from  the  native 
pecan  belt  lying  along  the  Mississippi  River  and  the  alluvial  bottonis 
of  the  streams  west  of  the  Mississi])))!.  The  lower  Ohio  and  Illinois 
bottoms  and  those  of  the  streams  of  western  Kentucky  and  Tennessee 
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supply  a  relatively  small  production  of  wild  pecans,  and  there  is  a 
considerable  production  in  the  Yazoo  bottoms  of  Mississippi  and  in  the 
lowlands  of  the  southwestern  corner  of  that  State.  On  the  other  hand, 
a  considerable  production  of  improved  pecans  is  found  in  southern 
Louisiana  and  considerable  plantings  of  improved  nuts  are  beginning 
to  come  into  bearing  in  Louisiana,  Texas,  and  Arkansas,  although  the 
production  of  these  is  as  yet  relatively  insignificant  there  compared 
with  production  of  the  native  seedling  trees. 

In  the  areas  of  native  growth  from  Mississippi  and  Louisiana  west- 
ward the  pecan  is  found  mainly  in  the  river  valleys  and  flood  plains 
rather  than  upon  the  higher  lands.  Figure  1  does  not  always  clearly 
indicate  this  fact,  production  being  shown  rather  on  the  county  basis 
and  without  strict  localization.  In  the  Southeastern  States,  where 
plantings  have  been  by  human  design  rather  than  by  the  operation  of 
natural  laws,  this  limitation  to  lowlands  does  not  apply,  although  the 
pecan  appears  to  do  best  in  valley  types  of  soils  and  in  locations  in 
which  it  has  access  to  supplies  of  subsoil  moisture. 

PRODUCTION   OF  PECANS 

The  1929  survey  showed  that  the  previous  estimates  of  the  United 
States  Department  of  Agriculture  on  production  of  pecans,  which 
had  been  based  largely  on  the  census  of  1920  with  allowance  for  sub- 
secpient  increase,  were  much  too  low.  The  production  of  1919  in  the 
12  States  was  (according  to  the  census)  31,443,800  pounds  on  more 
than  100,000  holdings.  The  11,000  groves  and  holdings  included  in 
the  1929  survey  produced  approximately  14,000,000  pounds  of  pecans. 
As  judged  from  the  survey  and  from  the  study  of  rail  movement  and 
other  means  of  disposal,  the  total  production  of  these  12  States  in 
1928,  originally  estimated  at  42,000,000  pounds,  was  actually  about 
67,000,000  pounds.  The  original  census  deficiency  was  no  doubt 
considerably  greater  in  the  native  pecan  belt,  where  a  large  proportion 
of  the  production  is  from  wild  trees  not  closely  observed  by  the  owners 
and  often  harvested  by  others,  than  in  the  East,  where  most  of  the 
trees  are  in  orchards  or  around  homesteads.  Of  the  total  census 
production  of  pecans  in  1919,  about  19  per  cent  was  credited  to  the 
Eastern  States,  where  a  large  proportion  of  the  nuts  are  of  improved 
varieties;  whereas  the  survey  and  other  checks  show  over  32  per  cent 
of  the  pecan  crop  of  1928  to  have  been  produced  in  that  area.  Of  the 
total  production  in  1928,  it  is  estimated  that  approximately  17,680,000 
pounds  were  of  improved  varieties  and  about  49,620,000  pounds  were 
of  seedling  and  wild  varieties. 

Table  1  shows  the  census  figures  on  production  in  1919  and  the 
estimates  for  1928  based  upon  the  survey  in  the  spring  of  1929  and 
subsecpient  checks  of  rail  shipments  and  other  information. 

The  revised  estimates  of  total  production  of  pecans  for  the  years 
1919-1931  appear  in  Table  2. 
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Table  1. — Production  of  pecans  by  States  and  sections,  census,  1919,  and  estimate 

'by  type,  1928 


Production, 
1919  (census) 

Estimated  production,  1928 

State  and  section 

Improved 
varieties 

Seedlings 
and  wild 

Total 

North  C  arolina 

Pounds 
145,  753 
525,  783 
2,  545,  000 
1,  025,  673 
1, 180,  000 
1,  592,  177 

Pounds 
440,  000 
550,  000 

7,  400,  000 

1,  500,  000 

2,  780,  000 

3,  250,  000 

Pounds 
250,  000 
180,  000 

1,  000,  000 
500,  000 
720,  000 

3,  250,  000 

Pounds 
690, 000 

South  Carolina       -.  ..  _     _     ..     ..     .  - 

730  000 

Georgia 

8,  400  000 

Florida 

2,  000,  000 

Alabama      

3, 500,  000 
6,  500, 000 

M  ississippi 

Eastern 

7,  014,  386 

15,  920,  000 

5,  900,  000 

21, 820,  000 

Illinois 

182,  347 

555,  184 

348,  382 

2,  242,  859 

4,  296,  642 

16, 804,  000 

30,  000 

295,  000 

1, 655,  000 

4,  680,  000 

8,  360, 000 

28,  700,  000 

30,  000 

300,  000 

1  750  000 

Missouri __  

5,000 
95,000 

820,  000 
40,000 

800,  000 

Arkansas                       _                  ------ 

Louisiana 

Oklahoma 

5,  500, 000 

8,  400, 000 

29,  500, 000 

Texas  

Western                    .-  - 

24,  429,  414 

1,  760,  000 

43,  720,  000 

45, 480, 000 

Total 

31, 443, 800 

17, 680, 000 

49, 620,  000 

67,  300,  000 

Table  2. — Production  of  pecans,  by  States  and  sections,  1919-1931 
[In  thousands  of  pounds,  i.  e.,  000  omitted] 


State  and  section 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

North  Carolina - 

240 
600 
3,200 
1,200 
1,400 
2,600 

130 
220 
1,550 
440 
600 
715 

150 
800 
4,500 
1,200 
1,800 
2,700 

260 

360 

1,500 

880 

1,350 

1,100 

480 
680 
6,600 
1,600 
2,500 
2,400 

560 
770 
3,600 
1,300 
1,686 
1,932 

330 

South  Carolina     

'\'\n 

Georgia     

6,400 
1,916 
2,200 

5,094 

Florida 

Alabama       -- 

Mississippi 

Eastern       . 

9,240 

3,655 

11, 150 

5,450 

14,  260 

9,848 

16, 490 

Illinois 

230 

1,000 

2,000 

5,000 

15,  000 

35,  000 

210 
250 
280 
700 
3,000 
2,  000 

155 

350 

1,500 

5,600 

9,000 

19,  000 

165 
750 
180 
600 
2,000 
2,000 

200 

350 

1,500 

4,250 

16,  000 

20,  000 

200 

500 

1,000 

1,750 

11,000 

12,  500 

23 

Missouri         --     - 

find 

Arkansas 

Louisiana 

1,570 

5,530 

14,700 

12,  000 

Oklahoma 

Texas-    -- 

Western 

58, 230 

6,440 

35,  605 

5,695 

42,  300 

26,  950 

34, 423 

Total 

67,  470 

10,  095 

46,  755 

11, 145 

56,  560 

36,  798 

50,  913 

State  and  section 

1926 

1927 

1928 

1929 

1930 

1931 

North  Carolina 

780 
1,300 
9, 400 
1,516 
3,100 
5,500 

660 
750 
5,000 
1,144 
1,260 
3,200 

690 
730 
8,400 
2,000 
3,500 
6,500 

664 
580 
4,000 
1,000 
1,620 
2,  300 

640 
920 
4,700 
1,150 
2,730 
5,700 

1,050 
950 
8,500 
2,350 
4,000 
5  500 

South  Carolina       --     

Georgia 

Florida       

Alabama 

Mississippi -      - 

Eastern .. 

21,  596 

12,  014 

21, 820 

10, 164 

15,  840 

22, 350 

Illinois 

315 

1,  500 

3,000 

6,000 

19,  700 

41,  900 

90 
400 
1,500 
2,250 
8,900 
9,600 

30 

300 

1,750 

5,  500 

8,400 

29,  500 

150 

900 

1,000 

2,500 

14,  900 

20,000 

200 

600 

1,500 

8,000 

13,  000 

12,  500 

9'in 

Missouri --  - 

1  800 

Arkansas 

2,800 
6  000 

Louisiana 

Oklahoma 

11  500 

Texas..- - 

32^  000 

Western 

72,  415 

22,  740 

45,  480 

39,  450 

35,  800 

54  350 

Total - 

94,  Oil 

34,  754 

67,300 

49,  614 

51,  640 

76,  700 
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The  production  of  pecans  is  difficult  to  estimate.  There  are  httle 
or  no  data  in  most  States  for  measurmg  the  degree  of  the  incomplete- 
ness of  the  United  States  census  of  pecan  trees  and  production.  The 
estimates  given  herewith  are  based  upon  rail,  water,  and  truck  ship- 
ments, State  records  and  surveys,  for  States  for  which  these  are  avail- 
able, with  conservative  allowances  above  the  census  figures  in  other 
States.  They  are  subject  to  a  considerable  margin  of  error,  especially 
for  years  prior  to  1924.  They  do  present  a  rough  approximation  of 
relative  production  as  between  States  and  for  successive  years. 

The  largest  pecan  crop  of  record  was  that  of  1926,  production  being 
estimated  at  94,011,000  pounds.  This  was  a  year  of  maximum  pro- 
duction in  all  sections  of  the  belt.  The  next  greatest  pecan  year  of 
the  last  13  years  for  which  definite  estimates  have  been  made  was 
1931,  with  an  estimated  production  of  about  76,700,000  pounds,  and 
the  estimates  for  1919  and  1928  each  exceed  67,000,000  pounds. 
The  years  of  smallest  production  during  the  period  were  1920  and 
1922,  with  crops  estimated  at  about  10,096,000  and  11,145,000 
pounds,  respectively.  No  other  year  of  the  period  produced  a  crop 
estimated  at  less  than  about  35,000,000  pounds. 

Table  3. — Production  of  pecans,  by  type,  and  by  States  and  sections,  1919-1931 

[In  thousands  of  pounds,  i.  e.,  000  omitted] 
IMPROVED  VARIETIES 


State  and  section 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

North  Carolina 

120 
330 

2,100 
600 
840 

1,070 

60 
120 
1,050 
230 
370 
315 

80 

470 

3,100 

650 

1,150 

1,160 

140 
220 
1,070 
490 
900 
480 

260 

430 

5,000 

930 

1,700 

1,100 

310 

500 
2,900 

780 
1,180 

900 

190 

South  Carolina        ..             . 

370 

Georgia - 

5,200 
1  ''OO 

Florida 

Alabama 

1  600 

Mississippi    ..    . 

o  400 

Eastern       .  . 

5,060 

2, 151 

6,610 

3,300 

9,420 

6,570 

10, 960 

Missouri 

10 
20 

600 

40 

250 

2 
3 

80 
10 
20 

4 
20 

750 
30 

120 

8 

3 

80 

10 

20 

4 
30 

600 
70 

200 

5 
25 

250 
50 

125 

6 

Arkansas 

40 

Louisiana. 

830 

Oklahoma .  . 

75 

Texas 

130 

Western 

920 

115 

924 

121 

904 

455 

1  081 

Total 

5,980 

2,266 

7,534 

3,421 

10,  324 

7,025 

12,041 

SEEDLING  AND   WILD   PECANS 


North  Carohna 

120 
270 

1.  100 
600 
560 

1,530 

64 
100 
501) 
210 
230 
400 

70 
330 

1,400 
550 
650 

1,540 

120 
140 
430 
390 
450 
620 

220 
250 

1,600 
670 
800 

1,300 

250 
270 
700 
520 
506 
1,032 

140 

South  Carolina 

180 
1,200 

71fi 

Georgia 

Florida .  . 

Alabama 

600 
2,694 

Mississippi 

Eastern... 

4,180 

1,504 

4,540 

2,150 

4,840 

3,278 

5,530 

Elinois 

230 

990 

1,980 

4,400 

14,  960 

34.  750 

210 

248 

277 

620 

2.  \m 

1,  980 

155 

346 

1,480 

4.  850 

8,  970 

18,  880 

165 
742 
177 
520 
1,990 
1,  980 

200 

346 

1.470 

3,650 

15,  930 

19,800 

200 

495 

975 

1.  ,5(K) 

10,  950 

12,  375 

23 

Missouri 

Arkansas 

1   ')30 

Louisiana 

4  700 

Oklahoma 

14  625 

Texas 

11,870 

Western 

57,  310 

6,  325 

34,  681 

5,  574 

41.396 

26,  495 

33,  342 

Total 

01,490 

7,829 

39,  221 

7,724 

46,  236 

29,773 

38,872 
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Table  3. — Production  of  pecans,  by  type,  and  by  States  and  sections,  1919-1931- 

Contiaued 

[In  thousands  of  pounds,  i.  e.,  000  omitted] 

IMPROVED  VARIETIES 


State  and  section 

1926 

1927 

1928 

1929 

1930 

1931 

450 
900 
7,900 
1,030 
2,320 
2,  650 

380 
550 

4,400 
800 
980 

1,570 

440 
550 
7,400 
1,500 
2,780 
3,250 

430 

450 

3,600 

750 

1,340 

1,200 

420 

750 

4,300 

900 

2,330 

2,450 

735 

Rniith  Carolina                     

800 

frPorEria                         

7,820 

Florida                   - 

1,880 

3,520 

3,000 

Eastern 

15,  250 

8,680 

15, 920 

7,770 

11,150 

17.755 

Missouri     

15 
90 

750 
100 
840 

5 
60 

350 
40 

190 

5 
95 

820 
40 

800 

15 

60 

375 

70 
550 

10 

80 

1,200 

70 

300 

35 

Arkansas 

170 

960 

Oklahoma                                    

115 

Texas                        

9G0 

Western                

1,795 

645 

1,760 

1.070 

1,  660 

2,240 

Total                        

17, 045 

9,325 

• 

17,  680 

8,840 

12,  810 

19,  995 

SEEDLING  AND   WILD   PECANS 


North  Carolina                                         

330 
400 

1,500 
486 
780 

2,850 

280 
200 
600 
344 
280 
1,630 

250 
180 

1,000 
600 
720 

3,250 

234 
130 
400 
250 
280 
1,100 

220 
170 
400 
250 
400 
3,250 

315 

South  Carolina           _      

150 

Georgia            .- _  

680 

Florida                                -  

470 

Alabama             -  -  -- 

480 

MississiDDi                                 _-  

2,500 

Eastern.  ..  .  . 

6,346 

3,334 

5,900 

2,394 

4,690 

4,595 

Illinois               - 

315 

1,485 

2.910 

5,250 

19.  600 

41.  060 

90 

395 
1,440 
1.900 
8,860 
9,410 

30 

295 

1,655 

4,  680 

8.  360 

28,  700 

150 

885 

940 

2,125 

14,  830 

19,  450 

200 

590 

1,420 

6,800 

12,  930 

12,  200 

250 

Missouri .  .  _. 

1,765 

Arkansas                ~  .  - 

2,630 

Louisiana     . - - -  - 

5,040 

Oklahoma 

11,  385 

Texas              .  -  -.- - 

31,  040 

Western        --  -  . 

70,  620 

22,  095 

43,  720 

38,  380 

34,  140 

52,110 

Total                        

76, 966 

25,  429 

49,  620 

40,  774 

38, 830 

56,  705 

Texas  is  the  largest  single  producer  of  pecans,  the  crop  usually 
amounting  to  from  30  to  50  per  cent  of  the  total  production  in  the 
United  States.  Texas  has  occasional  years  of  near  failure,  however, 
in  which  the  State  production  has  dropped  to  less  than  20  per  cent  of 
the  United  States  total.  The  next  State  in  volume  of  total  produc- 
tion is  Oklahoma,  producing  ordinarily  from  15  to  30  per  cent  of  the 
crop.  Of  the  States  east  of  the  Mississippi  River,  Georgia  leads  in 
production,  with  usually  about  10  per  cent  of  the  total  crop. 

Table  3  shows  the  production  of  seedling  and  improved  types  of 
pecans  separately  for  the  years  1919  to  1931. 

From  60  per  cent  to  80  per  cent  of  the  seedling  nuts  ordinarily  come 
from  Texas  and  Oklahoma  and  most  of  the  remaining  seedling  nuts 
come  from  the  States  bordering  the  lower  Mississippi.  About  one- 
tenth  of  the  seedling  nuts  ordinarily  come  from  the  eastern  group  of 
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pecan  States.  On  the  other  hand,  the  eastern  group  usually  furnishes 
close  to  80  per  cent  of  the  nuts  from  improved  trees  and  the  lower 
Mississippi  Vallej^  States  furnish  most  of  the  remainder,  Texas  and 
Oklahoma  producing  only  a  small  percentage  of  improved  varieties. 
Georgia  ordinarily  supplies  about  40  per  cent  of  the  nuts  from  im- 
proved trees,  Mississippi  and  Alabama  coming  next,  with  from  10  to 
20  per  cent  each  of  the  improved  varieties. 

NUMBER  OF  PECAN  TREES 

The  number  of  pecan  trees  both  of  the  improved  and  seedling 
types  is  shown  in  Table  4. 

Table  4. — Number  of  pecan  trees  by  type,  and  by  States  and  sections,  census,  1925, 

estimate,  1929 


Total 

Improved ' 

Seedling  or  wild,  1929  ' 

State  and  section 

1925 
(census)' 

1929 
(estimate) 

1929 
(estimate) 

Total 

Bearing 
age 

Nonbear- 
ing  age 

North  Carolina 

103,  814 
100,  407 
2,  367,  960 
524, 096 
709,  670 
580, 402 

320. 000 
360,  000 
3,  505,  000 
690,  000 
940,  000 
993,  000 

279,  000 
335,000 
3,415,000 
625,  000 
893,  000 
634,  000 

41,000 
25, 000 
90, 000 
65,000 
47,  000 
359, 000 

31,000 
23.000 
70.  000 
50.  000 
42,  000 
241,000 

10,000 

South  Carolina.      

2,000 

Georgia -      - - 

20,  000 

Florida                       

15, 000 

Alabama - 

5,000 

Mississippi                

118,000 

Eastern 

4, 486,  349 

6,  808,  000 

6, 181, 000 

627, 000 

457,  000 

170, 000 

Missouri 

174, 051 
76, 767 

360, 432 
1,038.918 
2, 418,  543 

450,  000 

801,  000 

812,  000 

2,  900,  000 

6,  660,  000 

5,000 
251,000 
281, 000 
500, 000 
660,  000 

445. 000 

550,000 

531,  000 

2, 400,  000 

6,  000, 000 

266, 000 

400. 000 

354,  000 

1, 800, 000 

4, 460,  000 

179, 000 

Arliansas         - 

150,000 

Louisiana..    _.  _  _ 

177, 000 

Oklahoma 

600, 000 

Texas 

1.  540, 000 

Western 

4,  068,  711 

11,623,000 

1, 697, 000 

9,  926. 000 

7,  280,  000 

2,  &46, 000 

Total 

8,  555, 060 

18, 431, 000 

7, 878,  000 

10,  553, 000 

7, 737, 000 

2, 816, 000 

1  Improved  trees  are  those  that  have  been  grafted,  budded,  or  top-worked  with  scions  or  buds  of  improved 
varieties.    Seedling  trees  are  those  grown  from  the  seed,  including  native  wild  trees. 

The  number  of  native  seedling  trees  can  never  be  known  accurately 
and  it  is  difficult  to  make  a  satisfactory  estimate  of  them.  The 
Federal  census  enumerates  only  trees  reported  on  farms.  Great 
numbers  in  woods  and  on  unoccupied  lands  not  included  in  farms  are 
not  enumerated,  and  probably  man}^  trees  which  might  properly  be 
included  in  a  farm  enumeration  are  overlooked.  The  census  of  1925 
reported  4,069,000  pecan  trees  in  Oklahoma,  Texas,  Arkansas, 
Louisiana,  and  Missouri.  The  greater  number  in  these  States  are 
known  to  be  seedlings,  although  in  Arkansas  and  Louisiana  a  con- 
siderable number  are  reported  in  planted  orchards.  The  1929 
survey,  including  over  11,000  holdings,  indicated  that  the  number  of 
trees  in  this  group  of  5  States,  including  about  1,700,000  trees  of 
improved  varieties,  was  about  11,600,000  trees.  The  number  of 
trees  of  improved  varieties  can  be  estimated  more  accurately.  The 
1925  census  showed  4,486,000  trees  in  the  6  leading  pecan  States  east 
of  the  Mississippi,  most  of  which  were  improved  varieties.  Other 
evidence  at  that  time  supportcti  larger  figures,  and  the  survey  of 
1929  indicated  that  numbers  of  trees  in  these  6  States  had  increased 
between  1925  and  1929  by  ahnost  50  per  cent.  The  total  number  of 
pecan  trees  in  the  entire  country  in  1929,  judging  by  the  survey,  was 
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about  8,000,000  trees  of  improved  types  and  more  than  10,500,000 
seedling  and  wild  trees,  or  a  total  of  more  than  18,000,000  of  all  types. 
These  figures  do  not  take  into  account  young  trees  in  nurseries  or  the 
thickets  of  young  saplings  in  the  native  pecan  territory,  and  probably 
understate  the  number  of  wild  pecan  trees  in  the  native  pecan  belt. 

AGES  OF  IMPROVED  PECAN  TREES 

The  data  in  Table  5  refer  to  planted  trees ;  the  figures  are  significant 
as  showing  the  rapid  increase  in  plantings  during  recent  years. 
Based  upon  study  of  ages  for  over  2,000,000  trees  of  improved 
varieties  reported  in  the  survey,  about  5.4  per  cent  of  the  total  were 
planted  in  1929,  and  36.8  per  cent  during  the  four  5'^ears  1925-1928. 
Approximately  36  per  cent  of  all  were  10  years  old  and  over  and  about 
58  per  cent  were  5  years  and  over.  Probably  at  least  half  of  the 
total  plantings  of  improved  trees,  therefor,  were  not  yet  of  bearing 
age  in  1929.  ^ 


Table  5. 


-Number  of  pecan  trees  of  improved  varieties,  by  age  groups,  and  by  States 
and  sections,  1929 ' 


NUMBER  OF  TREES 


State  and  section 

Plant- 
ed in 
1929 

1-4 

years 

old 

5-9 

years 

old 

10-14 

years 

old 

15-19 

years 

old 

20-24 

years 

old 

25-29 

years 

old 

30 

years 

old 

and 

over 

Total 
10  years 
old  and 

over 

Total 
5  years 
old  and 

over 

North  Carolina-.. 

South  Carolina 

Georgia  ..      .  _ 

22,  300 
10,  000 
109,  000 
12,  000 
49,  000 
23, 400 

131, 100 
157,  000 
1,  014,  000 
156,  000 
250,  000 
206,  000 

47, 400 
6^,000 
919,  000 
175,000 
232,  000 
142,  300 

33,  500 
44, 000 
697, 000 
119,000 
143, 000 
131,300 

30,  700 

30, 000 
482, 000 

60,  000 
1S8,  000 

80, 000 

7,300 
13.  000 
130,  000 
75,  000 
18, 000 
24,300 

6,100 
10,  000 
51,  000 
25,  000 

9,000 
11, 100 

600 
7,000 

13,  000 
3,000 
4,000 

15,  600 

78,  200 
104,  000 
1,  373,  000 
282,  000 
362,  000 
262,  300 

125,600 

168,  000 

2,  292,  000 

Florida     

457,  000 

Alabama 

594,  000 

Mississippi 

404,  600 

Eastern 

225,  700 

1,  914,  100 

1,  579,  700 

1, 167, 800 

870,  700 

267,  600 

112,200 

43,  200 

2, 461,  500 

4, 041,  200 

Arkansas 

Louisiana. .-. 

30, 400 

9,280 

100. 000 

63, 400 

143,  800 

87,  350 

365,  000 

386,  000 

31,  700 
46,  307 
30,  000 
67,  300 

20,  800 

33,  743 

5.000 

28, 400 

14,  500 

56,  518 

3,500 
32, 899 

3,400 
8,717 

2, 900 
6,186 

4.5, 100 

138,063 

5,000 

143,  300 

76, 800 
184,  370 

Oklahoma 

35, 000 

Te.\as 

101, 000 

10, 000 

900 

3,000 

210,  600 

Western 

203,  080 

982, 150 

175,  307 

87, 943 

172,  018 

46,  399 

13,017 

12,  086 

331, 463 

506,  770 

Total 

428,  780 

2, 896,  250 

1,  755, 007 

1,  2.55,  743 

1, 042,  718 

313, 999 

125,  217 

55,  286 

2,  792,  963 

4,  547,  970 

PERCENTAGE  OF  STATE  TOTAL 


North  Carolina.. - 

South  Carolina 

Georgia 

8.0 
3.0 
3.2 
2.0 
5.5 
3.7 

47.0 
46.9 
29.7 
25.0 
28.0 
32.5 

17.0 
19.1 
26.9 
28.0 
26.0 
22.4 

12.0 
1.3.1 
20.4 
19.0 
16.0 
20.7 

11.0 
8.9 

14.1 
9.6 

21.0 

12.6 

2.6 
3.9 
3.8 
12.0 
2.0 
3.8 

2.2 
3.0 
1.5 
4.0 
1.0 
1.8 

0.2 

2.1 

.4 

.5 

.5 

2.5 

28.0 
31.0 
40.2 
45.1 
40.5 
41.4 

45.0 
50.1 
67.1 

Florida.. 

73.1 

Alabama      .  .  .  . 

66.5 

Mississippi 

63.8 

Eastern 

3.7 

30.9 

25.6 

18.9 

14.1 

4.3 

1.8 

.7 

39.8 

65.4 

Arkansas 

Louisiana 

Oklahoma 

12.1 
3.3 

20.0 
9.6 

57.3 
31.1 
73.0 
58.5 

12.6 

16.5 

6.0 

10.2 

8.3 

12.0 

1.0 

4.3 

5.8 
20.1 

1.4 
11.7 

1.3 
3.1 

1.2 
2.2 

18.0 

49.1 

1.0 

21.7 

30.6 

65.6 

7.0 

Texas. 

15.3 

1.4 

.2 

.5 

31.9 

Western 

12.0 

58.9 

10.4 

5.2 

10.2 

2.7 

.8 

.7 

19.5 

29.8 

Total 

5.4 

36.8 

22.3 

16.0 

13.2 

4.0 

L6 

.7 

35.5 

57.8 

'  Estimate  based  upon  aire  distribution  shown  by  1929  survey  supplemented  by  numbers  of  bearing  age 
and  nonbearing  age  reported  by  the  census  of  1925.  Does  not  include  estimates  by  age  groups  of  the  5,000 
improved  trees  estimated  for  Missouri  in  1929. 
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TREND  OF  FUTURE  PRODUCTION 

It  would  seem  that  increase  in  production  will  be  rather  rapid  dur- 
ing the  next  few  years,  but  this  will  depend  largely  upon  the  attention 
received  by  the  orchards  and  the  extent  to  which  insects  and  diseases 
are  controlled.  As  with  other  crops,  these  difficulties  tend  to  increase 
mth  concentration  of  production.  There  will  probably  be  a  con- 
siderable loss  of  trees  planted  diu'ing  the  five  years  ended  in  1929, 
in  accordance  with  usual  mortality  of  young  plantings,  and  some  loss 
of  older  trees.  Even  assuming  a  mortality  of  40  per  cent  in  these 
young  plantings  and  15  to  20  per  cent  in  older  trees,  the  number  of 
planted  trees  of  bearing  age  would  increase  about  25  per  cent  by 
1940,  even  if  we  include  in  those  of  bearing  age  in  1929  all  trees  5 
years  of  age  or  older.  Although  man}'  trees  reach  bearing  age  later 
than  10  years,  most  of  the  improved  trees  10  yeai^s  and  older  in  1929 
were  then  of  bearing  age.  A  large  proportion  of  those  in  the  group 
5  to  9  years  in  1929  had  probably  reached  bearing  age  by  1932.  In 
addition  to  this,  in  orchards  in  which  the  trees  are  properly  spaced, 
the  increasing  bearing  surface  developed  by  the  16  per  cent  of  trees 
from  10  to  14  years  of  age  and  the  13  per  cent  ranging  from  15  to 
19  years  will  by  1940  have  contributed  a  further  material  increase 
to  production. 

The  extent  of  increased  production  of  improved  yarieties  from 
these  causes — that  is,  the  increase  in  number  of  bearing  trees  and 
increase  of  bearing  sui'face  of  trees  now  in  production — might  easily 
amount  to  50  per  cent  or  more  within  the  decade.  Increase  from 
wild  trees,  if  any,  seems  likely  to  be  moderate.  An  increase  even  up 
to  100  per  cent  in  production  from  improved  trees  would  ^vithout 
allowing  for  any  increase  in  seedling  and  mid  nuts,  increase  the  total 
production  of  pecans  by  only  25  to  30  per  cent.    , 

PRINCIPAL  VARIETIES  OF  PECANS 

Data  on  varieties  are  incomplete.  Table  6  shows  the  varietal 
distribution  so  far  as  it  could  be  estimated  from  the  survey. 

Table  6. — Percentage  of  certain  varieties  of  pecan  trees  grown  in  specified  States 

and  sections,  1929 


State  and  section 

Stuart 

Schley 

Success 

Money- 
maker 

Van  De- 
man 

Miscel- 
laneous 

im- 
proved ' 

Seedling 
or  wild 

40.0 
44.4 
30.4 
14.8 
14.0 
33.  1 

18.8 
34.8 
28.9 
10.3 
4.8 
4.5 

3.0 
2.2 
2.5 
3.  9 

1.8 

23.0 

8.9 

28.3 

55.8 
76.  2 
10.7 

12.8 

2.8 
2.9 

6.9 

Georcia       

4.4 

5.8 

2.6 

FlnriHn 

9.4 

5.0 

Mississippi -- 

15.6 

36.1 

Eastern 

28.  1 

20.  0 

4.2 

3.0 

1.6 

33.9 

9.2 

1.1 
9.2 
7.8 
12.  9 
5.9 

98.9 

Arkansas                                       --  - 

10.9 

19.  4 

3.0 

l.C 

3.4 

2.r) 

.() 

1.2 

4.9 

3.0 

.7 

1.2 

3.0 
1.0 

G8.6 

Louisiana.. - 

.9 

65.4 

Oklahoma                                       -  _ 

82.8 

Texas 

90.1 

Western.- 

3.8 

1.2 

1.4 

.3 

.1 

7.8 

85.4 

Total 

12.8 

8.2 

2.4 

L3 

.6 

17.5 

57.2 

•  Miscellaneous  Includes  other  named  and  ininamod  varieties  of  improved  trees  and  may  include  sm:\\\ 
percentages  of  the  named  varieties  shown  in  the  oilier  colunuis;  in  Cieoryia,  2..''i  per  wuX  I'ahst,  3.6  per  cent 
Frotscher,  2.2  per  cent  Teche,  1.4  pei  cent  Alohile,  4.9  j)er  cent  .\lley,  2.9  per  cent  Delniius;  1.9  per  cent 
Curtis;  in  Klorida  it  inchidtw  9  7  \wc  cent  Curtis,  9.(')  i)er  cent  Moore,  1.9  per  cent  Frolscher,  7.3  per  cent 
Teche  0.9  iwr  cent  I'ahst,  and  0.8  per  cent  President;  in  .Mississippi,  2.2  per  cent  Ilalp,  1.3  per  cent  Ua.ss; 
in  Oklahoma,  0.8  per  cent  Ilalhert  and  0.5  per  cent  Hurkctt;  in  Texas,  1.8  per  cent  Jhirkett.  Data  for 
varieties  are  loss  complete  than  for  other  items  of  the  survey. 


AN  ECONOMIC  STUDY  OF  THE  PECAN  INDUSTRY 


11 


SIZE  OF  PECAN  HOLDINGS 

The  number  of  separate  holdings  of  pecan  trees  in  11  producing 
States  is  placed  in  the  United  States  census  of  1925  at  215,185.  This 
enumeration  probably  missed  many  trees  on  small  holdings  and  is 
especially  likely  to  have  been  deficient  m  sections  in  which  there  are 
many    native  trees  in  the  fields  or  woods. 

The  number  of  holdings  in  these  11  States  for  1929  is  estimated  at 
266,727.  (Table  7.)  Most  of  the  holdings  are  small,  many  consist- 
ing of  only  a  few  trees,  but  there  is  a  considerable  number  of  the 
larger  holdings  and  these  include  by  far  the  larger  proportion  of  all 
pecan  trees. 

Table  7. — Number  of  holdings  of  pecan  trees,  1925  and  1929,  and  number  of  trees 

in  holdings  of  stated  sizes  in  1929 


Total  holdings 

Number  of  trees  in  holdings  of  stated  sizes,  1929  i 

State  and  section 

1925 
(census) 

1929 
(esti- 
mate) 

1-19 
trees 

20-49 
trees 

50-99 
trees 

100-499 
trees 

500-1,999 
trees 

2,000 

trees  and 
over 

North  Carolina 

15, 930 
14,  703 

40. 849 
12,  947 
26, 181 
21,  538 

19,  241 

20,  250 
51,200 
16, 000 
29, 000 
24,300 

115, 000 
130, 000 
472, 000 
84, 000 
180,000 
111,000 

54, 000 

35, 000 
170,  000 

70,  000 
115,000 

76,  500 

50, 000 

33,000 
208,  000 

75, 000 
115,000 

99,  700 

56,  000 
60,000 
965, 000 
210,  000 
320,  000 
318,400 

29,  500 
37,000 
650, 000 
113,000 
150,  000 
172,  900 

15,  500 

South  Carolina -. 

65,  000 

Georgia  . 

1, 040,  000 

Florida     

138, 000 

Alabama 

60,  000 

Mississippi 

214, 000 

Eastern 

132, 148 

159, 991 

1, 092, 000 

520, 500 

580,  700 

1,  929,  400 

1, 152,  400 

1,  532,  500 

Missouri 

4,776 

5,789 
18, 152 
18,  362 
35,  958 

6,000 
13,400 
23,  700 
26,  300 
37,  336 

30,  000 

56,  500 
126,  000 
146,  000 
160, 000 

30,000 

99,000 

114,000 

166, 000 

230, 000 

43,  000 
112,500 

84,  000 
159, 000 
280, 000 

122,  000 
165,  000 
180,  000 
717,000 
1, 180,  000 

150,  000 
184,  000 
122,  000 
845,000 
1, 850,  000 

75, 000 

Arkansas 

184,  000 

Louisiana  

186,  000 

Olclahoma-   

867, 000 

Texas. - 

2, 960,  000 

Western.-   

83,  037 

106,  736 

518,  500 

639, 000 

678,  500 

2,  364,  000 

3, 151, 000 

4,  272, 000 

Total     

215, 185 

266.  727 

1, 610, 500 

1, 159, 500 

1,  259,  200 

4,  293, 400 

4,  303, 400 

5, 804,  500 

'  There  are  no  positive  data  on  number  of  holdings  of  different  sizes,  the  census  material  not  having  been 
tabulated  in  form  to  show  this  information.  These  estimates  are  based  upon  a  study  of  distribution  by  size 
for  a  number  of  representative  counties  in  the  important  producing  States. 

Native  groves  in  the  western  group  of  States,  particularly  in  Texas 
and  Oklahoma,  commonly  comprise  the  holdings  of  an  individual 
along  the  course  of  a  stream  and  sometimes  in  a  broader  forested 
area.  The  stand  of  timber  is  made  up  of  varying  proportions  of 
pecans  interspersed  with  trees  of  other  species.  Single  holdings  may 
extend  for  many  miles  along  a  stream  and  its  branches.  Along  the 
larger  streams  where  the  lowlands  spread  widely  from  the  water- 
course the  pecan  trees  may  be  scattered  over  a  rather  broad  area,  but 
in  many  cases  they  form  only  a  narrow  fringe  along  the  bank  of  the 
stream.  In  the  valleys  of  the  Mississippi  River  and  its  tributaries 
the  pecan  is  found  scattered  among  the  forest  trees  covering  the  broad 
areas  of  the  alknnal  flood  plains.  East  of  the  Alississippi  River  low- 
lands the  trees  are  mostly  planted  in  orchards  that  often  number 
many  thousands  of  trees.  Most  of  the  extensive  orchards  are  found 
on  the  lower  coastal  plains  area,  although  smaller  orchards  are  found 
scattered  throughout  the  lower  piedmont  area. 

It  is  estimated  that  in  1929  the  holdings  containing  over  2,000 
trees  included  a  total  of  about  5,800,000  trees,  or  32  per  cent  of  the 
total;  that  holdings  of  500  to  1,999  trees  had  a  total  of  4,300,000  trees, 
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or  23  per  cent;  holdings  of  100  to  499  trees,  a  total  of  4,300,000  trees, 
or  23  per  cent;  and  holdings  of  less  than  100  trees,  a  total  of  4,000,000 
trees,  or  22  per  cent. 

Groves  numbering  over  2,000  trees  in  Texas  contained  44  per  cent 
of  its  huge  total  of  6,660,000  trees.  Georgia  and  Oklahoma  have 
about  30  per  cent  of  their  orchards  or  groves  of  this  size,  and  Louis- 
iana, Mississippi,  and  Florida  20  per  cent  or  more. 

The  proportion  of  trees  in  holdings  of  different  sizes  has  been  esti- 
mated on  the  basis  of  rather  scanty  data,  and  the  figures  given  in 
Table  7  should  be  considered  as  only  rough  approximations. 

TREND  IN  PECAN  PLANTINGS  AS  INDICATED  BY  CENSUS  FIGURES 

The  center  of  pecan  production  has  been  definitely  moving  east- 
ward, with  an  increasing  proportion  of  the  total  crop  made  up  of 
cultivated  types.  But  the  increase  in  the  western  part  of  the  pecan 
section  in  the  proportion  of  young  trees  as  reported  in  the  census  of 
1925,  is  significant  of  awakened  interest  and  progress  in  that  section. 
The  trend  in  production  is  indicated  by  the  following  statement: 

The  census  enumerations  show  the  following  numbers  of  pecan 
trees:  In  1910,  3,203,000;  in  1920,  4,806,000;  in  1925,  8,555,000. 
Trees  of  bearing  age  were  48.3  per  cent  of  the  total  number  in  1910, 
53.8  per  cent  in  1920,  and  49.9  per  cent  in  1925. 

Texas  and  Oldahoma  had,  m  1910,  77  per  cent  of  the  trees  of  bearing 
age;  in  1920,  56  per  cent;  and  in  1925,  48  per  cent;  whereas  the  States 
east  of  the  ]Mississippi  River  had  in  these  years,  17,  36,  and  45  per  cent 
of  the  bearing  trees,  respectively. 

Of  the  trees  not  of  bearing  age,  Texas  and  Oldahoma  in  1910  had  41 
per  cent;  in  1920,  25  per  cent;  and  in  1925,  33  per  cent.  The  States 
east  of  the  Mississippi  River  had  51  per  cent  of  the  nonbearing  trees  in 
1910,  68  per  cent  in  1920,  and  60  per  cent  in  1925.  _ 

The  increase  in  plantings  in  the  eastern  section  since  1925  has  con- 
tinued at  a  rapid  pace  but  in  the  western  section,  the  native  home  of 
the  pecan,  increasing  attention  has  been  given  to  the  planting  of 
orchards  of  improved  varieties  of  trees  and  to  the  top-working  of 
native  trees  to  improved  varieties.  Owners  of  western  pecan  lands 
are  ceasing  to  cut  large  producing  pecan  trees  for  timber  and  are 
saving  the  native  3^oung  growth  by  protecting  the  trees  and  thinning 
the  stand  of  other  timber.  Under  these  conditions  production  of  the 
ordinary  native  seedling  nuts  is  likely  to  be  maintained  for  a  long  time. 

PECAN  CONDITION  REPORTS  AND   FORECASTS 

Table  8  show^s  condition  figures  monthly  from  July  1  to  October  1 
by  States  and  for  the  United  States,  from  1920  to  1930  as  reported  by 
producers  to  the  Bureau  of  Agricultural  Economics.  Condition  is  in 
comparison  with  a  normal  or  full-crop  promise  for  the  month  stated. 
The  November  figures  show  reported  production  as  a  percentage  of  a 
full  crop. 
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TAfitifi  8. — Pecan  condilioii  staled  as  a  percentage  of  a  full-crop  promise  each  month, 
July-October,  and  for  November,  the  reported  production  as  a  percentage  of  a 
full  crop)  by  States,  1919-1981 


State  and  month 


North  Carolina: 
July 

August 

September... 

October 

November... 

South  Carolina: 

July 

August 

September... 

October 

November... 

Georgia: 

July 

August 

September... 

October 

November. -- 

Florida: 

July 

August 

September.-- 

October 

November... 

Alabama: 

July 

August 

September... 

October 

November... 

Mississippi: 

July 

August 

September. -- 

October 

November... 

Arkansas: 

July 

August 

September. -_ 

October 

November.-- 

Louisiana: 

July 

A-Ugust 

September.  __ 

October 

November... 

Oklahoma: 

July 

August 

September... 

October. 

November... 

Tesas: 

July 

August 

September... 

October 

November... 

United  States: 

July 

August 

September... 

October 

November. .- 


1919 


P.ct. 


68 


80 


1920 


P.ct. 
65 


60 


35 

82 


56 


33 
34 


34 


88 


95 


90 


90 


97 


85 


83.2 


31 
39 


40 


32 
50 


50 


29 
50 


28 


1921 


P.ct. 
59 


15 


26 
"lY 
22 
'33' 
13" 
55 
20' 
15" 
30 
30" 


38.5 

si.'o" 
ie.'o" 


46 
'32" 
81 


80 

'si' 

79 


80 

'70' 

62 


70 

68" 
78 

74' 


80 

'75"" 

'75'"' 

64"" 
76"" 
72 

iV" 

Vh" 

50 

46'" 

47'" 

51 

44'" 

45'" 

56.3 

51."  2' 

52.'2' 


1922 


P.ct. 

75 


67 
'56" 
72 


48 

42' 

45 


36 
'22" 

77 


55 

56' 

65 


55 

50' 

83 


39 

28' 

75 

24' 

12' 

50 

25" 

ii' 

76 
36' 


1923 


6 
53.4 
27.' 7' 
ll'.Z 


P.ct. 

75 
67 
66 
■2 


1924 


P.ct. 
92 

77 
78 
75 


78 

80 

81 

85 

65 

72 

70 

66 

77 

66 

65 

75 

89 

76 

83 

65 

78 

52 

78 

50 

77 

42 

86 

76 

83 

65 

83 

60 

80 

59 

75 

60 

86 

76 

72 

60 

66 

56 

65 

56 

71 

55 

78 

70 

62 

58 

62 

44 

61 

46 

60 

38 

65 

50 

72 

50 

60 

60 

64 

60 

70 

70 

62 

4 

58 

44 

63 

37 

64 

29 

77 

82 

63 

68 

57 

60 

67 

59 

68 

46 

66 

66 

53 

52 

51 

40 

50 

35 

49 

30 

72.6 

71.5 

60.7 

57.4 

58.0 

47.2 

58.8 

43.5 

57.3 

37.7 

1925 


P.ct. 
71 
62 

48 
45 
45 

72 
63 
50 
45 
47 

77 
67 
62 
59 
61 

87 
80 
80 
80 
80 

80 
68 
68 
60 
62 

83 
75 
75 
70 
73 

65 
63 
65 
67 
58 

75 
69 
70 
70 

74 

65 
59 

58 
58 
56 

44 
25 
20 
25 
29 

58.6 
44.7 
41.3 
42.9 
45.1 


1926 


P.ct. 
80 

77 
78 
83 
80 

69 
70 
76 
80 
80 


73 

75 
(7 
79 

76 
70 

72 
61 
60 

SO 

72 
74 
60 
70 

72 
64 
68 
60 
65 

78 
71 
78 
78 
84 

71 
72 
64 
62 
66 

69 
67 
68 
70 
68 

64 
63 
60 

65 

72 

68.3 
66.6 
65.4 
66.8 
71.2 


1927 


P.ct. 

71 
67 
66 
63 
65 

66 
64 
64 
63 

57 

55 
54 
52 
50 
46 

53 

49 
52 
52 
41 

50 
37 
43 
35 
30 

50 

47 
47 
44 
40 

60 
60 
56 

58 
54 

56 
50 
45 
40 
35 

64 
58 
54 
51 
40 

43 
35 
35 
32 
23 

50.4 
43.4 
42.1 
39.2 
31.6 


1928 


P.ct. 

74 
72 
66 
64 
66 

73 

69 
66 
55 
55 

76 
73 
70 
62 
68 

74 
75 
70 
68 
68 

7i 
70 
69 
69 
70 

71 

71 
72 
72 


73 
60 
62 
64 
61 

72 
65 
67 
70 
66 

48 
40 
44 
34 
33 

50 
50 
52 
56 
39 

57.4 
55.1 
55.7 
55.7 
57.4 


1929 


P.ct.   P.ct 


1930 


71 
66 
64 
60 
57 

58 
54 
46 
45 
41 

52 
44 
38 
36 
33 

54 
42 
48 
44 
40 

52 
44 
43 
45 
36 

53 

49 
45 
38 
30 

66 
57 
48 
45 
38 

62 
45 
42 
42 
35 

61 
52 
48 
50 
51 

60 
53 
40 
40 

42 

58.3 
51.0 
42.7 
41.9 
40.9 


63 
62 
54 
54 
54 

64 
62 
60 
56 
60 

53 
46 
46 
44 
39 

55 
46 
48 
52 
44 

61 
56 

57 
58 
55 

60 

48 
53 
57 
60 

59 
42 
41 
46 
53 

61 
52 
56 
66 
67 

50 

43 
41 
44 

48 

46 
35 
33 
32 

27 

50.8 
41.2 
40.3 
41.1 
39.0 


1931 


P.ct. 
74 
73 
75 
70 
73 

70 

68 
67 
64 
61 

71 
70 
75 
70 
64 

72 
75 
72 
77 
■,6 

72 
70 
75 
75 
70 

74 
71 
67 
65 
63 

74 
73 
75 

71 


69 
66 
69 
67 
65 

61 
53 

48 
47 
46 

65 
60 
58 
56 

58 

66.9 
62.8 
61.6 
59.6 
69.7 
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These  figures  have  a  relation  to  the  final  size  of  the  crop,  but  it  is 
not  a  close  relationsliip  in  the  early  months.  (Fig.  2.)  The  condi- 
tion figure  tends  to  approach  closer  each  succeeding  month  to  the  No- 
vember figure  on  percentage  of  full  crop  produced.  The  November 
figure  itself  usually  fails  to  reflect  the  full  extent  of  the  variation  from 
year  to  year  in  the  actual  production  as  finally  estimated.  Uncer- 
tainty lessens  as  the  season  develops.  The  condition  figures  tend  to 
be  too  low  in  very  good  years  and  too  high  iu  bad  years,  but  the 
tendency  in  most  years  is  to  be  too  high.  Decreases  are  seen  to  be 
greater  than  increases.  This  is  logical,  as  the  crop  has  a  limited  pos- 
sibility of  improvement  but  might  be  almost  totally  lost  under  very 
adverse  conditions. 

Reports  issued  by  the  Department  of  Agriculture  ordinarily  show- 
only  condition  on  the  first  of  the  months  of  July  to  October,  in  per- 


PER 
CENT 

80 
70 


1 1 1 : — 7~ 

X  =  Estimated  actual  production  in 
I         millions  of  pounds    \ 
'  November  per  cent  of  full  crop 


\ 1  I 

PER  CENT  OF  CROP  CONDITION 

—  October     —  —  September  _ 
••August       Juli^ 


POUNDS 

MILLIONS 

80 
70 


1920         1921        1922        1923        1924        1325        1926        1927         1928        1929 
Figure  2.— Pecan  reports  for  the  United  States,  1920-1930. 


1930 


The  relation  between  condition  and  production  tends  to  become  closer  each  month.  The  tendency 
in  most  years  is  for  the  early  figures  to  be  too  high.  Production  was  not  estimated  prior  to  1924. 
(X  represents  preliminary  estimates  of  absolute  production.  Revised  estimates  are  shown  in 
Table  2.) 

centage  of  a  full-crop  promise,  in  comparison  wdth  previous  months 
and  years.  Later  in  the  season,  forecasts  and  estimates  may  be  made, 
based  on  study  of  the  current  reports  of  the  crop  condition  in  compari- 
son with  condition  and  final  production  in  past  years,  on  the  reports 
of  correspondents  concerning  production  on  their  own  farms,  and  on 
the  personal  investigations  of  agricultural  statisticians  of  the  United 
States  Department  of  Agriculture  in  the  diflerent  States.  These  are 
the  principal  available  indications  of  production  that  can  be  used 
while  the  crop  is  still  being  marketed  and  until  shipment  records 
become  available. 

COST  OF  PRODUCTION 

The  cost-of-production  data  prosontod  in  this  bulletin  were  ob- 
tained in  the  s|)ring  of  1!)29  l)y  personal  interviews  with  pecan  growers 
in  the  leading  |)ecan-pr()ducing  districts  of  (Jeorgia,  Florida,  Alabama, 
Mississippi  and  Louisiana.  The  data  refer  to  improved  varieties 
only. 
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The  practices  and  expenditures  in  terms  of  physical  quantities  and 
money  are  based  on  the  most  common  method  of  orchard  develop- 
ment and  management  as  now  practiced  by  pecan  growers.  Methods 
and  practices  in  the  development  of  yoimg  pecan  orchards  and  in  the 
care  of  bearing  orchards  have  midergone  many  changes  during  recent 
years,  changes  natm-al  for  an  industry  as  young  as  the  pecan  industry. 
The  old  idea  that  it  was  necessary  only  to  plant  a  pecan  tree  and  let 
nature  care  for  it  until  it  came  to  bearmg  age  has  been  proved  a 
fallacy.  Many  growers  now  reahze  that  pecan  trees  require  as  much 
care  and  attention  as  do  other  horticultural  crops.  Perhaps  the 
greatest  improvements  have  been  m  better  cultural  practices,  better 
fertihzation,  including  the  use  of  cover  crops,  and  more  suitable 
planting  distances  for  j^oimg  orchards.  Even  though  these  improve- 
ments are  rather  widely  Imown,  many  orchards  at  present  receive 
such  indifferent  care  that  the  owners  do  not  reahze  a  profit. 

Cost  estimates  are  showTi  for  orchards  that  have  received  reason- 
ably good  care,  but  not  necessarily  the  best  care.  Notwithstanding 
great  variations  in  methods  and  practices,  each  district  has  a  general 
predominating  method  of  orchard  management  on  wliich  the  cost 
estimates  are  based. 

Where  field  crops  were  grown  in  the  orchard  for  harvest,  only  a 
part  of  the  cost  of  such  items  as  preparation  of  the  land  and  cultiva- 
tion of  the  total  orchard  acreage  and  of  the  cost  of  taxes  and  of  in- 
terest on  the  investment  was  charged  to  the  pecan  orchard.  The 
basis  for  such  charges  was  the  extent  of  the  land  area  used  by  the  trees. 
This  method  assumes  that  the  growing  of  interplanted  cash  and  feed 
crops  reduces  the  cost  of  certain  items  involved  in  developing  the 
trees  and  in  producing  the  nuts,  in  proportion  to  the  land  area  used 
by  crops  grown  in  the  orchard.  Tliis  is  an  arbitrary  and  not  alto- 
gether satisfactory  basis  for  distributing  these  costs,  but  is  the  best 
that  could  be  used  under  the  existing  circumstances.  The  costs  as 
shown  are  based  on  prices  paid  for  labor,  materials,  and  other  items, 
in  1928. 

The  cost  of  developing  pecan  orchards  for  the  first  10  years  was 
used  to  represent  the  cost  of  bringing  an  orchard  into  bearing  age. 
No  credit  was  given  for  the  value  of  nuts  produced  dm-ing  this  period. 
In  some  districts  some  production  before  the  eleventh  year  can  be 
anticipated,  especially  from  early-bearmg  varieties,  but  such  produc- 
tion from  most  varieties  is  not  of  commercial  importance. 

The  cost  of  operating  bearing  pecan  orchards  is  shown  for  orchards 
of  15  to  19  years  of  age.  The  majority  of  the  bearing  orchards  sur- 
veyed were  of  this  age. 

EXPLANATION  OF  ITEMS 

Labor  and  power  rates.- — Charges  for  man  labor  are  based  on  pre- 
vaihng  local  rates  for  labor  hired  by  the  day  in  1928.  Rates  for  horse 
work  are  based  on  the  estimated  cost  of  keeping  work  stock.  Charges 
for  use  of  tractors  are  based  on  the  estimated  cost  of  operating  tractors. 

Supervision. — Supervision  refers  to  the  labor  of  a  general  super- 
visory nature  performed  by  the  owner  or  hired  manager.  This 
labor  was  charged  at  double  the  rate  for  ordinary  labor. 

Materials. — Such  items  as  trees,  commercial  fertilizer,  manure, 
cover-crop  seed,  and  spray  materials  were  charged  at  cost  when  pur- 
chased, and  at  farm  value  when  produced  on  the  farm. 
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Orchard  sanitation. — Orchard  sanitation  includes  such  operations  as 
knocking  off  scab-infested  leaves  and  nut  shucks  in  the  winter,  dis- 
posing  of  girdled  twigs  and  limbs,  destroying  web  worms,  etc. 

Rate  of  vjork  per  day. — The  term  "rate  of  work  per  day"  refers  to  the 
amount  of  work  done  per  day  on  the  basis  of  the  entire  orchard 
acreage  and  accounts  for  the  relatively  large  number  of  "orchard 
acres  "  covered  a  day  for  such  operations  as  cultivating  tree  rows  and 
applying  fertilizer  around  trees,  where  only  a  portion  of  the  actual 
orchard  space  is  covered. 

Reserve  for  orchard  depletion. — ^A  charge  for  depletion  of  the  orchard 
based  on  its  bearing  life  is  usually  included  in  a  study  of  orchard 
costs.  As  the  production  of  improved  varieties  of  pecans  has  been 
under  way  for  so  short  a  time  that  no  one  knows  the  bearing  life  of 
an  improved  pecan  orchard,  no  charge  for  orchard  depletion  is  in- 
cluded in  this  study.  There  are  records,  however,  of  seedling  pecan 
trees  over  100  years  of  age  which  are  still  bearing.  If  improved 
varieties  have  as  long  a  period  of  bearing  life  as  seedlings,  this  charge 
would  obviously  be  so  small  as  to  be  almost  negligible. 

Overhead.- — Overhead  includes  a  charge  for  such  items  of  general 
farm  maintenance  expenses  as  building  and  fence  repairs,  general 
farm  insurance,  and  miscellaneous  cash  and  labor  items  used  in  operat- 
ing the  farm.  In  this  study  overhead  was  estimated  as  amounting  to 
15  per  cent  of  the  cost  of  labor,  power,  and  materials  used  in  pecan 
production. 

Interest. — During  the  development  period,  interest  was  figured  for 
a  specific  year  at  prevailing  rates  on  the  previous  year's  development 
costs  and  on  the  original  value  of  the  land  occupied  by  the  trees  and 
on  the  value  of  the  machinery  used  in  developing  the  orchard.  The 
interest  charge  for  bearing  orchards  was  figured  on  the  total  computed 
cost  of  developing  an  orchard  into  bearing,  plus  interest  on  the  value 
of  the  land  occupied  by  the  trees  and  on  the  value  of  machinery  used 
in  operating  the  bearing  orchard.  For  orchards  purchased,  interest 
should  be  computed  on  the  price  paid.  Orchards  in  some  districts 
may  sell  for  more  than  the  cost  per  acre  as  computed  in  this  study. 

Use  of  machinery. — Machinery  costs  include  depreciation  and  repairs 
for  tillage  implements  and  other  machinery  used  in  handling  orchards, 
excluding  tractors.  The  charge  for  tillage  implements  was  estimated 
at  3.75  cents  per  horse  hour  used.  Sprayer  charges  were  estimated  at 
65  cents  an  hour  of  use. 

Taxes. — The  tax  charge  is  a  pro  rata  share  of  the  1928  land  tax;  the 
part  charged  to  pecans  is  in  proportion  to  the  value  of  the  land  used 
by  the  pecan  trees.  In  general,  young  pecan  orchards  are  assessed  at 
the  same  value  as  land  of  the  same  grade  without  trees. 

FARMS  STUDIED 

Records  were  obtained  on  a  total  of  222  pecan  farms  located  in  nine 
important  pecan-})ro(hicing  districts.  (Fig.  3.)  In  all,  408  blocks  of 
trees,  each  block  representing  a  separate  planting,  were  included  in  tlie 
study.  In  all  tiiese  districts  snudl  orcliards  were  found,  but  a  number 
of  the  pecan  farms  studied  had  several  hundred  acres,  which  require 
the  full-time  services  of  the  owner  or  manager  and  a  cor])s  of  assistants. 
Some  of  the  larger  pecan  farms  are  o])era(ed  ])v  companies  or  indi- 
vidual caretakers  who  care  for  the  orchards  of  absentee  owners.  The 
holdings  of  these  absentee  owners  are  usually  small,  5-acre  tracts  being 
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the  most  common  size.  In  this  study  a  group  of  these  holdings  under 
one  management  was  considered  as  one  farm.  (Table  9.)  Because  of 
this  fact  these  farms  can  not  be  said  to  be  typical  of  individual  holdings, 
so  far  as  size  of  orchards  is  concerned.  It  should  also  be  borne  in 
mind  that  selection  of  these  farms  was  necessary  because  of  the 
desh-ability  of  interviewing  men  who  had  cared  for  their  orchards  for 
some  time  and  because  of  the  necessity  of  collecting  facts  on  orchards 
that  were  m  the  developmental  stage  and  on  others  that  were  of 
bearing  age.  The  age  of  these  orchards  varied  from  less  than  1  year 
to  over  30  years,  but  in  selecting  a  group  on  which  to  base  an  estimate 
of  the  cost  of  operating  bearing  orchards,  those  from  15  to  19  years  of 
age  were  used.  The  majority  of  the  bearing  orchards  surveyed  were 
of  this  age. 

Yield  records  obtained  in  the  field  were  supplemented  by  infor- 
mation from  a  mailed  questionnaire  survey  conducted  by  the  Division 
of  Crop  and  Livestock  Estimates. 


/  DISTRICTS  WHERE 

MASVILLE 


COST-OF- PRODUCTION 
STUDIES  WERE  MADE 


Figure  3. — Cost-of-production  studies  were  made  in  nine  of  the  principal  districts  producing 

improved  varieties  of  pecans 

Table  9. — Number  of  farms  studied,  by  States,  and  by  acreage  in  pecans,   1928. 


Georgia 

Florida 

Alabama 

Missis- 
sippi- 
Gulf 
coast 

Louisi- 

Acres in  pecans 

Albany 

Thom- 
asville 

Monti- 
cello 

East- 
ern 

Mobile 

Selma 

Eu- 
faula 

ana — 

Shreve- 

port 

25  and  under               -  -- 

Number 
3 
4 
1 
3 
1 
1 
4 
4 
19 

Number 
0 
2 

1 
2 

1 
1 
2 

0 
1 

Number 
18 
6 
1 
0 
3 
0 
0 
1 
2 

Number 
23 
7 
5 
4 
2 
1 
0 
1 
1 

Number 
5 
3 
1 
1 
0 
1 
0 
0 
2 

Number 
3 
3 
1 
3 
1 
1 
0 
0 
2 

Number 
3 
4 
1 
1 
0 
1 
0 
0 
4 

Number 

22 

4 

6 

2 

3 
1 
2 

Number 
1 

26-50.--             

2 

51-75 

3 

76-100 

101-125 

2 
1 

126-150 

1 

151-175 

0 

176-200 

2 

Over  200 

4 

Total 

40 

10 

31 

44 

13 

14 

14 

40 

16 

'  Many  of  the  farms  listed  with  large  acreages  are  made  up  of  small  individual  holdings  (usually  5-acre 
tracts)  under  the  same  management. 

Small  individual  holdings  under  one  management  are  found  most 
frequently  in  the  Albany  district  of  Georgia.  This  district  represents 
one  of  the  most  extensive  districts  now  producing  improved  varieties 
of  pecans.     Fifty-eight  per  cent  of  the  farms  studied  had  all  of  their 
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crop  acreage  in  pecans;  42  per  cent  had  only  a  part  of  their  crop 
acreage  in  pecans,  the  remainder  being  planted  to  such  crops  as 
cotton,  corn,  peanuts,  and  hay.  Usually  cash  and  feed  crops  are 
produced  among  the  trees  of  the  young  pecan  acreage  in  this  district. 
It  is  on  the  northern  fringe  of  the  Albany  district  that  pecan  orchards 
are  operated  in  connection  with  the  production  of  cotton  and  other 
field  crops.  In  the  central  and  southern  part  of  the  district  pecan 
production  is  more  specialized. 

On  the  farms  studied  in  the  Thomasville  district  of  Georgia  the 
entire  crop  acreage  was  usually  planted  to  pecans,  although  on  a  few 
farms  the  production  of  crops  on  land  not  in  orchard  was  of  some 
importance  and  consisted  mainly  of  corn  and  hay,  In  the  young 
orchards,  the  usual  practice  is  to  grow  field  crops  for  harvest. 

In  the  two  Florida  districts  crops  are  usually  gro\vn  in  the  pecan 
orchard  in  the  early  stages  of  tree  growth.  On  many  of  the  pecan 
farms  in  these  districts,  such  crops  as  corn,  hay,  cotton,  peanuts,  and 
melons  are  grown  on  land  not  in  orchard.  On  other  farms  the  entire 
crop  acreage  is  planted  to  pecans.  A  large  proportion  of  the  pecan 
farms  studied  are  relatively  small. 

On  many  of  the  pecan  farms  in  the  Alobile  district  of  Alabama, 
Satsuma  oranges  are  interplanted  with  the  pecan  trees  and  additional 
small  acreages  of  cotton,  corn,  and  hay  are  grown. 

Table  10. — Percentage  distribution  of  blocks  of  pecan  trees  by  age  group,  and  by 

number  of  trees  set  per  acre  ' 


Number  of  trees 
set  per  acre 


Under  0 

»-ll 

12-14.... 
15-17... 
18-20... 


Under  10 

10  to  19 

20  years 

years  of 

years  of 

of  age 

age 

age 

and  over 

Per  cent 

Per  cent 

Per  cent 

9.2 

3.2 

3.8 

4.2 

3.7 

2.6 

30.3 

21.8 

14.1 

35.9 

31.9 

28.2 

10.6 

14.9 

14.1 

Number  of  trees 
set  per  acre 


21-23... 
24-26... 
27-29... 
Over  29 


Under  10 

years  of 

age 


Per  cent 
3.5 
2.1 
3.5 

.7 


10  to  19 

years  of 
age 


Per  cent 

6.9 

.5 

12.8 

4.3 


20  years 

of  age 

and  over 


Per  cent 
6.4 
0 

21.8 
9.0 


1  Based  on  408  blocks  of  trees,  each  block  representing  a  separate  planting.    (Table  11.) 

In  the  Eufaula  and  Selma  districts  of  Alabama  and  in  the  Shreve- 
port  district  of  Louisiana  the  majority  of  the  pecan  farms  studied 
not  only  had  crops  in  the  young  orchards,  but  they  also  contained  a 
considerable  additional  acreage  of  cotton  and  corn,  and  in  many 
instances,  of  oats,  hay,  and  peanuts.  In  the  Shreveport  district 
crops  are  generally  grown  in  the  bearing  orchards.  Generally  the 
acreage  of  field  crops  outside  of  the  orchard  exceeded  the  acreage 
devoted  to  pecans.  It  may  be  said  that  these  districts  represent  the 
type  of  farming  whore  pecans  arc  produced  in  a  more  or  less  general 
farming  system  with  cotton  and  corn  the  major  farm  enterprises. 

Many  of  the  pecan  farms  studied  in  the  Mississippi  Gulf  coast 
district  are  relatively  small.  Although  a  few  pecan  growers  plant 
truck  crops  and  Satsuma  oranges  in  the  orchard,  the  general  practice 
is  not  to  inter(;rop  the  orchard.  Many  of  the  growers  have  additional 
small  acreages  for  feed  crops. 
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PLANTING  DISTANCES  OF  PECAN  TREES 

In  the  early  days  of  the  pecan  industry  there  was  a  tendency  to  set 
trees  more  closely  together  than  has  been  the  practice  during  recent 
years.  Of  408  blocks  of  trees,  more  than  50  per  cent  of  those  that 
are  20  years  of  age  and  over  were  set  at  the  rate  of  18  or  more  trees 
to  the  acre;  of  those  under  10  years  of  age  only  20  per  cent  have  as 
many  as  18  trees  to  the  acre  and  44  per  cent  have  14  or  fewer  trees  to 
the  acre.  (Table  10.)  The  square  method  of  planting  is  the  one  most 
commonly  used. 

The  variation  in  number  of  trees  set  per  acre  in  the  orchards  studied 
is  from  4  to  50.  (Table  11.)  However,  121  blocks  of  trees  were  set 
50  by  50  feet,  or  17  to  the  acre,  and  82  were  set  60  by  60  feet,  or  12 
to  the  acre.  These  are  the  two  most  common  planting  distances 
observed. 


Table  11. — Distribution  of  blocks  of  pecan  trees  by  age  group,  and  by  number  of 

trees  set  per  acre  i 


Number  of  trees  set  per  acre 

1  to4 
years 

5  to  9 
years 

10  to  14 
years 

15  to  19 
years 

20  to  24 
years 

25  to  29 
years 

30  years 
and  over 

50                  

Nu7nbcr 

Number 

Number 

Number 
1 
2 

1 

Nuviber 

Number 

Number 

48  ...     

2 
1 
1 

36 

1 

1 

35 

1 

2 

32 

1 

31 

1 

1 

29. 

1 
12 

27 .  . 

2 

3 
3 

10 
.. 

5 
11 

1 

1 
21 

2 

1 

4 

14 
1 
1 
6 

14 

2 

2 

24 

22 

21.. 

3 
2 
2 
2 
20 
2 

2 
6 

2 
1 

25 
2 
2 

1 

1 

23 

4 
7 
1 
1 
12 

1 

20 

9 

19 

18 

1 
34 

17 .  . 

7 

2 

16 

15 -        

2 
3 

1 

14 ._. 

2 

1 

15 

1 

13... 

12 

18 
2 
2 

1 

16 
3 

8 

2 

11 

10. 

2 
1 
1 
1 
2 

4 
3 
2 
2 

1 
1 

1 

8. 

1 

7 

6 

1 

1 

5 

1 

4... 

1 

2 

1 

Total 

58 

84 

86 

102 

54 

15 

9 

'  A  total  of  408  blocks  of  trees,  each  block  representing  a  separate  planting. 

The  age  at  which  pecan  trees  begin  to  crowd  each  other  aepends  on 
the  variety  and  to  a  large  extent  on  the  fertility  of  the  soil.  With 
reference  to  this  point  a  published  report  ^  based  on  an  orchard  of 
the  Frotscher  variety  at  Thomasville,  Ga.,  gives  the  information  in 
the  following  paragraph. 

Trees  of  the  Frotscher  variety  in  this  section  are  vigorous  growers 
and  wide  spreaders  and  crowd  each  other  at  an  earlier  age  than  do 
trees  of  some  other  varieties.  At  about  12  or  13  years  of  age  trees  of 
this  variety  set  50  by  50  feet,  or  about  17  to  the  acre,  were  very 
symmetrical  and  uniform  in  shape  and  had  attained  a  growth  which, 

'  Parker,  C.  S.    proper  distance  for  trees  in  a  pecan  grove.    Natl.  Pecan  Growers  Assoc.  Proc. 
1922:  48.     1922. 
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in  many  instances,  allowed  the  limbs  from  adjacent  trees  to  tolich 
each  other.  During  the  next  two  years  the  lower  limbs,  with  leW 
exceptions,  died,  thereby  greatly  reciucing  the  beaiing  surface  of  the 
trees.  Later,  the  even  numbei*s  from  the  first  row  and  the  odd  num- 
bei's  from  the  second  row  (and  so  on)  were  removed,  leaving  the  trees 
that  remained  at  about  71  by  71  feet,  or  about  9  trees  to  the  acre. 
Since  the  i-emoval  of  the  excess  trees,  the  remaining  trees  have 
iloiirished  and  are  again  developing  their  rounded  forms. 

During  the  first  few  years  of  the  bearing  life  of  a  pecan  orchard,  or 
up  to  the  time  the  trees  begin  to  crowd,  a  greater  production  per  acre 
<can  be  anticipated  from  trees  set  fairly  close  together.  Notwithstand- 
ing the  possibility  of  a  greater  yield  for  the  first  few  years  it  is  doubtful 
if  this  added  production  will  more  than  offset  the  cost  of  carrying  the 
excess  trees  through  the  development  period  and  the  cost  of  removing 
them  when  they  begin  to  crowd.  If  the  trees  are  set  close  together 
they  should  be  so  spaced  that  those  remaining,  after  some  have  been 
removed,  will  be  in  a  fairly  symmetrical  arrangement. 

If  the  excess  trees  are  not  removed  when  they  begin  to  crowd, 
nature  wall  come  to  the  aid  of  the  trees  in  their  search  for  sunlight 
and  air  and  cause  the  lower  limbs  to  die  so  that  a  large  amount  of 
valuable  bearing  surface  will  be  lost.  As  there  is  always  the  danger 
that  the  removal  of  excess  trees  wdll  be  delayed  too  long,  perhaps  the 
safest  course  to  pursue  is  to  set  the  trees  a  greater  distance  apart. 
Table  11  shows  that,  as  many  of  the  recent  plantings  are  set  too 
close  for  the  future  well-being  of  the  mature  orchard,  some  of  these 
trees  should  be  removed  after  a  few  years  of  bearing  life. 

CONTROL  MEASURES  FOR  PECAN  SCAB  INFESTATION 

Some  of  the  fungus  diseases  affecting  the  pecan  are  the  brown  leaf 
spot,  blotch,  downey-spot,  and  scab.  Of  all  of  these,  pecan  scab  is 
of  the  most  economic  importance.  This  disease  affects  the  leaves, 
twigs,  and  nuts  of  the  pecan  tree  with  by  far  the  greatest  injury  to 
the  nuts.  It  is  most  serious  in  districts  of  high  humidity,  high  tem- 
perature, and  frequent  summer  rains.  Until  recently  pecan  scab 
was  not  of  great  economic  importance  except  in  the  southeastern 
United  States  within  a  distance  of  from  50  to  100  miles  from  the 
coast.  Scab  infestation  has  continued  to  spread,  however,  until  it  is 
fairly  well  distributed  over  the  pecan  belt  except  in  the  drier  districts 
of  the  Southwest. 

TOP-WORKING 

Formerly  many  cultivated  varieties  of  pecans  were  thought  to  be 
practically  immune  to  scab  infestation.  The  Teche,  Curtis,  Money- 
maker, Russell,  Stuart,  and  Frotscher  were  considered  highly 
resistant.  Of  the  cultivated  varieties  most  susceptible  to  scab 
Delmas,  Georgia,  Alley,  Van  Deman,  Schley,  Pabst,  Mobile,  Success, 
and  Moore  may  be  classified  in  the  order  named. ^  Recent  observa- 
tions, however,  indicate  that  the  scab  fungus  is  becoming  of  economic 
importance  on  the  so-called  highly  resistant  varieties. 

As  the  effective  control  of  this  disease  is  a  matter  of  great  importance 
to  the  pecan  infliistry  the  practice,  widely  followed,  of  top-working 
susceptible  varieties  to  so-called  nonsusceptible  varieties  may  need 

'  DeMARKK,  J.  B.      PECAN  .SCAB  WITH  SPECIAL  REFERENCE  TO  SOURCES  OF  THE  EARLY  SPRING  INFECTION. 

Jour.  Agr.  Kesearch  28:  321-330,  illus.     1924. 
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to  be  abandoned  and  other  methods  of  control  adopted.  The  cost  of 
top-working  to  so-called  nonsusceptible  varieties  and  the  time  re- 
quired for  the  top-worked  tree  to  come  into  commercial  bearing  again 
are  important  items  for  consideration.  So  many  factors  enter  that  a 
reasonable  estimation  of  this  cost  is  difficult.  Estimates  indicate  that 
the  total  cost  of  top-working  including  necessary  care  following  will 
approximate  $1  for  each  inch  in  diameter  of  the  top-worked  tree. 
The  length  of  time  before  top-worked  trees  come  into  bearing  again 
depends  on  a  number  of  conditions,  but  it  is  safe  to  state  that  the  new 
top  will  begin  bearing  in  from  2  to  5  years  and  will  yield  a  com- 
mercial crop  in  6  to  8  years. ^ 

COST  OF  SPRAYING  AND  DUSTING 

In  humid  regions  where  scab  is  prevalent,  spraying  or  dusting 
susceptible  varieties  may  be  essential  to  save  the  pecan  crop.  With 
indications  of  a  heavy  crop  set  in  the  spring,  spraying  or  dusting 
these  varieties  may  mean  the  difference  between  no  crop  and  a  full 
crop.  The  impression  prevails  in  some  sections  that  the  cost  of 
spraying  and  dusting  is  prohibitive.  The  estimates  of  the  cost  of 
these  operations  (shown  in  Table  12  for  the  year  1928)  should  serve 
to  disprove  this  assumption. 

Table  12. — Comparative  cost  per  acre  per  season  of  spraying,  and  dusting  16-year- 
old  pecan  trees  set  12  to  the  acre  according  to  a  common  metJiod  and  at  cost  rates 
prevailing  in  1928 


Item 

Spraying 

Dusting 

Quantity 

Cost 

Quantity 

Cost 

Materials  used,  per  acre: 

Bordeaux  mixture  3-4-50  

Gallons 
900 

Dollars 
4.86 

Pounds 

Dollars 

20-80  copper-lime  dust 

240 

Number 
4 

2 
2 

Hours 
2 
2 

1 

14.40 

Applications      .  

Number 
3 

3 
2 

Hours 
15.3 
10.2 
5.1 

Usual  crew: 

Men     --      - --      

Horses  _  . 

Cost  per  acre: 

Man  labor                                                

2.65 
1.28 
3.83 

38 

Horse  work               --.. ._-.- 

25 

Sprayer  use    

75 

Total                                          -              --           --    

12.62 

15  78 

On  the  basis  of  16-year-old  trees  set  at  60  by  60  feet,  or  12  to  the 
acre,  the  cost  per  acre  of  three  applications  of  a  standard  3-4-50 
Bordeaux  mixture  is  about  $12.60,  wliile  the  cost  per  acre  of  four 
applications  of  a  20-80  copper-lime  dust  is  about  $15.80.  Based  on 
the  recommended  number  of  applications  of  wet  spray  and  of  dust 
(three  and  four,  respectively)  these  figures  show  a  somewhat  liigher 
cost  per  acre  for  dusting  than  for  spraying.  On  a  tree  basis,  the 
cost  per  season  is  $1.05  for  spraying  and  $1.32  for  dusting.  With 
pecans  selling  at  30  cents  a  pound,  about  ?>}i  pounds  of  nuts  per  tree 
would  pay  for  a  season's  spraying  and  4^2  pounds  would  pay  for  a 
season's  dusting. 


5  Blackmon,  G.  H.    top-woeking  pecan  trees.    Fla.  Agr.  Expt.  Sta.  Bui.  170:  187.    1924. 
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On  the  farms  visited  in  1928  neither  the  practice  of  spraying  nor 
that  of  dusting  was  commonly  followed.  Considering  the  increased 
yield  that  normally  may  be  expected  in  humid  districts,  as  a  result 
of  spraying  or  dusting  varieties  susceptible  to  scab,  it  appears  that 
these  control  measures  may  be  practiced  to  advantage. 

A  sprayer  of  sufficient  power  and  capacity  for  effective  work  in 
old  pecan  orchards  costs  about  $1,250,  whereas  a  suitable  duster 
costs  about  $500,  To  justify  the  purchase  of  a  sprayer  a  grower 
should  have  not  less  than  25  acres  of  pecan  orchard  and  for  the 
purchase  of  a  duster  probably  not  less  than  10  acres.  Some  pecan 
growers  ^v'ith  small  acreages  may  find  it  advantageous  to  own  this 
equipment  in  partnersliip  with  neighbors. 

CONTROL  MEASURES  FOR  PECAN  INSECTS* 

Among  the  various  insects  which  attack  the  pecan  and  cause 
damage,  the  pecan  leaf  case-bearer,  the  pecan  nut  case-bearer,  the 
black  pecan  aphid,  and  the  hickory  shuckworm  are  of  major  economic 
importance;  in  Umited  localities  the  obscure  scale  and  the  pecan 
weevil   are   also   of   considerable  importance. 

The  pecan  leaf  case-bearer  occurs  in  very  injurious  numbers  in 
orchards  in  the  southern  portion  of  the  pecan-growing  area,  extending 
from  Florida  to  Texas.  This  insect  does  not  attack  the  nuts  directly, 
but  it  destroys  many  blossom  buds  in  the  spring.  As  the  initial 
activity  of  the  larvse  of  this  insect  in  the  spring  is  confined  to  the 
terminal  and  lateral  buds  after  differentiation  has  taken  place,  the 
damage  they  do  plays  an  important  part  in  reducing  the  jdelds. 

Pecan  growers  annually  use  considerable  quantities  of  calcium 
arsenate  in  the  control  of  tliis  insect.  This  insecticide  is  used  at  the 
rate  of  1  pound  to  50  gallons  of  3-4-50  Bordeaux  mixture.  Under 
no  circumstances  should  calcium  arsenate  be  used  without  Bordeaux 
mixture,  as  more  or  less  serious  injury  to  the  foliage  or  nuts  is  likely 
to  result  if  the  mixture  is  not  used.  Only  one  thorough  spraying  is 
necessary  to  control  this  pest.  Tliis  spraying  should  take  place  at 
the  time  of  the  last  Bordeaux  application  for  pecan  scab,  leaf  blotch, 
or  brown  leaf  spot — about  July  15. 

The  pecan  nut  case-bearer  has  often  been  reported  as  destroying 
from  one-third  to  three-fourths  of  the  total  crop  of  wild  pecans  in 
various  localities  in  Texas.  It  is  also  present  in  Florida,  Georgia, 
Alabama,  Mississippi,  and  Louisiana,  where  it  occasionally  becomes 
a  serious  pest.  Serious  destruction  in  most  of  these  localities  occurs, 
on  an  average,  in  only  one  jenr  out  of  five.  Considerable  study  has 
been  devoted  to  the  problem  of  controlling  the  pecan  nut  case-bearer, 
but  because  of  the  peculiar  habits  of  the  pest  no  satisfactory  practical 
control  measure  has  yet  been  devised. 

The  black  pecan  aphid,  like  all  other  j^lant  lice,  feeds  upon  the 
sap  which  is  sucked  up  through  the  beak  thrust  into  the  tissues  of  the 
leaf.  The  damage  caused  by  this  insect  is  difficult  to  estimate.  In 
times  of  a  severe  infestation  there  is  undoubtedly  a  drain  which  inter- 
feres with  the  proper  functioning  of  the  tree.  Coupled  with  this,  the 
premature  defoliation  resulting  from  the  feeding  of  the  aphids  has  a 
tendency  to  result  in  unfilled  and  undeveloped  nuts.  Owing  to  the 
fact  that  it  takes  considerable  spray  material  properly  to  spray  large 

*  For  further  information  on  pecan  insects  and  their  control  sec  Farmers'  Bulletin  1654,  Insects  of  Uie 
Pecan  and  Uow  to  Control  Them. 
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pecan  trees,  growers  are  rather  reluctant  to  use  nicotine  sulphate  40 
per  cent,  which  is  at  present  recommended,  but  a  considerable  quan- 
tity of  this  insecticide  is  used  each  season  in  controlling  the  aphid. 

The  hickory  shuckworm  occurs  in  practically  every  section  of  the 
pecan  belt.  Mining  or  tunneling  of  the  shucks  often  results  in  the 
improper  development  of  the  nut  kernels  and  prevents  the  natural 
separation  of  the  shucks  from  the  nutshells.  Nuts  infested  by  the 
shuckworm  are  often  undersized  and  are  usually  later  in  maturing 
than  are  those  that  are  free  from  this  pest.  The  damage  is  not  restric- 
ted entirely  to  the  matured  nuts,  for  in  the  spring  and  early  summer 
the  larvae  destroy  the  small,  green  nuts  by  eating  out  the  interior. 
Injury  of  this  type  is  not  so  noticeable  as  that  caused  in  the  fall,  but 
it  should  not  be  minimized,  since  investigations  have  shown  that  it 
plays  no  small  part  in  the  reduction  of  the  nut  crop.  Since  the 
insects  pass  the  winter  as  larvse  in  the  shucks,  one  means  of  aiding 
control  is  to  gather  and  destroy  all  shucks  during  or  immediately 
after  harvest.  Some  pecan  growers  use  sheets  for  harvesting  their 
crop;  in  so  doing  the  shucks  are  conveniently  piled  on  the  sheet  and 
are  later  removed  from  the  grove  and  destroyed.  As  yet  no  satis- 
factory spraying  method  for  shuckworm  has  been  devised. 

YIELD  OF  PECANS 

Economical  yields  are  the  basis  of  successful  crop  production  and 
should  be  the  goal  of  every  orchardist.  Unlike  annual  crops,  pecan 
trees  can  not  be  taken  on  trial  and  then  easily  discontmued  if  the 
results  do  not  meet  expectations.  Since  a  pecan  orchard  represents 
a  considerable  investment  and  requires  a  number  of  years  of  care 
before  giving  any  return,  it  is  especially  important  that  it  be  so  set 
and  cared  for  that  it  will  produce  enough  nuts  to  return  a  profit  to 
the  grower.  Pecan  yields,  however,  are  so  highly  uncertain  that  the 
grower  may  have  serious  financing  problems. 

There  has  been,  and  still  is,  much  misunderstanding  about  the 
yields  reasonably  to  be  expected  from  pecan  orchards.  The  phenom- 
enal yield  from  some  individual  tree  is  frequently  used  in  estimating 
the  potential  returns  from  a  prospective  orchard.  For  example, 
individual  old  trees,  having  the  advantage  of  unusually  favorable 
growing  conditions,  have  been  known  to  yield  in  excess  of  500  pounds 
of  nuts  in  a  single  year.  The  enthusiastic  planner,  hearing  of  such 
yields  from  a  single  tree,  is  prone  to  think  that  an  extensive  commercial 
orchard,  producing  nuts  in  proportion  to  the  model  tree  according  to 
its  age,  would  be  a  good  thing  to  own.  As  trees  planted  in  orchards 
rarely  yield  in  proportion  to  isolated  trees  under  higher  favorable 
envii'onment,  one  should  not  be  misled  by  taking  such  individual  tree 
records  as  a  basis  for  estimating  probable  returns  from  commercial 
plantings.  Rather,  a  person  who  contemplates  setting  out  a  pecan 
orchard  and  who  wishes  to  estimate  his  potential  returns  should  note, 
if  possible,  the  results  being  obtained  from  well-cared-for  orchards  of 
fau'ly  good  size  in  the  community  in  which  he  contemplates  planting. 

There  is  a  wide  range  in  yields,  not  only  between  orchards  of 
different  ages  but  also  between  orchards  falling  in  the  same  age  group. 
(Table  13.) 
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Pecan  trees  may  bear  a  few  nuts  when  3  to  5  years  of  age  but, 
generally  spealdng,  orchards  do  not  come  into  commercial  bearing 
until  they  are  at  least  10  years  old.  With  proper  care  the  trend  in 
yields  is  then  upward  as  the  orchard  increases  in  age.  This  increase 
is  by  no  means  a  fixed  ratio,  as  yields  depend  not  only  on  the  age  of  the 
trees  but  on  the  soil,  climatic  conditions,  variety,  planting  distance, 
and  system  of  orchard  management  followed. 

Table  14. —  Yield  per  acre  of  38  individual  -pecan  orchards  for  which  data  were 
complete  for  either  four  or  five  years,  1924-1928  i 


State,  and  district 

Orchard 

Trees 

set  per 

acre 

Age  of 
orchard 
in  1928 

Yield  per  acre 

1928 

1927 

1926 

i925 

1924 

Average 

Georgia: 

Albanv                     _  - 

1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

37 

38 

Number 
20 
20 
20 
20 
17 

12 
17 
17 
17 
17 
27 
27 
48 
21 
17 
17 
17 
24 

20 
17 
15 
22 
17 
12 
17 
8 

17 
12 
17 

17 
17 
15 
48 
17 
17 
12 

14 
12 

Years 

18 

1.5-19 

18-20 

16 

18 

15 
15 
IS 

15-19 
16 
16 

16-20 
17 

15-18 
18 
15 
15 
15 

15-18 
18 
15 
18 
15 
18 

18-19 
16 

17 

18 

15-19 

15 

16 
18 
16 
18 
15 
18 

19 
16 

Pounds 

167 
90 
279 
147 
194 

72 
100 
460 

48 
200 
594 
188 
571 

88 
260 
265 

83 
400 

302 
438 
326 
585 
214 
220 
67 
114 

32 
620 

35 

17 

130 

229 

1,825 

125 

52 
553 

20 
70 

Pounds 

150 

48 

126 

104 

94 

11 
100 
720 
120 

17 
562 
112 
143 

53 
200 
135 

27 

40 

0 
0 
0 
0 
107 

20 
3 

86 

0 
0 
0 
0 

56 

80 

50 

0 

1 

0 

40 
0 

Pounds 

165 

207 

407 

53 

62 

111 
150 
640 

48 
117 
125 
225 
286 

59 
509 

77 

40 
160 

0 
0 
0 
0 

236 

500 

0 

71 

0 

20 

0 

0 

6 

11 

0 

0 

0 

344 

30 
299 

Pounds 

185 
260 

36 
106 

16 

83 
110 
600 
112 

50 
250 
125 
143 

41 
400 
192 

67 
100 

225 
225 

82 
425 
164 

70 
0 

57 

29 
200 
140 
6 
3 
169 
750 

75 
111 

31 

6 
63 

Pounds 

80 
0 
0 
0 

16 

56 

560 
100 

67 

(') 

1.50 

143 

12 

300 

(2) 
53 
200 

(2) 

(2) 
44 
75 

(2) 

(') 

34 

0) 
0 

{') 
(.') 

90 

(2) 
344 

8 
90 

Pounds 

149 

Do 

)21 

Do 

170 

Do 

82 

Thomasville 

76 

Florida: 

Monticello 

67 

Do     .      

3    115 

Do 

596 

Do 

86 

Eastern       -     

90 

Do 

3  383 

Do 

160 

Do     -      -    

257 

Do 

51 

Do 

334 

Do  -.      

3  167 

Do 

54 

Do 

180 

Alabama: 

Mobile 

3  132 

Do 

3  166 

Do---      

90 

Do 

217 

Selma                      

3  180 

Do     

3  202 

Do 

3  18 

Eufaula                 - 

72 

Mississippi: 

Gulf  coast --- 

3  15 

Do 

3  210 

Do 

35 

Do 

36 

Do 

3  49 

Do 

3  122 

Do 

3  656 

Do 

58 

Do 

3  41 

Do 

254 

Louisiana: 

Shre  veport 

21 

Do 

104 

Average 

208 

84 

130 

1.50 

*  105 

1  The  1928  yields  of  pecans  for  a  majority  of  these  selected  orchards  were  considerably  higher  than  the 
average  yield"  of  all  orchards  studied. 

2  Data  not  available. 

3  4- year  average. 

*  Average  of  23  orchards  for  which  data  were  available. 

Yields  per  acre  of  38  individual  pecan  orchards  for  the  years  1924- 
1928  are  shown  in  Table  14.  Although  the  quality  of  most  of  these 
orchards  was  decidedly  better  than  average,  the  yield  figures  serve  as 
illustrations  of  variations  in  production  from  orchard  to  orchard  and 
from  year  to  year.  The  variation  in  yield  of  a  single  orchard  over  a 
period  of  years  may  be  as  wide  as  the  variation  between  individual 
orchards  during  a  single  year.  Although  few  of  the  orchards  shown 
had  consistently  high  yields,  a  large  proportion  had  relatively  good 
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production  over  a  period  of  years.  The  extent  to  which  the  use  of 
better  cultural  practices  may  eliminate  the  uncertainty  of  obtaining 
uniformly  good  yields  still  remains  to  be  seen. 

COST  OF  DEVELOPING  PECAN  ORCHARDS  AND  COST  OF  OPERATING 
BEARING  ORCHARDS,  BY  DISTRICTS 

The  general  practice  of  orchard  development  is  somewhat  similar 
in  all  districts,  in  so  far  as  the  growing  of  interplanted  field  crops  for 
harvest  is  concerned,  except  in  the  Gulf  coast  district  of  Mississippi 
and  the  Mobile  district  of  Alabama.  Interplanted  crops  are  grown  for 
feed  and  for  the  purpose  of  deriving  some  cash  income  from  the 
orchard  while  the  trees  are  still  in  the  development  stage.  In  the 
Mobile  district  a  jSller  crop  of  Satsuma  oranges  is  common.  Along  the 
Mississippi  Gidf  coast  interplanted  crops  for  harvest  are  not  commonly 
grown  in  young  orchards. 

After  the  pecan  orchard  comes  into  commercial  bearing  the  inter- 
planting  of  field  crops  for  harvest  is  discontinued  in  most  districts 
and  pecan  production  is  then  given  the  entire  consideration.  The 
exceptions  are  the  Mobile  district  of  Alabama,  where  the  growing  of 
Satsuma  oranges  is  commonly  continued  in  the  bearing  orchards,  and 
the  Shreveport  district  of  Louisiana,  w^herc  interplanted  farm  crops  for 
harvest  are  commonly  growTi  in  bearing  orchards. 

The  total  cost  of  developing  a  pecan  orchard  into  bearing  shows 
considerable  variation  as  between  districts.  Tliis  variation  is  due  to  a 
number  of  factors  such  as  wages  of  man  labor,  horse-work  rates,  and 
use  of  fertilizer.  The  greatest  single  factor  in  the  following  cost 
figures  is  the  amount  of  the  joint  costs  that  are  charged  to  pecans. 
The  cost  of  bringing  a  pecan  orchard  into  bearing  along  the  Mississippi 
Gulf  coast,  the  one  district  where  interplanted  crops  for  harvest  are 
not  common,  was  much  higher  than  in  any  other  district. 

The  pecan  tree  reqiures  a  fertile,  productive  soil;  if  intercropping 
is  practiced  to  offset  to  some  extent  the  expense  during  the  develop- 
ment period,  a  proper  rotation  of  crops  \vith  frequent  use  of  legumes 
should  be  followed,  together  ^vith  the  use  of  generous  applications 
of  commercial  fertilizer.  The  idea  is  not  only  to  maintain  the 
fertility  of  the  soil,  but  also  gradually  to  build  it  up  and  put  it  in 
condition  to  produce  large  yields  of  pecans. 

The  ultimate  object  is  a  healthy,  normal  orchard,  and  if  this 
development  is  not  unduly  hindered  by  growing  interplanted  crops 
for  harv'cst,  and  if  a  pecan  grower  is  in  a  position  to  use  to  advantage 
the  products  produced  in  the  orchard,  or  if  he  can  find  a  ready  sale 
at  a  profit  for  these  products,  he  may  well  reduce  production  costs 
to  a  minimum  by  follo^ving  the  practice  during  the  first  few  years 
or  until  the  additional  space  is  needed  for  the  future  well-being  of 
the  orchard. 

The  present  tendency  to  set  pecan  trees  greater  distances  apart 
than  was  the  practice  during  the  early  years  of  the  industry  is  a  further 
reason  why  interplanting  during  the  develojiment  period  may  be 
practiced  without  serious  detrimental  elfccts.  Care  should  be 
exercised  in  not  growing  other  crops  too  close  to  the  pecan  trees. 

Cost  of  production  per  acre  pre\aous  to  harvest  is  a  more  stable 
figure  than  the  cost  of  production  per  pound  of  nuts.  Irrespective 
of  whether  a  crop  is  produced,  the  orchard  receives  a  certain  ajnount 
of  care,  which  in  many  cases  does  not  differ  materially  from  year  to 
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year.  Provided  the  general  system  of  management  remains  constant, 
the  cost  per  acre  pre\dous  to  harvest  will  differ  only  slightly  from 
year  to  year  except  as  changes  occur  in  the  prices  paid  for  labor, 
power,  and  materials. 

The  total  cost  of  production  per  acre  and  per  pound  takes  into 
consideration  the  cost  of  harvesting  and  delivering  the  nuts  to  the 
sliipping  point  and  varies  largely  with  the  jdeld.  During  the  year 
of  this  study  (1928)  conditions  were  relatively  favorable  for  pecan 
production.  Obviously  the  yields  for  that  year  do  not  represent  a 
fair  basis  in  all  cases  for  calculating  production  costs  per  pound  of 
nuts.  Nor  was  it  possible  to  obtain  reliable  yield  data  for  a  series 
of  years  for  all  orchards.  For  these  reasons  the  cost  figures  given 
are  on  an  acre  basis;  with  them  are  given  the  yields  that  are  neces- 
sary to  pay  production  costs,  if  the  nuts  are  sold  at  State  average 
prices  receiv^ed  by  growers  in  1928. 

The  following  text  and  tables  briefly  summarize  practices  and 
costs  of  developing  a  pecan  orchard  to  commercial  bearing  age  and 
the  annual  cost  of  operating  an  orchard  of  bearing  age,  for  each  of 
the  districts  studied.  In  considering  these  costs,  the  reader  should 
keep  in  mind  that  a  considerable  portion  of  the  cost  of  developing 
an  orchard  and  of  producing  pecans  may  not  represent  an  actual 
out-of-pocket  cost.  In  many  instances,  much  of  the  labor  is  per- 
formed by  the  pecan  grower  and  his  family.  On  farms  where  there 
are  enterprises  other  than  pecans,  much  of  the  additional  labor  and 
use  of  implements  and  work  stock,  made  necessary  because  a  pecan 
orchard  is  being  developed,  and  later  is  cared  for  in  its  bearing 
stage,  represents  additional  use  of  these  things  not  provided  for  by 
other  farm  enterprises  and  hence  is  not  additional  actual  cost  to 
the  farmer.  The  purchase  price  of  the  land  itself  is,  of  course,  to 
be  considered  as  a  significant  part  of  the  initial  cost  of  development 
and  operation  of  bearing  pecan  orchards. 

These  considerations  are  of  prime  importance  to  those  who  con- 
template the  development  of  a  pecan  orchard.  In  most  cases  the 
man  who  can  develop  and  operate  an  orchard  to  best  advantage 
and  at  lowest  significant  cost  is  the  one  who  does  it  as  a  part  of  his 
own  farming  business.  The  contrary  is  true  of  orchards  under  the 
management  of  caretakers  where  the  operations  are  commonly 
performed  at  contract  rates.  In  such  cases,  the  total  cost  of  de- 
veloping and  operating  the  orchard,  aside  from  the  use  of  land, 
normally  represents  an  actual  cash  outlay. 

GEORGIA 

ALBANY    DISTRICT 

The  majority  of  the  orchards  studied  in  the  Albany  district  of 
Georgia  are  in  Dougherty  County;  others  studied  are  in  the  counties 
of  Lee  and  Mitchell.  In  tliis  district  farm  crops  for  harvest  are 
usually  interplanted  in  young  orchards,  but  a  free  space  is  allowed 
on  each  side  of  the  tree  rows.  These  tree-row  spaces  have  a  total 
width  of  approximately  12  feet  for  the  first  4  years  and  20  feet  for 
the  next  6  years  and  are  cultivated  independently  of  the  interplanted 
crop.  In  the  spring  the  tree-row  space  is  plowed.  The  remainder 
of  the  orchard  acreage  is  plowed  and  planted  to  field  crops.  Follow- 
ing an  application  of  fertihzer  in  the  spring,  the  tree  rows  are  clean 
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cultivated  about  six  times  during  the  remainder  of  the  season.  One- 
horse  cultivators  are  used  for  cultivating  close  to  the  trees.  The  rest 
of  the  tree-row  space  is  cultivated  with  disk  harrows.  Although 
cover  crops  are  used  in  some  of  the  young  orchards  in  the  district, 
the  practice  is  not  common.  Little  spraying  or  dusting  is  done. 
Horses  or  mules  are  usually  used  to  furnish  motive  power  in  orchards 
that  are  intercropped.  During  the  first  10  years  of  growth  a  total 
of  about  132  man  hours  and  119  horse  hours  are  used  to  plant  and 
fertilize  the  trees,  cultivate  the  tree-row  spaces,  and  prune  and  care 
for  the  trees.  At  rates  prevailing  in  1928,  the  labor  and  power  cost 
for  the  first  10  years  amounted  to  about  $31  an  acre.     (Table  15.) 

Table  15. — Georgia,  Albany  district:  Labor  and  power  cost  per  acre  of  developing  a 
pecan  orchard  during  the  first  10  years,  according  to  a  common  method  '  and  at 
cost  rates  prevailiiig  in  1928 


Years  operation  is 
performed 

Size  of  crew 

Rate  of 

work 

per  day 

Times 
done 
each 
year 

Per- 
centage 
charged 
tope- 
cans 

Charged  to 
pecans 

Cost 

Operation 

Men 

Horses 

Man 
labor 

Horse 
work 

Plow        

/First  to  fifth 

\Fifth  to  tenth 

First 

Num- 
ber 

\ 
1 

1 
3 
1 
7 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 

Num- 
ber 
2 
2 

1 

2 
2 
2 
2 
2 

2 
1 
3 
3 

Orchard 

acres 

2 

2 

30 
35 

1.5 
12 
30 
24 
20 
17 
14 
30 
30 
18 
20 
18 
15 

Num- 
ber 

6 
3 
3 
2 
2 
2 

Per 
cent 
25 
42 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Hours 

5.0 

12.6 

.3 

.9 
6.7 
5.8 
2.0 
1.2 
1.5 
3.5 
8.4 

20.0 
4.0 

10.2 
2.0 
3.3 
6.5 
5.7 
3.2 

22.0 
7.0 

Hours 
10.0 
25.2 

.3 

....... 

1.4 

.8 

1.0 

2.4 

5.6 

20.0 

12.0 

30.6 

"T2' 

"'i'l' 

118.7 

Dol- 
lars 
1.62 

Plant: 

Lay  o(T  rows 

Set  stakes 

Dig  holes 

4.10 
.07 

do 

'"".Ao'.'."'.'.'-..'.'.'.'.'.'. 

.11 

.84 
.90 

First  and  second 

Third. 

.39 
.23 

Apply  fertilizer  around 
trees 

■^Fourth         

.29 

Fifth  and  sixth 

Seventh  to  tenth 

First  to  tenth 

•  First  to  fourth 

Fifth  to  tenth 

First  and  second 

Third  to  fifth 

Sixth  to  tenth 

Second  to  tentli 

.68 

Cultivate  tree  rows 

Hoe  around  trees 

1.61 

4.50 

1.70 

4.34 

.25 

.41 

.81 

.71 

Sixth  to  tenth 

.72 

First  to  tenth.. 

5.50 

IVIisf'pllaneous  '^ 

do             

1.32 



. 

Total             

131.8 

31.10 

•Trees  set  46>i  by  46?-^  feet,  or  20  to  tlie  acre.  Tree-row  spaces  have  a  total  width  of  about  12  feet  for 
the  first  4  years  and  20  feet  for  the  next  6  years.  Tree-row  spaces  cultivated  independently,  rest  of  space 
cropped  in" cotton  or  other  cultivated  crop  for  harvest. 

2  Includes  manuring,  spraying,  seeding  cover  crop,  orchard  sanitation,  and  replacing  missing  trees. 

In  1928  pecan-orchard  land  was  valued  at  about  $30  an  acre. 
Trees  for  planting  46  feet  8  inches  each  way  cost  $12  an  acre  (20 
trees  at  60  cents  each).  The  cost  of  trees,  labor  and  power,  fertilizer, 
taxes,  interest,  and  other  items  chargeable  to  the  trees  plus  the  value 
of  land  on  which  the  trees  were  set  amounted  to  about  $52  an  acre  for 
the  first  year.  After  the  first  year,  the  annual  cost  increased  from 
about  $7  an  acre  in  the  second  year  to  almost  $20  an  acre  in  the  tenth 
year.  At  the  end  of  10  years,  the  total  cost,  including  intiM'ost  on  the 
mvestmcnt  compounded  annually,  and  $30  for  laud  amounted  to 
$106.32  an  acre.     (Table  16.) 
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Table  16. — Georgia,  Albany  disirict:  Cost  per  acre  of  developing  a  pecan  orchard 
for  the  first  10  years,  by  years,  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928 


Item 


Fertilizer pounds. . 

Labor  and  power: 

JvEan  labor. hours.. 

Horse  work ...do 

Labor  and  power: 

Alan  labor  ' 

Horse   work   at   10  cents 
per  hour 

Total 

Materials: 

Trees  at  60  cents  each 

Fertilizer  at  $30  per  ton__ 
Miscellaneous  ^ 

Total 

Other  costs: 

Taxes  s 

Use  of  machinery  * 

Overhead  * 

Total 

Total  cost,  exclusive  of  interest 
Interest  at  6  per  cent  ^* 

Total  cost 

Cost  of  development  at  end  of 
each  year  5 


First 
year 


40 

24.7 
10.5 

Dolls 
3.  GO 

LOf) 


4.65 


1.00 
.60 

.46 


13.06 


.31 

.39 

2.66 


3.36 


21.07 
.57 


21.64 


51.64 


Sec- 
ond 

year 


60 

9.0 

8.5 

Dolls 
1.31 

.85 

2.16 


.90 

.92 

1.82 


.31 
.32 
.60 

1.23 


5.21 
1.84 


7.05 


58. 69 


Third 
year 


80 

9.4 

8.5 

Dolls. 
1.38 

.85 

2.23 


1.20 
.92 

2.12 


.31 
.32 

.65 


1.28 


5.63 

2.27 


7.90 


66.59 


Fourth 
year 


120 

11.2 
9.8 

Dolls. 
1.64 

.98 

2.62 


1.80 
.19 

1.99 


.31 
.37 
.69 

1.37 


5.98 
2.76 


8.74 


75.33 


Fifth 
year 


160 

12.1 
12.8 

Dolls. 
1.76 

1.28 

3.04 


2.40 
.40 

2.80 


.52 
.48 


1.88 


7.72 
3.62 


11.34 


86.67 


Sixth 
year 


160 

12.6 
13.5 

Dolls. 
1.83 

1.35 


3.18 


2.40 

.52 

2.92 


.52 
.51 
.92 


Sev- 
enth 
year 


200 

13.2 
13.6 

Dolls. 
1.93 

1.36 

3.29 


3.00 

.91 

3.91 


.52 

.51 

1.08 


1.95 


8.05 
4.31 


12.36 


99.03 


2.11 


9.31 
5.05 


14.36 


113.39 


Eighth 

year 


200 

13.4 
13.  9 

Dolls. 
1.95 

1.39 


3.34 


3.00 

1.17 

4.17 


.52 

.59 

1.13 


2.24 


9.75 
5.95 

15.  70 


129. 09 


Ninth 
year 


200 

13.0 
13.7 

Dolls. 
1.90 

1.37 


3.27 


3.00 
2.08 


5.08 


.52 

.51 

1.25 

2.28 


10.63 
6.85 

17.48 


146.  57 


Tenth 
year 


200 

1.3.2 
13.9 

Dolls. 
1.93 

1.39 

3.32 


3.00 
3.09 


6.09 


.52 

.52 

1.41 

2.45 


11.86 
7.91 

19.77 


166. 34 


1  Ordinary  labor  charged  at  I2I2  cents  per  hour,  supervision  at  25  cents  per  hour. 

2  Includes  manure,  spray  material,  cover-crop  seed,  replants,  and  other  materials. 

3  Charges  for  taxes  and  interest  prorated  to  pecan  trees  as  follows:  First  4  years,  25  per  cent,  next  6 
years,  42  per  cent. 

■•  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 
5  Total  cost  including  interest  plus  initital  value  of  land,  at  $30  an  acre. 

The  growing  of  field  crops  for  harvest  in  the  orchard  is  usually 
discontinued  when  the  j^oung  orchards  come  into  commercial  bearing, 
and  more  attention  is  given  to  soil  improvement  through  the  use  of 
cover  crops.  In  bearing  orchards  of  the  Albany  district  a  winter  cover 
crop,  usually  Austrian  muter  peas,  is  seeded  in  the  fall.  This 
is  plowed  under  during  the  following  spring.  Commercial  fertilizer 
is  then  spread  around  the  trees  and  worked  in  with  a  disk  harrow.  A 
summer  cover  crop  of  velvetbeans  is  then  drilled,  but  enough  free 
space  is  left  on  each  side  of  the  tree  rows  to  permit  cultivation  next  to 
the  trees.  This  space  is  gone  over  wdth  a  disk  harrow  during  the 
summer.  The  velvetbeans  are  disked  under  in  the  fall,  thus  clearing 
the  land  for  harvest  and  preparing  the  soil  for  the  winter  cover  crop. 

The  care  of  an  acre  of  bearing  orchard  in  the  Albany  district  usually 
takes  slightly  more  than  an  equivalent  of  two  days  of  man  labor  per 
year,  and  the  necessary  motive  power  for  performing  the  field  opera- 
tions. Since  field  crops  are  not  commonly  grown  in  bearing  orchards, 
and  the  pecan  acreage  under  one  management  is  usually  large, 
tractors  are  well  adapted  for  use  in  this  district. 
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Table  17. — Georgia,  Albany  district:' Annual  labor  and  power  cost  per  acre,  of 
operating  pecan  orchards  15  to  19  years  old  '  up  to  harvest  time,  according  to  a 
common  method  and  at  cost  rates  prevailing  in  1928  ^ 


Size  of  crew 

Rate 

of 
work 

day 

Times 
done 

Man 

labor 

Horse 
work 

Tractor 
work 

Operation 

Men 

Horses 

Tractor 

Cost 

Prune .-. 

Number 
2 
2 

Number 

Number 

Orchard 
acres 
12 
30 

Number 

1 
1 

Hours 

1.7 

.  7 

4.7 

5.0 

2.5 

.4 

.3 

.4 

.7 

.3 

3.5 

1.0 

Hours 

Hours 

Dollars 
0.21 

Remove  pruned  wood 

Orchard  sanitation.   

2 

0.7 

.8 

10.0 

1.0 

""o.i 

.3 

.4 

.7 
.3 

.16 
.67 

Plow  . 

1 
5 

2 
2 

2 

20 
25 
30 

50 

30 
30 

1 

1 
1 

1 

2 

2 

1 

1  62 

Apply  fertilizer  around  trees. 
Disk  harrow...     .,  ...  . 

.41 
.55 

Seed  summer  cover  crop 

Cultivate    tree    rows    (disk 
harrow) .. 

.41 
55 

Disk  under  summer  cover 
crop. 

.96 

Seed  winter  cover  crop 

Supervision 

.41 

.88 

Miscellaneous  3.  . 

.6 

.  19 

Total 

21.2 

13.1 

2.1 

7.02 

'  Trees  set  46%  by  46%  feet,  or  20  to  the  acre,  of  which  3  per  cent  were  missing,  86  per  cent  were  in  bearing, 
and  11  per  cent  not  in  bearing— mainly  replants. 

2  Ordinary  labor  at  12J4  cents  an  hour,  supervision  at  25  cents,  horse  work  at  10  cents  and  use  of  tractor 
at  .$1.25. 

'  Includes  hoeing,  applying  manure,  spraying,  and  miscellaneous  operations. 

The  cost  of  labor,  materials,  etc.,  per  acre  in  1928  is  shown  in 
Tables  17  and  18. 

Table   18. — Georgia,   Albany  district:  Annual  cost   per  acre  of  operating  pecan' 
orchards  15  to  19  years  old,^  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928,  and  yield  required  to  cover  costs 


Item 

Quantity 

Cost 

Labor  and  power  prior  to  harvest: 

Man  labor 

Hours 
21.2 
13.1 
2.1 

Dollars 
3.09 

Horse  work .             . 

1.31 

Tractor  work 

2.62 

Total.. 

7.02 

Pounds 

388.0 

Bushels 

0.75 

Pounds 
30.00 

Materials: 

Fertilizer,  at  $30  per  ton 

5.82 

Summer  cover  crop,  velvetbeans,  at  $1.50  per  bushel 

1.12 

Winter  cover  crop,  Austrian  winter  peas,  at  9  cents  per  pound 

2.70 

Miscellaneous  2 

1.65 

Total 

11.29 

Other  costs: 

Ta.xes.^ 

1.25 

Use  of  machinery,  not  including  tractor  3. 

.62 

Overiiead  ' 

2.75 

Total.. 

4.62 

Total  cost,  exclusive  of  interest 

22. 93 

Interest  at  6  per  cent ' 

10.  18 

Total  cost.  .  

33.  11 

Quantity  of  nuts,  at  28  cents  per  pound,*  required  to  cover  cost,  including  harvesting: 
Exclusive  of  interest 

93 
133 

Inclusive  of  interest.. . 

'  Trees  set  40?C(  by  40?fi  feet  or  20  to  the  acre,  of  wtiich  3  per  cent  were  missing,  86  per  cent  were  in  bear- 
ing, nn<l  11  per  cent  not  in  boarinc— nininly  replants. 

'  Include.s  manure,  spray  malcrinl.  and  olhor  inalerials. 

'  See  page  10  for  method  of  computing  machinery,  overhead,  and  interest  charges. 

♦  The  1928  State  average  farm  pri(*.  Harvesting  costs  includes  picking,  grading,  and  delivery  to  local 
shipping  point  and  are  based  on  pecans  sold  tlirough  a  cooperative  association. 
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Harvesting  costs  in  1928  ranged  from  about  $2  to  $4  per  hundred 
pounds  of  nuts,  depending  largely  on  the  jdeld. 

The  1928  pecan  yields  in  Georgia  were  considerably  above  the 
average  for  other  seasons  (Table  8),  but  many  of  the  orchards  15  to 
19  years  of  age  in  the  Albany  district  did  not  have  yields  sufficient 
to  cover  costs  as  computed  in  this  bulletin.  Production  records  ob- 
tained through  personal  ^dsits  and  through  the  use  of  mailed  question- 
naires furnished  yield  information  on  a  tree  basis  for  36  orchards, 
representing  a  total  of  72,832  trees  15  to  19  years  of  age.  The  distri- 
bution of  orchards  according  to  the  average  tree  yield  in  1928  is 
shown  below: 

Yield  per  tree,  .  Number  of     Yield  per  tree,  Number  of 

in  pounds  orchards  in  pounds  orchards 


1-3.9 9 

4-7.9 12 

8-11.9 5 

12-15.9 4 

16-19.9 2 


20-23.9 0 

24-27.9 0 

28-31.9 1 

32-35.9 2 

36  and  over 1 


The  exceptionally  high-yielding  orchards  are  relatively  few  in 
number.  The  majority  of  the  orchard  owners  reported  yields  under 
8  pounds  a  tree,  as  indicated  in  the  distribution  shown.  On  an  acre 
basis,  allowing  20  trees  to  the  acre  and  assuming  that  86  per  cent  of 
the  trees  are  in  production,  approximately  53  per  cent  of  the  entire 
group  of  orchards  failed  to  produce  enough  nuts  in  the  good  season 
of  1928  to  cover  the  costs,  including  harvesting  and  interest  charges. 
(Table  18.)  Excluding  interest,  36  per  cent  of  the  orchards  did  not 
have  yields  sufficient  to  cover  costs. 

Orchard  management  is  an  especially  important  factor  in  the  Albany 
district  because  of  the  large  holdings  under  the  management  of  indi- 
viduals. The  test  of  successful  orchard  management  is  measured  by 
ability  to  realize  profitable  yields  in  return  for  the  outlay  of  capital 
and  labor  and  the  use  of  land.  Some  of  the  orchards  studied  pro- 
duced profitable  yields  in  1928,  while  others  did  not. 

Either  singly  or  in  combination,  several  factors  other  than  manage- 
ment may  affect  yields  adversely.  A  mistaken  impression  of  the 
length  of  time  required  for  a  young  orchard  to  come  into  commercial 
bearing  has  often  resulted  in  inadequate  provision  being  made  at  the 
outset  for  financing  the  enterprise,  uitli  a  consequent  neglect  of  the 
orchard  during  the  later  part  of  the  development  period.  In  some 
cases  it  has  been  difficult  to  overcome  this  iinposed  handicap,  except 
at  the  expense  of  a  delayed  bearing  period  or  even  partial  replanting 
of  portions  of  the  orchard. 

Location  of  the  orchard  with  respect  to  the  ability  of  the  soil  to 
meet,  or  be  made  to  meet  economically,  the  plant-food  requirements 
of  pecan  trees  is  one  of  the  most  essential  factors  in  determining  the 
future  profitableness  of  the  orchard.  The  turning  under  of  legumi- 
nous cover  crops  and  the  use  of  commercial  fertilizers  have  been  profit- 
ably practiced  in  many  of  the  more  successful,  established  orchards. 

THOMA.SVILLE    DISTRICT 

The  orchards  studied  in  the  Thomasville  district  are  in  Thomas  and 
Grady  Counties,  with  the  majority  in  the  former  county.  The  com- 
mon system  of  orchard  development  is  similar  to  that  of  the  Albany 
district.     Field  crops  for  harvest  (principally  cotton,  corn,  and  pea- 
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nuts)  are  usually  interplanted  in  the  young  orchards  during  the  entire 
development  period.  Cultivated  spaces  are  provided  on  each  side 
of  the  tree  rows.  These  tree-row  spaces  have  a  total  Nvddth  of  approxi- 
mately 16  feet  for  the  first  five  years  of  the  development  period  and 
24  feet  for  the  next  five  years,  and  are  cultivated  independently  of  the 
interplanted  crop. 

In  the  spring  the  orchard  acreage  is  plowed  and  planted  to  field 
crops  for  harvest,  except  the  spaces  along  the  tree  rows.  Fertilizer 
is  applied  around  the  trees  and  is  worked  in  with  disk  harrows. 
During  the  summer,  the  tree  rows  are  given  clean  cultivation.  Cover 
crops  are  planted  in  strips  along  the  tree  rows  in  some  of  the  orchards, 
hut  the  practice  is  not  common.  Little  spraying  or  dusting  is  done. 
Horses  or  mules  are  the  common  source  of  motive  power  in  developing 
young  orchards  in  this  district  chiefly  because  of  the  common  practice 
of  growing  row  crops  for  harvest. 

The  costs  during  the  development  period  are  shoA\Ti  in  Table  19. 

Table  19. — Georgia,  Thornasvillc  district:  Labor  and  'power  costs  per  acre  of  develop- 
ing a  pecan  orchard  during  the  first  10  years,  according  to  a  common  method  ^ 
and  at  cost  rates  prevailing  in  1928 


Years  operation  is 
performed 

Size  of  crew 

Rate  of 

work 

per 

day 

Times 
done 
each 
year 

Per- 
centage 
charged 
to  pe- 
cans 

Charged  to 
pecans 

Operation 

Men 

Horses 

Cost 

Man 

labor 

Horse 
work 

Plow   - 

/First  to  fifth 

LSLxth  to  tenth 

First 

Num- 
ber 
1 
1 

3 
1 
■    3 
3 
3 
3 
3 
3 
3 
3 

Num- 
ber 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
3 
3 

Orchard 

acres 
1.5 
1.5 

24 
3 
12 
45 
40 
35 
30 
25 
20 
18 
25 
20 
25 
20 
18 
16 
15 
14 
12 

Num- 
ber 

5 
5 
2 
2 
2 
2 
2 
2 
2 

27 
40 

100 
100 
100 
100 
100 
100 
iOO 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Hours 
9.0 

13.0 

1.2 

3.3 

2.5 

.6 

.8 

1.8 

2.0 

1.2 

3.0 

1.7 

10.0 

12.5 

.8 

1.0 

2.2 

1.2 

2.6 

1.4 

3.2 

4.9 

3.5 

20.0 

15.9 

Hours 
18.0 
27.0 

....... 

.4 

.5 

1.2 

1.4 

.8 

2.0 

1.1 

30.0 

37.5 

"""3.5" 
"""8.1' 

Dol- 
lars 
3.60 

Plant: 

Set  stakes 

5.40 
18 

Dig  holes 

Set  trees 

do 

do 

(•....do        

.50 
.59 
.14 

Second 

.18 

Apply  fertilizer  around 
trees      .        .  . 

Third  and  fourth.... 

Fifth  and  sixth 

Seventh         ..  ..  .. 

.42 

.48 

28 

Eighth  and  ninth... 
Tenth 

.70 
39 

Cultivate  tree  rows 

/First  to  fifth 

ISixth  to  tenth 

?First 

5.25 

6.56 

.12 

Second 

.15 

Hoe  around  trees 

Third  and  fourth 

Fifth 

.33 

18 

Sixth  and  seventh. .. 
I-:ighlh 

.39 
.21 

Prune . 

Ninth  and  tentli 

Second  to  tenth 

.48 
74 

Remove  pruned  wood- 

Sixth  to  tenth.. 

.96 

Supervision       

First  to  tenth.. 

6  00 

Miscellaneous  2_ 

do 

3.42 

Total 

119.8 

133.4 

37.65 

'  Trees  set  60  by  60  feet,  or  12  to  the  acre.  Tree-row  spaces  have  a  total  width  of  16  feet  for  the  first  5 
years  and  24  feet  for  the  next  5  years.  Tree-row  spaces  are  cultivated  independently;  rest  of  space  is 
cropped  in  cotton  or  other  cultivated  crop  for  harvest. 

'  Includes  spraying,  seeding  winter  and  summer  cover  crop,  orchard  sanitation,  and  replacing  missing 
trees. 

The  distance  of  planting  pecan  trees  as  well  as  the  practice  of  inter- 
planting  field  crops  for  liarvest  in  the  orchards  may  well  be  discussed 
in  conjunction  with  soil  fertility.  The  planting  of  trees  at  distances  of 
46%  by  46%  feet,  or  20  trees  to  the  acre,  is  a  common  practice  in  the 
area.  The  consensus  of  o|)inion  among  the  better  orchardists  at 
present,  based  on  their  past  experience,  is  that  a  smaller  number  of 
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trees  per  acre  would  permit  a  better  g-rowth  of  the  individual  trees, 
with  a  better  future  development  of  the  orchard.  A  greater  oppor- 
tunity also  would  be  given  to  realize  an  income  from  interplanted 
crops  pending  the  development  of  the  young  orchard  into  commercial 
bearing.  With  the  interplanting  of  crops  for  harvest,  especial  atten- 
tion should  be  given  to  the  maintenance  and  possibly  the  upbuilding 
of  soil  fertility  to  provide  for  the  plant-food  requirements  of  the 
trees  and  the  interplanted  crop. 

Choice  of  suitable  varieties  should  be  given  careful  consideration 
at  planting  time  in  obviating,  in  so  far  as  possible,  the  expensive  neces- 
sity of  top-working  the  trees  later.  Top-working  is  not  only  expensive 
in  itself,  but  it  also  seriously  curtails  yields  for  six  to  eight  years. 

Some  grazing  of  orchards  is  done  in  the  area,  but  the  returns  from 
orchards  so  handled  do  not  equal  those  from  orchards  in  which  a  well- 
planned  system  of  soil  management  is  practiced  and  measures  taken  to 
control  insects  and  diseases. 

]\Iuch  of  the  discussion  of  factors  that  affect  yields  apphes  with 
ec[iial  force  to  the  other  districts  included  in  this  study.  In  the  ensuing 
discussions  of  the  separate  districts,  then,  only  the  factors  that  are  of 
particular  importance  in  each  district  are  discussed. 

In  1928  pecan  orchard  land  was  valued  at  about  $40  an  acre.  At 
the  end  of  10  years  the  total  cost,  including  interest  compounded 
annually  and  $40  for  land,  amounted  to  $176  an  acre.     (Table  20.) 

Table  20. — Georgia,  Thomasville  district:  Cost  per  acre  of  developing  a  pecan  orchard 
for  the  first  10  years,  by  years,  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928 


Item 

First 
year 

Sec- 
ond 
year 

Third 
year 

Fourth 

year 

Fifth 

year 

Sixth 
year 

Sev- 
enth 
year 

Eighth 
year 

Ninth 
year 

Tenth 
year 

Fertilizer pounds . . 

Labor  and  power: 

Man  labor hours.. 

Horse  work do 

Labor  and  power: 

Man  labor  '...  .  _  ... 

24 

15.7 
12.2 

Dolls. 
2.75 

1.5.3 

36 

8.3 
10.5 

Dolls. 
1.45 

1.31 

60 

8.5 
10.6 

Dolls. 
1.49 

1.32 

60 

9.8 
11.8 

Dolls. 
L71 

1.48 

84 

9.0 
10.7 

Dolls. 
1.58 

1.34 

84 

11.8 
14.9 

Dolls. 
2.07 

1.86 

96 

12.5 
14.9 

Dolls. 
2.19 

1.86 

120 

14.3 

15.8 

Dolls. 
2.50 

1.98 

120 

15.0 
15.9 

Dolls. 
2.62 

1.99 

120 

14.9 
16.1 

Dolls. 
2  61 

Horse  work  at  12).^  cents 
per  hour 

2.01 

Total 

4.28 

2.76 

2.81 

3.19 

2.92 

3.93 

4.05 

4.48 

4.61 

4  62 

Materials: 

Trees  at  $1  each. 

12.00 
.36 
.60 

Fertilizer  at  $30  per  ton. ._ 
Miscellaneous  2..  . 

.54 
.75 

.90 
.92 

.90 

.88 

1.26 
.65 

1.26 
.70 

1.44 
.91 

1.80 
1.17 

1.80 
2.06 

1.80 
2  12 

Total  .   .  . 

12.96 

1.29 

1.82 

1.78 

1  91 

1    Qfl 

9   ■^F, 

2.97 

3.86 

3  92 

1.  ai         ..  „„   1     

other  costs: 

Taxes  3 

Use  of  machinery  * 

Overhead  * 

.34 

.46 

2.59 

.34 
.39 
.61 

.34 
.40 
.69 

.34 
.44 
.75 

.34 
.40 
.72 

.50 
.56 
.88 

.50 
.56 
.96 

.50 

.59 

1.12 

.50 

.60 

1.27 

.50 

.60 

1  28 

Total     . 

3.39 

1.34 

1.43 

1.53 

1.46 

1.94 

2.02 

2.21 

2.37 

2  38 

Total  cost,  exclusive  of  interest. 
Interest  at  6  per  cent '  < 

20.63 

.79 

5.39 
2.05 

6.06 
2.50 

6.50 
3.03 

6.29 
3.58 

7.83 
4.54 

8.42 
5.28 

9.66 
6.11 

10.84 
7.06 

10.92 

8.13 

Total  cost 

21.42 

7.44 

8.56 

9.53 

9.87 

12.37 

13.70 

15.77 

17.90 

19  05 

Cost  of  development  at  end  of 
each  vear  ^  .  . 

61.42 

68.  86 

77.42 

86.95 

96.82 

109. 19 

122.  89 

138.  66 

156.  56 

175  61 

1  Ordinary  labor  charged  at  15  cents  per  hour,  supervision  at  30  cents  per  hour. 

2  Includes  spray  material,  cover-crop  seed,  replants,  and  other  materials. 

3  Charges  for  taxes  and  interest  prorated  to  pecan  trees  as  follows:  First  5  years,  27  per  cent;  next  5  years, 
40  per  cent. 

*  See  p.  16  for  method  of  computing  machinerv,  overhead,  and  interest  charges. 
5  Total  cost  including  interest  plus  initial  value  of  land,  at  .i^O  an  acre. 

125625°— 32 3 
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Growing  of  interplanted  crops  for  harvest  is  not  common  in  bearing 
orchards  of  this  district,  more  attention  being  given  to  soil  improve- 
ment through  the  use  of  cover  crops.  In  the  fall  a  cover  crop,  usually 
Austrian  winter  peas  and  rye,  is  drilled  in.  The  following  spring, 
fertilizer  is  broadcast  by  hand  on  top  of  the  cover  crop  around  the 
trees  and  is  then  plowed  under.  During  the  summer,  clean  cultivation 
is  given  with  a  disk  harrow;  the  last  cultivation  serves  to  clear  the  land 
for  harvest  and  to  prepare  the  soil  for  the  winter  cover  crop.  Spraying 
or  dusting  and  the  planting  of  a  summer  cover  crop  of  velvetbeans 
are  done  in  a  few  of  the  orchards  but  these  operations  are  not  common. 
The  practice  of  clean  cultivation  in  bearing  orchards  is  a  large  factor 
in  making  tractors  adapted  for  tillage  operations  in  this  district. 
The  labor  and  power  cost,  at  prevailing  rates  in  1928,  not  including 
harvest,  amounting  to  about  $12  an  acre  is  shown  in  Table  21. 

Table  21. — Georgia,  Thomasville  district:  Annual  labor  and  -power  cost  per  acre 
of  operating  pecan  orchards  15  to  19  years  old  '  vp  to  harvest  time,  according  to  a 
common  m,ethod  and  at  cost  rates  prevailing  in  1928  ^ 


Operation 

Size  of  crew 

Rate  of 

work 

per  day 

Times 
done 

Man 
labor 

Horse 
work 

Tractor 
work 

Cost 

Men 

Horse 

Tractor 

Prune 

Number 
2 
2 

Number 

Number 

Orchard 

acres 

10 

18 

Number 

1 
1 

Hours 
2.0 
1.1 
2.0 
2.2 
6.7 

2.0 
1.1 
.7 
4.1 
2.6 

Hours 

Hours 

Dollars 
0.30 

Remove  pruned  wood 

Orchard  sanitation 

2 

1.1 

1.1 

1.1 

13.4 

2.0 
1.1 

.7 

.30 
.44 

Apply  fertilizer  around  trees. 
P  ow 

4 
1 

1 
1 

1 

2 
2 

1 

1 
1 

18 
1.5 

15 
28 
15 

1 

1 

3 
3 

1 

.47 
2.68 

Cultivate- 

Disk-harrow,  double  cut. 

Disk-harrow,  single  cut.. 

Drill  winter  cover  crop 

Sunervision 

2.80 

1.54 

.98 

1.23 

Miscellaneous  ^ 

3.5 

.2 

1.08 

Total                        

24.5 

20.2 

4.0 

11.82 

1  Trees  set  60  by  60  feet,  or  12  to  the  acre,  of  which  6  per  cent  were  missing,  90  per  cent  were  in  bearing,  and 
4  per  cent  were  not  in  bearing — mainly  replants. 

2  Ordinary  labor  at  15  cents  an  hour,  supervision  at  30  cents,  horse  work  at  12H  cents,  and  use  of  tractor 
at  $1.25. 

3  Includes  applying  manure,  hoeing,  spraying,  hauling  fertilizer,  and  miscellaneous  operations. 

The  total  1928  operating  cost  is  shown  in  Table  22.  Harvest 
costs  varied  from  $1.50  to  $3.50  per  hundred  pounds  of  nuts,  depend- 
ing largely  on  the  yield  obtained. 

The  bearing  orchards  from  which  cultural  practices  and  production 
data  were  secured  reported  yields  which  were  more  than  sufficient  to 
cover  the  costs  of  production  indicated  in  Table  22.  The  yields 
reported  from  orchards  15  to  19  years  of  age  in  1928  ranged  from  157 
pounds  to  543  pounds  to  the  acre,  with  higher  yields  reported  for 
older  orchards.  These  favorable  yields  may  be  attributed  primarily 
to  the  system  of  orchard  management  practiced  in  the  area. 

Enlarging  the  area  under  consideration  by  the  inclusion  of  yield 
data  obtained  from  southwest  Georgia,  of  which  tlie  Thomasville 
district  is  a  part,  indicates  that  comparably  favorable  yields  were  not 
obtained  in  1928  from  any  great  portion  of  the  more  numerous 
orchards  included  in  the  broader  area.  This  phase  of  the  survey 
shows  that  390,040  trees  of  improved  varieties,  10  years  old  and  over, 
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produced  an  average  of  6.78  pounds  of  pecans  a  tree.  On  the  basis 
of  12  trees  to  the  acre,  of  which  10.8  are  assumed  to  be  in  bearing, 
this  would  represent  a  yield  of  approximately  73  pounds  of  nuts  an 
acre.  In  considering  the  wider  area  in  its  entirety,  the  average  yields 
obtained,  selling  at  1928  prices,  were  not  sufRcient  to  cover  operating 
costs,  including  interest  and  harvesting  charges,  computed  on  the 
basis  of  the  most  common  practices  followed  in  the  district.  This 
was  in  a  year  when  pecan  yields  were  relatively  high.     (Table  8.) 

Table  22. — Georgia,  Thomasville  district:  Annual  cost  per  acre  of  operating  pecan 
orchards  15  to  19  years  old,^  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928,  and  yield  required  to  cover  costs 


Item 

Quantity 

Cost 

Labor  and  power  prior  to  harvest: 

Man  labor _      . 

Hours 
24.5 
20  2 
4.0 

Dollars 
4.29 

Horse  work ... 

2.53 

Tractor  work.  _ 

5  00 

Total- , 

11.82 

Materials: 

Fertilizer,  at  $30  per  ton.  _..._...  . 

Pounds 

338.0 

20.0 

Bushel 
0.5 

5.07 

Winter  cover  crop,  Austrian  winter  peas,  at  8  cents  per  pound 

1.  CO 

Rye,  at  $2.50  per  bushel J 

1.25 

Mi.=cellaneous  2 

1.  19 

Total 

9.  11 

other  costs: 

Taxes 

1  25 

Use  of  machinery,  not  including  tractor  ' .. 

.89 

Overhead  ^ 

3.14 

Total. 

5  28 

Total  cost  exclusive  of  interest 

26.21 

Interest,  at  6  per  cent  3 

10.82 

Total  cost 

37  03 

Quantity  of  nuts,  at  28  cents  per  pound, <  required  to  cover  cost  including  harvesting: 
Exclusive  of  interest 

Pounds 
105 
145 

Inclusive  of  interest .. 

1  Trees  set  60  by  60  feet,  or  12  to  the  acre,  of  which  6  per  cent  were  missing,  90  per  cent  were  in  bearing, 
and  4  per  cent  were  not  in  bearing— mainly  replants. 

2  Includes  spray  material,  paint,  manure,  and  other  materials. 

3  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 

\  The  1928  State  average  farm  price.    Harvesting  costs  include  picking,  grading,  and  delivery  to  local 
shipping  points,  and  are  based  on  pecans  sold  through  a  cooperative  association. 

A  consideration  of  the  natural  factors  of  soils,  topography,  and 
climate  does  not  indicate  that  the  Thomasville  district  enjoys  a 
greater  comparative  advantage  in  pecan  production  than  the  larger 
area  of  which  it  is  a  part,  therefore  the  grouping  of  the  orchards 
studied  in  the  Thomasville  district  into  the  higher-yield  range  may  be 
attributed  largely  to  the  greater  degree  of  uniformity  in  successful 
orchard  management  practiced  on  these  orchards. 

Yield  data  from  older  orchards  in  the  area  indicate  the  possibilities 
resulting  from  the  application  of  orcharding  principles  which  take 
into  consideration  the  fundamental  factors  affecting  successful  pro- 
duction. This  may  be  illustrated  by  outlining  briefly  the  system 
used  on,  and  the  results  obtained  from,  an  orchard  21  years  old. 
The  greater  proportion  of  the  trees  were  of  the  Frotscher,  Money- 
maker, and  Stuart  varieties.  The  cultural  practices  followed  were 
similar,  in  the  main,  to  those  outlined  in  Table  21,  with  the  exception 
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that  a  cover  crop  of  velvetbeans  was  usually  turned  under  in  the  late 
summer  of  each  year.  Over  a  period  of  five  years,  from  1924  to  1928, 
this  orchard  produced  an  annual  average  yield  of  approximately  420 
pounds  of  pecans  an  acre.  The  average  yield  per  acre  for  each  year, 
beginning  in  1924,  was  191,  336,  473,  291,  and  811  pounds  an  acre. 

These  yields  are  considerably  above  the  average  for  the  orchard 
yields  from  the  district  and  are  used  here  to  indicate  the  possible 
benefits  resulting  from  an  intelligently  planned  and  well-executed 
system  of  orchard  management  adapted  to  the  area.  Such  a  system 
takes  into  consideration  the  suitable  location  of  the  orchard  "with 
respect  to  soil  and  topography,  the  choice  of  varieties  adapted  to  the 
area,  and  the  adoption  of  cultural  practices  which,  in  conjunction 
with  soil  upkeep  and  the  control  of  diseases  and  insect  pests,  are  most 
likelj^  to  result  in  the  securing  of  economic  yields. 

FLORIDA 

MONTICELLO    DISTRICT 

The  orchards  studied  in  the  Monticello  district  of  Florida  are  all 
in  Jefferson  County.  The  management  in  this  district  varies  from 
pasturing  livestock  in  the  orchards  and  leaving  the  orchards  for  the 
most  part  uncultivated  to  giving  them  reasonably  good  care.  Al- 
though perhaps  a  majority  of  the  orchards  are  receiving  indifferent 
care  the  cost  estimates  are  for  those  that  are  receiving  reasonably 
good  attention. 

Table  23. — Florida,  Monticello  district:  Labor  and  power  costs  per  acre  of  developing 
a  pecan  orchard  during  the  first  10  years,  according  to  a  common  method  '  and  at 
cost  rates  prevailing  in  1928 


Operation 


Plow  (spring)-. 
Harrow  (disk). 


Plant: 

Set  stakes... 

Dig  holes... 

Set  trees 

Cultivate  tree 
(disk  harrow). 

Plow  (fall) 


Sow  cover  crop. 


Disk  in  cover  crop. 

Supervision 

Miscellaneous ' 


Total- 


Years  operation  is 
performed 


(First  to  sixth 

(Seventh  to  tenth 

I  First  to  sixth 

(Seventh  to  tenth 

First 

.do. 


.do- 


f  First  to  sixth 

(Seventh  to  tenth. 

/First  to  fifth 

(Sixth  to  tenth 

I  First  to  fifth 

(Sixth  to  tenth 

/First  to  fifth 

(Sixth  to  tenth 

First  to  tenth 

do 


Size  of  crew 


Men 


Num- 
ber 
1 
1 
1 
] 

3 

9 


Horses 


Num- 
ber 
2 
2 
2 
2 


Rate  of 

work 

per  day 


Orctiard 
acres 
1.5 
1.5 
8 


30 


14 
20 
15 

1.5 

1.5 
15 
15 

8 

8 


Times 
done 
each 
year 


Num- 
ber 
1 
1 
1 
1 

1 
1 
1 


Per- 
centage 
charged 

to 
pecans 


Per  cent 
30 
40 
30 
40 

100 

100 

100 

100 

100 

30 

40 

30 

40 

30 

40 

100 

100 


Charged  to 
pecans 


Man 
labor 


Hours 

12.0 

10.8 

2.4 

2.0 

1.0 

2.9 

3.6 

21.0 

18.8 

10.0 

13.5 

1.0 

1.5 

2.0 

2.5 

27.0 

29.2 


161.2 


Horse 
work 


Hours 

24.0 

21.6 

4.8 

4.0 


1.4 
42.0 
37.6 
20.0 
27.0 


4.0 
5.0 


11.4 


202.8 


Cost 


Dol- 
lars 
4.20 
3.78 
.84 
.70 


15 
44 
68 
35 
58 


3.50 
4.72 

.  15 
.22 
.70 
.8.S 
S.  10 
5.52 


48.51 


•  Trees  .set  60  hy  60  feet,  or  12  to  the  acre.  Tree-row  spaces  have  a  total  width  of  about  18  feet  for  the  first 
0  years  and  24  feet  for  the  next  4  years.  Tree-row  spaces  are  cultivated  independently;  rest  of  space  is 
cropijed  in  corn  or  other  cullivMlcd  cT(jp  for  harvest. 

>  Includes  application  of  fertilizer  and  manure,  spraying,  orchard  sanitation,  pruning,  hoeing,  and  replac- 
ing missing  trees. 
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In  this  class  of  orchards,  farm  crops  for  harvest  are  grown  among 
the  young  trees.  The  common  practice  is  to  allow  a  free  space  on 
each  side  of  the  tree  rows.  These  tree-row  spaces  have  a  total  width 
of  approximately  18  feet  for  the  first  six  years  and  24  feet  for  the  next 
four  years  and  are  cultivated  independently  of  the  interplantcd  crop. 
A  winter  cover  crop  usually  of  oats,  rye,  Austrian  winter  peas,  or 
vetch  may  be  planted  in  the  fall  and  turned  under  in  the  spring. 
During  the  summer,  the  tree-row  spaces  are  given  clean  cultivation 
with  a  disk  harrow.  Neither  spraying  nor  dusting  is  commonly  prac- 
ticed. IVIany  of  the  orchards  are  small  and  tractor  power  is  not  com- 
monly used  in  this  district.  The  total  labor  and  power  cost  for  the 
first  10  years  are  shown  in  Table  23  and  other  development  costs  in 
Table  24. 

Table  24. — Florida,  Monticcllo  district:  Cost  per  acre  of  developing  a  pecan  orchard 
for  the  first  10  years,  by  years,  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928 


Item 

First 
year 

Sec- 
ond 
year 

Third 
year 

Fourth 
year 

Fifth 
year 

Sixth 
year 

Sev- 
enth 
year 

Eighth 
year 

Ninth 
year 

Tenth 
year 

Labor  and   lower: 

Man  labor hours.. 

Horse  work do 

Labor  and  power: 

Man  labor  '  

19.7 
18.2 

Dolls. 
3.45 

1.82 

15.0 

18.0 

Dolls. 
2.62 

1.80 

14.8 
17.9 

Dolls. 
2.59 

L79 

14.9 
18.0 

Dolls. 
2.61 

1.80 

14.2 
17.9 

Dolls. 
2.49 

1.79 

15.  5 
19.7 

Dolls. 
2.72 

1.97 

16.8 
23.2 

Dolls. 
2.94 

2.32 

16.8 
23.2 

Dolls. 
2.94 

2.32 

16.7 
23.3 

Dolls. 
2.93 

2.33 

16.8 
23.4 

Dolls. 
2  94 

Horse  work  at  10  cents  per 
hour 

2  34 

Total 

5.27 

4.42 

4.38 

4.41 

4.28 

4.69 

5.26 

5.26 

5.26 

5.28 

Materials: 

Trees  at  $1  each 

12.00 
.30 
.33 

Cover  crop  seed  

.30 

2.41 

.30 
2.34 

.30 

2.52 

.30 
2.15 

.30 
2.38 

.40 
2.31 

.40 
2.46 

.40 
2.47 

40 

Miscellaneous  ^ . 

2.60 

Total 

12.  63 

2.71 

2.64 

2.82 

2.45 

2.68 

2.71 

2.86 

2.87 

3.00 

Other  costs: 

Taxes  3 

.06 

.68 

2.68 

.06 

.74 

1.07 

.06 

.74 

1.05 

.06 

.74 
1.08 

.06 

.66 

1.01 

.06 

.65 

1.10 

.08 

.76 
1.20 

.08 

.76 

1.22 

.08 

.76 

1.22 

08 

Use  of  machinery  < 

Overhead  ' 

.82 
1.24 

Total.     . 

3.42 

1.87 

1.85 

1.88 

1.73 

1.81 

2.04 

2.06 

2.06 

2  14 

Total  cost,  exclusive  of  interest. 
Interest  at  6  per  cent  3  < 

21.32 
.65 

9.00 
2.00 

8.87 
2.66 

9.11 
3.35 

8.46 
4.09 

9.18 
4.98 

10.01 

5.87 

10.18 
6.82 

10.  19 

7.84 

10.42 

8.95 

Total  cost 

21.97 

11.00 

11.53 

12.46 

12.55 

14.16 

15.88 

17.00 

18.03 

19  37 

Cost  of  development  at  end  of 
each  year  * 

46.97 

57.97 

69.  50       81.  96 

94.51 

108.  67 

124.  55 

141.  55 

159.  58 

178.  95 

'  Ordinary  labor  charged  at  15  cents  per  hour,  supervision  at  30  cents  per  hour. 

2  Includes  commercial  fertilizer,  manure,  spray  material,  trees  for  replanting,  and  other  materials. 

3  Charges  for  taxes  and  interest  prorated  to  pecan  trees  as  follows:  First  6  years,  30  per  cent;  next  4  years, 
40  per  cent. 

<  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 
5  Total  cost  including  interest  plus  initial  value  of  land,  at  $25  an  acre. 

The  practice  of  growing  interplanted  crops  for  harvest  is  usually 
discontinued  when  the  young  orchards  come  into  commercial  bearing. 
A  winter  cover  crop  of  oats  was  used  on  approximately  one-third  of 
the  bearing-orchard  acreage  surveyed.  This  crop  is  plowed  under  in 
the  spring  and,  following  the  preparation  of  the  soil  with  a  disk  har- 
row, a  summer  cover  crop  of  velvet  beans  is  planted  in  4-foot  rows. 
This  crop,  together  with  the  pecan  trees,  is  cultivated  during  the 
summer,  and  just  previous  to  harvest  in  the  fall  the  summer  cover 
crop  is  plowed  under.     The  turning  under  of  the  summer  cover  crop 
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serves  as  the  first  step  in  the  soil  preparation  for  the  winter  cover 
crop.  The  labor  and  power  cost,  not  including  harvesting  the  crop, 
in  the  care  of  a  bearing  orchard  is  shown  in  Table  25  and  the  total 
1928  operating  cost  in  Table  26. 

Table  25. — Florida,  Monticello  district:  Annual  labor  and  poiver  cost  per  acre  of 
operating  pecan  orchards  15  to  19  years  old  •  up  to  harvest  time,  according  to  a 
common  method  and  at  cost  rates  prevailing  in  1928  - 


Operation 


Prune 

Kemove  pruned  wood 

Plow 

Harrow  (disk) _ _ - 

Plant  velvetbeans  (4-foot  rows). 
Cultivate  tree  rows  and  beans.. 

Plow  (fall) 

Sow  cover  crop  ^ 

Disk  in  cover  crop 

Supervision 

Miscellaneous  < 


Total. 


Size  of  crew 


Men 


Number 


Horses 


Number 


Rate  of 

work 

per  day 


Orchard 
acres 
5 
10 
1.5 
8 
7 
5 

1.5 
15 
8 


Times 
done 


Number 


Per- 
centage 
charged 
to  pecans 


Per  cent 

100 

100 

100 

100 

100 

100 

33 

33 

33 

100 

100 


Charged  to  pecans 


Man 
labor 


Hours 
iO 
1.0 
6.7 
1.2 
1.4 
4.0 
2.2 
.2 
.4 
4.4 
2.9 


26.4 


Horse 
work 


Hours 


1. 
13. 

T. 

4. 
4. 


.8 

'i.'e 


29.0 


Cost 


Dollars 

0.30 
.25 

2.34 
.42 
.35 

1.00 
.77 
.03 
.14 

1.32 
.60 


.52 


'  Trees  set  60  by  60  feet  or  12  to  the  acre,  of  which  2  per  cent  were  missing,  80  per  cent  were  in  bearing, 
and  18  per  cent  were  not  in  bearing — mainly  replants. 

2  Ordinary  labor  at  15  cents  an  hour,  supervision  at  30  cents,  and  horse  work  at  10  cents. 

3  Approximately  one-third  of  the  orchard  acreage  received  a  winter  cover  crop  of  oats. 

*  Includes  hoeing,  spraying,  orchard  sanitation,  applying  manure  and  commercial  fertilizer. 

Table  26. — Florida,  Monticello  district:  Annual  cost  per  acre  of  operating  pecan 
orchards  15  to  19  years  old  ^  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928,  and  yield  required  to  cover  costs 


Item 

Quantity 

Cost 

Labor  and  power  prior  to  harvest: 

Man  labor .  _  .  .  . .  . ...... 

Hours 
26.4 
29.0 

Dollars 
4.62 

Horse  work 

2.90 

Total - 

7.52 

Materials: 

Summer  cover  crop,  velvetbeans,  at  $2.50  i)er  bushel 

Bushel 
0.25 
1.00 

.62 

Winter  cover  crop,  oats,  at  $1  per  bushel .  .  . .  .  . . .  .  . 

2  .33 

Miscellaneous  3. 

3.98 

Total 

4.93 

other  costs: 

Taxes 

1.30 

T'se  of  machinery  ♦.. 

1.28 

Overhead  * 

L87 

Total 

4.45 

Total  cost  exclusive  of  interest 

1().  90 

Interest  at  6  iier  cent  *. 

11.  15 

Total  cost 

28.05 

Quantity  of  nuts  at  31  cents  per  pound  '  required  to  cover  costs,  including  harvesting: 
Exclusive  of  interest 

Pounds 

(i2 

101 

Inclusive  of  interest ..      ..  . 

'  Trees  sot  60  by  60  feet,  or  12  per  acre,  of  which  2  per  cent  were  mLssing,  80  per  cent  were  in  bearing,  and 
18  i)cr  cent  were  replants  and  not  in  l)caring. 

'  IJiusod  on  a  winter  cover  i nip  of  oats  used  on  aiM'roxiniately  one-third  of  the  orchard  acreage. 

'  Includes  spray  material,  fertilizer,  manure,  and  other  materials. 

*  ."^eo  [).  16  for  inethoils  of  computing  machinery,  overhead,  and  interest  charges. 

'The  192H  ."-Jtat  eaverago  farm  price.  Harvesting  costs  include  picking,  grading,  and  delivery  to  local 
shipping  point,  and  are  based  on  pecans  sold  to  buyers  by  express. 
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Harvest  costs  in  1928  ranged  from  $1.50  to  $4  per  hundred  pounds 
of  nuts.  The  cost  per  pound  of  producing  pecans  will  vary  not  only 
with  the  system  of  management,  but  also  with  the  yields  obtained. 
Of  the  orchards  15  to  19  yeare  of  age  from  which  production  records 
were  obtained  in  1928,  over  50  per  cent  did  not  have  yields  sufhcient 
to  pay  costs,  including  interest  charges  and  harvesting  costs.  The 
other  orchards  had  yields  ranging  up  to  500  pounds  an  acre.  This 
was  in  a  year  considerably  above  the  average  from  a  standpoint  of 
yields.  By  enlarging  the  sample  by  the  inclusion  of  other  yield  data 
obtained  by  the  questionnaire  method  a  comparable  variation  in 
yields  is  shown,  with  a  large  proportion  of  the  orchards  not  producing 
yields  sufficient  to  cover  the  yearly  costs.  On  the  basis  of  12  trees 
to  the  acre,  of  which  80  per  cent  are  in  bearing,  two-thirds  of  the 
orchards  15  to  19  years  old  did  not  have  yields  sufficient  to  pay 
costs,  including  interest  and  harvesting  charges,  based  on  the  practices 
shown  in  Table  26. 

Several  factors  in  the  Monticello  district  may  operate,  singly  or  in 
combination,  in  bringing  about  low  yields.  Failure  to  select  a  suit- 
able site  for  the  orchard  with  respect  to  soils  and  topography  has  often 
resulted  in  the  planting  of  trees  where  it  is  difficult  to  secure  economic 
yields.  Inadequate  financing  of  the  enterprise  at  the  outset  may 
account  for  the  neglect  and  resultant  low  yields  caused  by  failure  to 
provide  for  soil  fertility  and  for  the  control  of  diseases  and  insect 
pests.  Repeated  top-working  of  trees  to  new  varieties  by  som^e 
growers  in  an  attempt  to  control  scab  accounts  in  part  for  the  yield 
variations  in  that  the  entire  orchard  may  not  be  in  bearing  at  one 
time,  with  the  degree  of  yielding  capacity  dependent  on  the  length  of 
time  that  the  top-working  has  been  done. 

Individual  orchards  of  well-chosen  varieties  have  proved  successful 
in  those  cases  in  which  leguminous  cover  crops  have  been  used,  sup- 
plemented by  commercial  fertilizers  and  proper  cultural  practices,  and 
diseases  and  insect  pests  have  been  controlled. 

EASTERN    DISTRICT 

The  orchards  studied  in  the  eastern  district  of  Florida  are  in 
Alachua,  Bradford,  and  Duvall  Counties,  the  majority  being  in  the 
first  two  counties.  In  this  district  it  is  a  common  practice  to  grow 
certain  intercrops  such  as  truck  crops,  corn,  and  occasionally  cotton, 
in  young  orchards  during  the  development  period.  For  the  first 
three  or  four  years  these  crops  are  usually  planted  up  to  the  trees, 
the  orchard  receiving  the  same  cultivation  as  that  given  the  intercrop. 
For  the  remainder  of  the  development  period,  a  free  space  on  each 
sijde  of  the  tree  rows  is  cultivated  independently.  Cover  crops  are 
used  in  some  of  the  orchards,  but  the  practice  is  not  common. 

The  tractor  work  is  generally  confined  to  disking  the  land.  At 
rates  prevailing  in  1928,  the  total  labor  and  power  cost  for  the  first 
10  years  to  bring  the  orchard  to  bearing  age  is  given  in  Table  27. 
The  total  cost,  including  interest  compounded  annually,  plus  land  at 
$30,  amounted  to  $168  an  acre.     (Table  28.) 
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Table  27. — Florida,  eastern  district:  Labor  and  power  costs  per  acre  of  developing  a 
pecan  orchard  during  the  first  10  T/ears,  according  to  a  common  method  '  and  at 
cost  rates  prevailing  in  1928 


\  ears  operation 
is  performed 

Size  of  crew 

ID 

>> 
CO   r.. 

.5  » 

Porcentage 

charged  to 

pecans 

Charged  to  pecans 

Operation 

a 

1 

II 

1^ 

Plow 

First  to  tenth 

do 

Num- 
ber 
1 
1 

2 
1 
5 
2 
2 
2 
2 
2 

Num- 
ber 
2 

Num- 
ber 

Or- 
chard 
acres 
2 
15 

20 

2 

10 

25 

20 

16 

14 

10 

4 

20 

15 

12 

11 

10 

9 

8 

7 

6 

Num- 
ber 

3 
3 
3 
2 
2 

Per 

cent 
2  6-10 
2  6-40 

100 
100 
100 
100 
100 
100 
100 
100 
2  6-12 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Hours 

11.4 

1.9 

1.0 
5.0 
5.0 
1.6 
1.0 
1.2 
2.8 
8.0 
2.7 
4.5 
6.0 
5.1 
1.8 
2.0 
1.1 
1.2 
1.4 
1.7 
18.7 
26.5 

I/ours 
22.8 

Hours 
'"'i.'9" 

Dol- 
lars 
3  99 

Harrow  (disk). 

2  66 

Plant: 

Set  stakes 

First 

.15 

Dig  holes 

do 

do 

First  and  second. 

Third 

.75 

Set  trees 

Apply      fertilizer 

2 
2 
2 
2 
2 
2 
1 
2 
2 

2.0 
1.6 
1.0 
1.2 
2.8 
8.0 
2.7 
9.0 
12.0 

.95 
.40 
.25 

Fourth    . 

30 

around  trees 

Cultivate 

Fifth  and  si.xth... 

Seventh  to  tenth. 

First  to  fourth 

/Fifth  to  seventh. 
1  Eighth  to  tenth.. 

First  to  third 

Fourth 

.70 

2.00 

.67 

Cultivate    tree 
rows 

1.58 
2.10 

.77 

27 

Fifth  and  si.\th_. 
< Seventh ... 

.30 

Hoe  around  trees. 

.16 

Eighth 

.  18 

Ninth 

.21 

Tenth 

First  to  tenth 

.26 

Supervision 

5.61 

Miscellaneous  ^. 

do 

10.5 



5.03 

TotaL 

111.6 

73.6 

1.9 

29  29 

'  Trees  set  50  by  50  feet  or  17  to  the  acre.  Interplanted  crops  grown  up  to  and  including  the  tree  rows  for 
the  first  4  years.  Tree-row  spaces  have  a  total  width  of  about  12  feet  for  the  following  3  years  and  20  feet 
for  the  next  3  years.  Tree-row  space  is  cultivated  independently  from  the  fifth  to  tenth  years;  rest  of  space 
cropped  in  corn  or  other  cultivated  crop  for  harvest. 

2  Charges  for  laud  preparation  prorated  to  pecans  a?  follows:  First  year,  6  per  cent,  second  year,  8  per 
cent;  third  year,  10  per  cent;  fourth  year,  12  per  cent;  fifth  to  .seventh  year,  25  per  cent;  and  eighth  to 
tenth  year,  40  per  cent.  Percentage  charges  to  pecans  for  cultivations  are  the  same  as  for  land  preparation 
for  the  first  four  years  and  100  per  cent  from  the  fifth  to  tenth  years. 

'  Includes  applying  manure,  pruning,  spraying,  orchard  sanitation,  and  replacing  missing  trees. 

The  practice  of  growing  intercrops  for  harvest  is  usually  discon- 
tinued when  the  young  orchards  come  into  commercial  bearing.  The 
majority  of  the  bearing  orchards  are  given  clean  cultivation.  The 
practice  of  spraying  or  dusting  and  the  use  of  cover  crops  are  not 
common.  Following  the  spring  plowing,  the  bearing  orchard  is 
given  clean  cultivation  with  a  disk  harrow,  the  number  of  cultivations 
depending  somewhat  on  weather  conditions.  The  care  of  an  acre  of 
bearing  orchard  in  eastern  Florida  usually  involves  slightly  more 
than  three  days  of  man  labor  per  acre  and  the  necessary  motive 
power  for  performing  the  field  operations.  Tractor-drawn  disks  are 
commonly  used  for  cultivating.  The  labor  and  power  cost  in  1928, 
not  including  harvesting  the  crop,  is  shown  in  Table  29  and  the  total 
operating  cost  in  Tnble  30.  Harvesting  costs  in  1928  varied  from 
$1.50  to  $3.50  a  hundred  pounds  of  nuts. 
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Table  28. — Florida,  eastern  district:  Cost  per  acre  of  developing  a  pecan  orchard  for 
the  first  10  years,  by  years,  according  to  a  common  method  and  at  cost  rates  prevailing 
in  1928 


Item 

First 
year 

Sec- 
ond 
>c:ir 

Third 
yeiu: 

Fourth 
year 

Fifth 
year 

Sixth 
year 

Sev- 
enth 
year 

Eighth 
year 

Ninth 
year 

Tenth 
year 

Fertilizer pounds.. 

Labor  and  power: 

Man  labor hours.. 

Horse  work do 

Tractor  work do 

Labor  and  power: 
Man  labor  '. 

34 

19.2 

4.4 

.1 

Dolls. 
3.36 

.44 

.13 

51 

8.4 

3.1 

■1 

Dolls. 
1.47 

.31 

.13 

68 

8.5 

4.1 

.1 

Dolls. 
L48 

.41 

.13 

102 

8.2 

4.3 

.1 

Dolls. 
1.44 

.43 

.13 

119 

10.1 

7.8 
.2 

Dolls. 
L77 

.78 

.25 

130 

9.0 

7.9 
.2 

Dolls. 
1.57 

.79 

.25 

153 

9.5 

8.2 

.2 

Dolls. 
1.66 

.82 

.25 

170 

12.4 

11.2 

.3 

Dolls. 
2.17 

1.12 

.38 

170 

13.6 

1L4 

.3 

Dolls. 
2.38 

1.14 

.38 

170 

12.7 

11.2 

.3 

Dolls. 
2.22 

Horse  work  at  10  cents  per 
hour 

1.12 

Tractor  work  at  $L25  per 

hoUT-. 

.38 

Total 

3.93 

1.91 

2.02 

2.00 

2.80 

2.61 

2.73 

3.67 

3.90 

3.72 

Materials: 

Trees  at  $1  each 

17.00 
.68 
.33 

Fertilizer  at  $40  per  ton... 
Miscellaneous  ^ 

1.02 
.75 

1.36 

.77 

2.04 
.80 

2.38 
.97 

2.72 
1.06 

3.  06 

.89 

3.45 
1.33 

3.40 
1.89 

3.40 
1.89 

Total 

18.01 

1.77 

2.13 

2.84 

3.35 

3.78 

3.95 

4.73 

5.29 

5.29 

Other  costs: 

Taxes  3 

Ilse  of  machinery  * 

Overhead  * 

.08 

.16 

3.29 

.10 
.  13 
.55 

.12 
.17 
.62 

.15 
.19 
.73 

.31 
.32 
.92 

.31 
.32 
.96 

.31 

.33 

1.00 

.50 

.46 
1.26 

.50 

.47 

1.38 

.50 

.46 

1.35 

Total 

3.53 

.78 

.91 

L07 

1.55 

1..59 

1.64 

2.22 

2.35 

2.31 

Total  cost,  exclusive  of  interest- 
Interest  at  6  per  cent  3  < 

25.47 
.16 

4. 46 
1.73 

5.06 
2.15 

.5.91 
2.63 

7.70 
3.42 

7.98 
4.09 

8.32 
4.81 

10.62 
5.92 

11.54 
6.92 

11.32 
8.02 

Total  cost 

25.63 

6.19 

7.21 

8.  54 

11.12 

12.07 

13.13 

16.54 

18.46 

19.34 

Cost  of  development  at  end  of 
each  year  * 

55.63 

61.82 

69.03 

77.57 

88.69 

100.  76 

113.89 

130.43 

148. 89 

168.23 

1  Ordinary  labor  charged  at  15  cents  per  hour,  supervision  at  30  cents  per  hour. 

2  Includes  replants,  spray  material,  and  manure. 

3  Charges  for  taxes  and  interest  prorated  to  pecan  trees  as  follows:  First  year,  6  per  cent;  second  year,  8 
per  cent;  third  year,  10  per  cent;  fourth  year,  12  per  cent;  fifth  to  seventh  years,  25  per  cent;  eighth  to  tenth 
years,  40  per  cent. 

'  See  p.  16  for  method  of  computing;  machinery,  overhead,  and  interest  charges. 
5  Total  cost,  including  interest  plus  initial  value  of  land  at  .$30  an  acre. 


Table  29. — Florida,  eastern  district:  Annual  labor  and  power  cost  per  acre  of 
operating  pecan  orchards  15  to  19  years  old  '  up  to  harvest  time,  according  to  a 
com,m,on  method,  and  at  cost  rates  prevailing  in  1928  ^ 


Size  of  crew 

Rate  of 

work 

per  day 

Times 
done 

Man 
labor 

Horse 

work 

Tractor 
work 

Cost 

Operation 

Men 

Horses 

Tractor 

Prune.. 

NibJii- 
ber 
1 
1 

Num- 
ber 

Num- 
ber 

Orchard 

acres 

5 

12 

Num- 
ber 

1 
1 

Hours 
2.0 
.8 
2.4 
10.0 
2.5 
1.3 
5.2 
7.0 

Hours 

Hours 

Dollars 
0.30 

Remove  pruned  wood 

Orchard  sanitation 

2 

1.6 

1.0 

10.0 

2.5 

""'i."3' 

.28 
.46 

Plow 

1 
2 
1 

1 
2 

'V 

1 

8 

15 

1 
1 
2 

2.50 

Apply  fertilizer  around  trees. 
Cultivate  (disk  harrow) 

.62 
1.82 
1.56 

Miscellaneous  3 

4.1 

.3 

1.84 

Total 

31.2 

19.2 

1.6 

9.38 

1  Trees  set  50  by  50  feet,  or  17  to  the  acre,  of  which  3  per  cent  were  missing,  95  per  cent  were  in  bearing, 
and  2  per  cent  were  not  in  bearing — mainly  replants. 

2  Ordinary  labor  at  15  cent  an  hour,  supervision  at  30  cents,  horse  work  at  10  cents,  and  use  of  tractor  at 
$1.25. 

3  Includes  hoeing,  applying  manure,  spraying,  sowing  cover  crop,  and  miscellaneous  operations. 
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Table  30. — Florida,  eastern  district:  Annual  cost  per  acre  of  operating  pecan 
orchards  15  to  19  years  old  ■  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928,  and  yield  required  to  cover  costs 


Item 

Quantity 

Cost 

Labor  and  power  prior  to  harvest: 

Manlabor 

Hours 
31.2 
19.2 
].6 

Dollars 
.5.46 

Horse  work 

1.92 

Tractor  work 

2.00 

Total 

9.38 

Materials: 

Fertilizer  at  $40  per  ton    

Pounds 
330 

6.60 

Miscellaneous  ^ 

2.68 

Total                                              -- 

9.28 

Other  costs: 

Taxes                                                              

1.25 

Use  of  machinery,  not  including  tractor  ' - 

1.24 

Overhead  ^                                                 -      -  - 

2.80 

Total -- - 

5.29 

23.95 

Interest  at  6  ner  cent  ^ 

10.55 

Total  cost    

34.50 

cover  cost  including  harvest: 

Quantity  of  nuts  at  31  cents  per  pound  *  required  to 
K\clnsive  of  interest 

86 
123 

1  Trees  set  50  by  50  feet,  or  17  to  the  acre,  of  which  3  per  cent  were  missing,  95  per  cent  were  in  bearing, 
and  2  per  cent  were  not  in  bearing — mainly  replants. 

2  Includes  spray  material,  cover-crop  seed,  manure,  and  other  materials. 

3  .See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 

*  The  1928  State  average  farm  price.    Harvesting  costs  include  picking,  grading,  and  delivery  to  local 
shipping  point  and  are  based  on  pecans  sold  to  buyers  by  freight. 

The  range  of  yields  reported  in  the  district  reveals  that  many  or- 
chards did  not  have  a  yield  sufficiently  high  to  cover  costs,  while  others 
showed  a  sizable  margin  of  profit.  A  few  of  the  orchards  reported 
practically  no  yields,  others  had  varying  yields,  the  highest  rmining 
up  to  594  pounds  an  acre. 

Although  variations  in  yields  between  orchards  are  affected  largely 
by  differences  in  ages  of  plantings,  a  wide  range  in  jdelds  also  exists 
between  orchards  classed  in  the  same  age  group.  Of  the  group  of 
orchards  15  to  19  years  old  from  which  production  records  were 
obtained,  33/3  per  cent  did  not  have  jdelds  sufficient  to  pay  costs 
computed  on  the  basis  of  the  common  method  of  operating  orchards 
in  the  district.  (Table  29.)  The  care  given  some  of  the  orchards 
would  not  entail  a  per-acre  cost  as  liigh  as  that  shown  in  Table  30, 
but  the  returns  in  most  cases  were  correspondingly  lower. 

The  principal  factors  affecting  pecan  yields  in  this  district  are  shnilar 
to  those  outhned  in  the  discussion  of  conditions  in  the  Alonticello 
district.  An  especially  important  factor  in  this  district  is  the  selec- 
tion of  a  suitable  site  for  the  orchard  with  respect  to  fertility  of  soil. 
Tliis  is  especially  important  in  sections  where  intercrops  are  to  be  used. 
Failure  to  recognize  this  fundamental  principle  has  resulted  in  many 
cases  in  placing  orchards  in  which  there  is  apparently  small  pros- 
pect of  ever  obtaining  profitable  yields. 

ALABAMA 

MOBILE    DISTRICT 

The  orchards  studied  in  the  Mobile  district  are  all  in  Mobile  County. 
Pecan  and  Satsuma  orange  trees  are  commonly  planted  in  the  same 
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orchard  at  the  rate  of  8  orange  trees  to  1  pecan  tree,  making  12  pecan 
and  96  Satsiima  trees  to  the  acre.  Since  the  general  system  of  orchard 
development  and  management  is  concerned  with  a  combination  pecan- 
orange  orchard,  any  computation  of  the  costs  chargeable  to  pecans 
must  apportion  those  costs  common  to  both.  Certain  operations, 
such  as  planting,  pruning,  and  fertilizing,  are  done  on  one  or  the 
other  of  the  two  kinds  of  trees  and  are  therefore  chargeable  directly 
to  the  trees  for  which  performed.  Other  operations,  such  as  plowing, 
cultivating,  and  seeding  cover  crops,  are  chargeable  to  both  and  have 
been  apportioned  accordingly. 

These  estimates  of  cost  prorations  were  based  on  the  relative 
orchard  area  occupied  by  each  kind  of  tree.  As  the  pecan  trees 
increased  in  size  and  occupied  relatively  more  of  the  orchard  space, 
they  were  charged  with  a  greater  proportion  of  those  cost  items 
common  to  both.  The  portion  of  the  joint  expenses  chargeable  to 
pecans  for  each  year  of  the  development  period  is  shown  in  the  foot- 
notes to  Tables  31  and  32. 

Table  31. — Alabama,  Mobile  district:  Labor  and  power  costs  per  acre  of  developing 
a  pecan  orchard  during  the  first  10  years,  with  Satsuma  oranges  set  as  fillers,  ' 
and  at  cost  rates  prevailing  in  1928 


Years  operation 
is  performed 

Size  of  crew 

Rate   of   work    per 
day 

Times    done    each 
year 

be 

k 

taoS 

Charged  to  pecans 

Operation 

a 

o 

U4 

o 

a 

03 

Horse  work 

Tractor  work 

Cost 

Plow 

Harrow  (disk)__. 
Plant: 

Set  stakes 

First  to  tenth 

First 

Num- 
ber 
1 

1 

3 
2 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 

1 
1 
1 

1 
1 

Num- 
ber 

Num- 
ber 

1 
1 

Or- 
chard 

acres 

4 

15 

25 
7 
14 
50 
40 
34 
28 
24 
22 
20 
18 
16 
15 

15 
12 
10 

8 
10 

N'um- 
ber 

Per 

cent 

2  10-20 

10 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
2  10-20 

100 
100 
100 

100 

2  10-20 

100 

100 

100 
100 

Hours 

2.9 

.1 

1.2 

2.9 

3.6 

.6 

.8 

.9 

1.1 

1.2 

1.4 

1.5 

1.7 

3.8 

6.0 

10.8 
1.6 
2.0 

2.4 

1.2 

12.6 

3.3 

15.1 
11.7 

Hours 

Hours 

2.9 
.1 

Dol- 
lars 

4.28 
15 

do 

27 

Dig  holes 

Set  trees 

do 

-.do- 

65 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

...... 

1.4 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

1.1 

2.4 

~"Ko 

1  02 

/    ..do 

19 

Second. 

25 

Third 

29 

Fourth 

35 

Apply    fertilizer 

Fifth 

39 

around  trees. 

Sixth      .. 

45 

Seventh-.  .. 

49 

Eighth... 

55 

Cultivate    (disk 
harrow). 

Ninth  and  tenth. 
First  to  tenth 

First  to  fourth 

Fifth  and  sixth... 
Seventh    and 

eighth. 
Ninth  and  tenth. 
Second  to  tenth.. 
..      do 

1.22 

8.85 

2.43 

36 

Hoe  around  trees 

45 

54 

Seed  cover  crop.. 
Prune -- 

2 

2.4 

.63 
2  83 

Remove  pruned 

Sixth  to  tenth. 

3.3 

1  24 

wood. 
Supervision 

First  to  tenth 

6  80 

Miscellaneous  3.  _ 

do _. 

2.63 

Total 

90.4 

15.5 

9.0 

37.31 

1  Pecan  trees  set  60  by  60  feet,  and  Satsumas  as  fillers — about  12  pecan  trees  and  96  Satsuma  trees  per  acre. 
No  interplanted  crop  grown  for  harvest  during  development  period. 

2  Charges  for  land  preparation,  cultivation,  and  seeding  of  cover  crop  charged  to  pecans  as  follows:  First 
five  years,  10  per  cent;  sixth  year,  11  per  cent;  seventh  year,  13  per  cent;  eighth  year,  15  per  cent;  ninth  year, 
17  per  cent;  and  tenth  year.  20  per  cent. 

3  Includes  treatment  for  borers,  spraying,  applying  manure,  and  replacing  missing  trees. 
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Table  32. — Alabama,  Mobile  district:  Cost  per  acre  of  developing  a  pecan  orchard 
for  the  first  10  years,  by  years,  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928 


Item 

First 
year 

Sec- 
ond 
year 

Third 
year 

Fourth 
year 

Fifth 
year 

Sixth 
year 

Sev- 
enth 
year 

Eighth 
year 

Ninth 
year 

Tenth 
year 

Fertilizer ...pounds.. 

Labor  and  power: 

Man  labor hours.. 

Horse  work do 

Tractor  work do 

Labor  and  power: 

Man  labor  ' . 

24 

14.3 
1.8 

.8 

Dolls. 
3.76 

.27 

1.00 

48 

9.1 
.  7 

.7 

Dolls. 
2.39 

.10 

.88 

72 

8.3 
.8 
.  7 

Dolls. 
2.18 

.  12 

.88 

90 

7.3 
.9 

.  7 

Dolls. 
1.91 

.14 

.88 

120 

6.0 
1.0 

.7 

Dolls. 
1.58 

.15 

.88 

144 

7.7 
1.7 

.8 

Dolls. 
2.02 

.25 

1.00 

168 

8.5 

L8 

.9 

Dolls. 
2.23 

.27 

1.12 

192 

9.0 
2.2 
1.1 

Dolls. 
2.36 

.33 

1.37 

216 

10.0 
2.3 

1.2 

Dolls. 
2.63 

.34 

1.50 

240 

10.2 
2.3 
1.4 

Dolls. 
2.68 

34 

Horse  work  at  15  cents  per 
hour .  . 

Tractor  work  at  $1.25  per 
hour. 

1.75 

Total 

5.03 

3.37 

3.18 

2.93 

2.61 

3.27 

3.62 

4.06 

4.47 

4  77 

Materials: 

Trees  at  75  cents  each. .  .. 

9.00 
.45 

P'ertilizer  at  $37.50  per  ton. 
Cover  crop  seed  (vetch)  at 
12  cents  per  pound 

.90 

.24 
.54 

1.35 

.24 

.28 

1.80 

.24 
.15 

2.25 

.24 
.08 

2.70 

.26 

.08 

3.15 

.31 
.10 

3.60 

.36 
.08 

4.05 

.41 
.08 

4.50 

48 

Miscellaneous  ^ 

.28 

08 

Total 

9.73 

1.68 

1.87 

2.19 

2.57 

3.04 

3.56 

4.04 

4.54 

5  06 

Other  costs: 

Taxes  ^ 

.04 

.07 

2.21 

.04 
.02 
.76 

.04 
.03 

.76 

.01 
.03 
.77 

.04 
.04 

.78 

.04 
.06 
.95 

.05 

.07 

1.08 

.06 

.08 

1.22 

.07 

.09 

1.35 

08 

Use  of  machinery  * 

Overhead  * 

.09 

1  47 

Total 

2.32 

.82 

.83 

.84 

.86 

1.05 

1.20 

1.36 

1.51 

1  64 

Total  cost,  exclusive  of  interest. 
Interest  at  6  per  cent  ^  < 

17.08 
.20 

5.87 
1.22 

5.88 
1.65 

5.96 
2.10 

6.04 
2.59 

7.36 
3.13 

8.38 
3.80 

9.46 
4.57 

10.  52 
5.45 

11.47 
6.46 

Total  cost 

17.28 

7.09 

7.53 

8.06 

8.63 

10.49 

12.18 

14.03 

15.  97 

17  93 

Cumulative  cost  ° .  ... 

17.28 

24.37 

31.90 

39.  96 

48.59 

59.08 

71.26 

85.25 

101.  26 

119  19 

•  Ordinary  labor  at  22'^  cents  per  hour,  supervision  at  45  cents  per  hour. 

2  Includes  trees  for  replanting,  spraying,  manuring,  and  other  items. 

3  Charges  for  taxes  and  interest  prorated  to  pecan  trees  as  follows:  First  5  years,  10  per  cent;  sixth  year, 
11  per  cent;  seventh  year,  13  per  cent;  eighth  year,  15  per  cent;  ninth  year,  17  per  cent;  and  tenth  year,  20 
per  cent. 

*  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 

5  Includes  interest  on  the  value  of  the  proportion  of  an  acre  of  land  occupied  by  pecan  trees.  The  initial 
value  of  the  land,  .$30  per  acre,  is  not  included. 

During  the  development  period  a  winter  cover  crop  of  vetch  is 
turned  under  in  the  spring  and  the  pecan  trees  are  fertihzed  inde- 
pendently of  the  orange  trees.  The  entire  orchard  is  then  given  clean 
cultivation  during  the  growing  season.  Neither  spraying  nor  dusting 
of  pecan  trees  is  practiced  to  any  extent.  Comparatively  large 
orchards  \\dth  rather  level  surface  and  the  practice  of  clean  cultivation 
are  factors  favoring  the  use  of  tractor-drawn  implements  for  such 
operations  as  plowing,  disking,  and  cultivating.  An  acre  of  land  of 
the  character  set  to  pecan  and  orange  trees  is  valued  generally  at 
about  $30  an  acre. 

The  combination  of  orange  and  pecan  trees  is  maintained  in  bearing 
orchards,  and  the  same  general  system  of  orchard  practice  is  followed 
as  for  young  orchards.  In  orchards  15  to  19  years  of  age  crowding 
has  not  yet  been  serious  enough  to  necessitate  any  change  in  the 
original  arraiigomont.  Tlie  ])ro])ortionate  share  of  the  joint  expenses 
of  o])oration  chargeable  to  ])ecans  is  shown  in  Tables  33  and  34.  It  is 
probable  that  with  increasing  age  and  size  of  tlie  trees  it  may  become 
necessary  to  thin  the  orchard  to  prevent  detrimental  overcrowding. 
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Present  plans  call  for  the  removal  of  some  of  the  orange  trees  when 
this  becomes  necessary. 

Tractors  are  the  usual  source  of  motive  power  for  plowing  and 
cultivating.  For  the  pecan  trees,  the  cost  of  labor  and  power,  not 
including  harvesting  the  crop,  is  shown  in  Table  33.  The  total  1928 
operating  cost  chargeable  to  pecans,  excluding  harvesting  costs,  is 
given  in  Table  34.  Harvest  costs  in  1928  varied  from  $1.50  to  $3  per 
hundred  pounds  of  nuts,  depending  largely  on  the  yield  obtained. 

Table  33. — Alabama,  Mobile  district:  Annual  labor  and  -power  cost  per  acre  of 
operating  pecan  orchards  15  to  19  years  old  '  up  to  harvest  time,  according  to  a 
comynon  method,  and  at  cost  rates  prevailing  in  1928  ^ 


Size  of  crew 

Rate  of 

work 

per  day 

Times 
done 

Per- 
centage 
charged 

to 
pecans 

Charged  to  pecans 

Operation 

Men 

Horses 

Trac- 
tors 

Man 
labor 

Horse 
work 

Trac- 
tor work 

Cost 

Prune 

Num- 
ber 
1 
2 

I 

1 

1 

Num- 
ber 

Num- 
ber 

Orchard 
acres 
1.25 
10 
4 

25 
15 
10 

Num- 
ber 
1 
1 
1 
2 
6 
1 

Per 

cent 

100 

100 

35 

100 

35 

35 

100 

100 

Hours 
8.0 
2.0 

.9 
4.0 
1.4 

.4 
4.3 
5.0 

Hours 

Hours 

Dol- 
lars 
1.80 

Remove  pruned  wood 

Plow 

Apply  fertilizer  around  trees. 

Cu  tivate  (disk  harrow) 

Seed  cover  crop 

Supervision        . 

2 
-- 

-- 

2.0 

"'V.b' 

.75 
1.33 
1.  14 
2.06 

.21 
1.94 

Miscellaneous  3 .    . 

4.1 

1  74 

Total 

26.0 

8.5 

2.3 

10.97 

1 

1 

1  Based  on  Satsuma  oranges  set  as  fillers  in  the  pecan  orchard.  One  acre  of  orchard  when  planted  with 
pecan  trees,  set  60  by  60  feet,  and  Satsumas  as  fillers,  contains  about  12  pecan  trees  and  96  Satsuma  trees. 
Ninety  per  cent  of  the  pecan  trees  were  in  bearing,  5  per  cent  missing,  and  5  per  cent  not  in  bearing — mainly 
replants. 

2  Ordinary  labor  at  22i,2  cents  per  hour,  supervision  at  45  cents,  horse  work  at  15  cents,  and  use  of  tractor 
at  $1.25. 

3  Includes  orchard  sanitation,  spraying,  mowing  weeds,  and  other  operations. 

Yields  in  the  Mobile  district  were  exceptionally  favorable  in  1928, 
compared  with  other  seasons.  (Table  8.)  Of  the  orchards  from 
which  production  records  for  1928  were  secured  by  personal  visits, 
yields  from  orchards  15  to  19  years  of  age  averaged  323  pounds  an 
acre.  All  orchards  studied  showed  yields  that  were  more  than  suffi- 
cient to  cover  the  cost  of  production  computed  on  the  basis  of  the  com- 
mon method  of  operating  pecan  orchards  in  the  district.  (Table  34.) 
Production  ranged  from  277  pounds  an  acre  for  the  orchard  reporting 
the  lowest  to  585  pounds  an  acre  for  the  orchard  reporting  the  highest 
yield. 

The  orchards  studied  yielded  practically  nothing  during  the  two 
years  preceding  1928.  These  two  crop  failures  were  attributed  by 
orchardists  largely  to  a  severe  storm  in  the  latter  part  of  1926  which 
damaged  the  trees  considerably.  In  1925  when  relatively  normal 
conditions  prevailed  compared  with  other  years,  yields  averaged  180 
pounds  an  acre.  Production  ranged  from  69  pounds  an  acre  for  the 
orchard  having  the  lowest  yield  to  425  pounds  an  acre  for  the  orchard 
having  the  highest.  The  effect  of  conditions  during  the  preceding 
years  on  the  yields  obtained  in  the  area  in  1928  is  problematical. 
These  conditions  are  mentioned  here,  however,  to  give  a  better  per- 
spective than  is  afforded  when  results  secured  in  any  one  year  are 
viewed.  The  yields  obtained  from  some  individual  orchards  in  the 
Mobile  district  for  a  period  of  years  are  shown  in  Table  14. 
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Table  34. — Alabama,  Mobile  district:  Annual  cost  per  acre  of  operating  pecan 
orchards  15  to  19  years  old  '  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928,  and  yield  required  to  cover  costs 


Item 

Quantity 

Cost 

Labor  and  power  prior  to  harvest: 

Man  labor 

Hours 
26.0 
8.5 
2.3 

Dollars 
6  82 

Horse  work 

1  28 

Tractor  work 

9  S7 

Total.. 

10  97 

Materials: 

Fertilizer  at  $37.50  per  ton 

Pounds 

570 

20 

10  69 

Winter  cover  crop,  vetch  at  12  cents  per  pound 

2  84 

Miscellaneous  3 

60 

Total 

12  13 

Other  costs: 

Taxes  2 

14 

Use  of  machinery,  not  including  tractor  < 

90 

Overhead  * 

3  46 

Total.. 

4  50 

Total  cost,  exclusive  of  interest . 

2'.  60 

8  14 

35  74 

Quantity  of  nuts  at  30  cents  per  pound  *  required  to  cover  cost  including  harvest: 
Exclusive  of  interest 

102 
132 

1  Trees  set  60  by  60  feet,  with  Satsuma  oranges  as  fillers,  or  12  pecan  trees  and  96  Satsuma  trees  to  the  acre. 
Five  per  cent  ol  the  pecan  trees  were  missing,  90  per  cent  were  bearing,  and  5  per  cent  were  not  in  bearing — 
mainly  replants. 

2  35  per  cent  of  the  cost  of  cover-crop  seed  and  taxes  and  interest  was  charged  to  pecans. 
■*  Includes  spray,  paint,  and  other  materials. 

*  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 

«  The  1928  State  average  farm  price.  Harvesting  costs  include  picking,  grading,  and  delivery  to  local 
shipping  point  and  are  based  on  pecans  sold  to  local  dealers. 


SELMA    DISTRICT 


The  orchards  studied  in  the  Selma  district  of  Alabama  are  in  Dallas 
and  Lowndes  Counties,  the  majority  being  in  Dallas  County.  With 
few  exceptions,  the  development  of  a  pecan  orchard  in  this  district  is 
incidental  to  the  production  of  field  crops  for  harvest.  Cotton  and 
other  field  crops  for  harvest  are  interplanted  up  to  the  trees  during 
the  entire  development  period.  Cotton  is  usually  interplanted  for 
four  successive  years,  alternating  with  corn,  potatoes,  or  some  other 
crop  for  harvest  the  fifth  year.  Spraying  or  dusting  is  not  commonly 
done  in  young  orchards.  The  use  of  tractor-drawn  implements  is 
not  common  in  the  development  of  young  orchards  largely  because  of 
the  interplanting  of  row  crops,  mostly  cotton,  grown  mainly  by 
share  labor. 

The  total  labor  and  power  cost  for  the  first  10  years  is  shown  in 
Table  35.  At  the  end  of  the  tenth  year  the  total  cost,  including  in- 
terest compounded  annually,  plus  the  value  of  the  land  at  $25, 
amounted  to  about  $104  an  acre.     (Table  36.) 
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Table  35. — Alabama,  Selma  district:  Labor  and  power  costs  per  acre  of  developing 
a  pecan  orchard  during  the  first  10  years,  according  to  a  common  method  '  and  at 
cost  rates  prevailing  in  1928 


Operation 

Years  operation  is 
performed 

Size  of  crew 

Rate  of 

work 

per 

day 

Times 
done 
each 
year 

Percent- 
age 

charged 
to 

pecans 

Charged  to 
pecans 

Cost 

Men 

Horses 

Man 
labor 

Horse 
work 

Plow 

/First -_ 

ISecond  to  tenth 

First 

Num- 
ber 
1 
1 
1 

3 

1 
3 
1 
2 

1 
1 
1 
1 
1 
1 

Num- 
ber 
2 
2 
4 

-- 

1 
2 

i 

Orchard 
acres 
1.5 
1.5 
10 

25 

3.5 
12 

7 
10 

3.5 
25 
20 
18 
15 
12 

Num- 
ber 
2 

I 

1 

_. 

1 

3 
3 
3 
3 
3 

Per 
cent 

5 
25-22 

5 

100 
100 
100 

2  5-22 
100 

25-22 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Hours 

0.7 

7.9 

.1 

1.2 
2.9 
2.5 
1.8 
2.0 
18.2 
2.4 
3.0 
1.7 
6.0 
5.0 
5.0 
1.6 
IG.  4 
20.5 

Hours 

1.4 

15.8 

.4 

....... 

1.8 
2.0 

18.2 

"""3.2" 

""as" 

Dol- 
lars 
0.21 

Harrow 

2.  37 
.05 

Plant: 

Set  stakes 

Dig  holes...  

do 

do .. 

.  12 
.29 

Set  trees  . 

do 

.42 

Harrow 

Stake  trees 

First  to  tenth 

First-. 

.36 
.40 

Cultivate 

First  to  tenth 

First  and  second 

Third  and  fourth 

Fifth 

Sixth  to  eighth 

Ninth  and  tenth 

Second  to  tenth 

3.64 

Hoe  around  trees 

Prune 

.24 
.,30 
.  17 
.60 
.50 
.50 

Remove  pruned  wood 

Seventh  to  tenth    . 

.48 

Supervision _.  . 

First  to  tenth 

3.28 

Miscellaneous  * 

do 

2.90 

Total 

98.9 

53.0 

16.83 

'  Trees  set  00  feet  by  CO  feet,  or  12  to  the  acre.  Cotton,  usually  planted  for  four  successive  years  and 
altertiated  with  corn  or  some  other  cultivated  crop  for  harvest  the  fifth  year,  interplanted  up  to  and  in- 
cluding the  tree  rows  during  the  entire  development  period. 

2  Charges  for  land  preparation  and  cultivation  prorated  to  pecans  as  follows:  First  year,  5  per  cent; 
second  year,  5  per  cent;  third  year,  7  per  cent;  fourth  year,  9  per  cent;  fifth  year,  11  per  cent;  si.xth  year,  13 
per  cent;  seventh  year,  15  per  cent;  eighth  year,  17  per  cent:  ninth  year,  19  per  cent;  tenth  year,  22  per  cent. 

3  Pecan  trees  cultivated  the  same  as  the  interplanted  crop  for  harvest  on  the  basis  of  six  cultivations  for 
cotton  and  three  for  corn  and  other  cultivated  crops  for  harvest. 

<  Includes  the  application  of  commercial  fertilizer  and  manure,  spraying,  and  replacing  missing  trees. 

Crops  for  harvest  are  usually  not  grown  in  bearing  orchards.  In 
the  fall,  a  winter  cover  crop,  usually  vetch,  is  sowed  by  hand  at  the 
rate  of  20  pounds  to  the  acre.  Harrowing  in  the  seed  with  a  disk 
harrow  also  serves  to  clean  the  ground  for  harvest.  In  the  spring 
commercial  fertilizer  is  applied  on  top  of  the  cover  crop  around  the  trees, 
and  both  crop  and  fertilizer  are  turned  under  with  a  double-cut  disk 
harrow.  Clean  cultivation  is  practiced  during  the  summer.  Little 
spraying  or  dusting  is  done  in  orchards  of  bearing  age.  The  care  of 
an  acre  of  bearing  orchard  in  the  Selma  district  usually  requires  about 
13  hours  of  man  labor  plus  the  necessary  motive  power  to  perform 
the  field  operations.  Tillage  and  the  work  in  connection  with  a 
winter  cover  crop  are  usually  done  with  tractor-drawn  implements. 
The  power  requirements  per  acre  amounted  to  slightly  less  than  4 
tractor  hours  and  about  4.5  horse  hours.  (Table  37.)  The  total 
1928  operating  cost  is  shown  in  Table  38.  Harvesting  costs  in  1928 
varied  from  $1.50  to  $3.50  per  hundred  pounds  of  nuts. 
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Table  36. — Alabama,  Selnia  district:  Cost  per  acre  of  developing  a  pecan  orchard 
for  the  first  10  years,  by  years,  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928 


Item 

First 
year 

Sec- 
ond 
year 

Third 

year 

Fourth 
year 

Fifth 
year 

Sixth 
year 

Sev- 
enth 
year 

Eighth 
year 

Ninth 
year 

Tenth 
year 

Labor  and  power: 

Man  labor ...hours.. 

Horse  labor do 

Labor  and  power: 

Man  labor'.-. 

15.0 
7.0 

Dolls. 
1.74 

.70 

5.0 
2.0 

Dolh. 
0.58 

.20 

6.2 
2.9 

Dolls. 
0.72 

.29 

7.9 
3.5 

Dolls. 
0.92 

.35 

7.8 
3.3 

Dom. 
0.91 

.33 

9.6 
5.2 

Dolls. 
1.12 

.52 

11.3 
6.6 

Dolls. 
1.32 

.66 

11.2 
6.9 

Dolls. 
1.31 

.69 

12.5 
8.1 

Dolls. 

1.46 

.81 

12.4 
7.5 

Dolls. 

1  45 

Horse  work  at  10  cents  per 
hour 

75 

Total 

2.44 

.78 

1.01 

1.27 

1.24 

1.64 

1.98 

2.00 

2.27 

2  20 

Materials: 

Trees  at  $1  each 

12.00 

1.44 
.80 

Stakes  for  young  trees  at 
6  cents  each 

Miscellaneous  ^ 

1.40 

.75 

1.50 

1.20 

1.08 

1.80 

1.80 

2.00 

1  95 

Total 

14.24 

1.40 

.75 

1.50 

1.20 

1.08 

1.80 

1.80 

2.00 

1  95 

Other  costs: 

Taxes  3 

.04 

.26 

2.50 

2.80 

.04 
.08 
.33 

.45 

.05 
.11 
.26 

.42 

.07 
.  13 
.42 

.08 
.12 
.37 

.10 
.20 
.41 

.  11 
.25 
.57 

.  13 
.26 
.57 

.  14 
.30 
.64 

16 

Use  of  machinery  * 

Overhead  <... 

.28 
62 

Total 

.62 

.57 

.71 

.93 

.96 

1.08 

1  06 

Total  cost,  exclusive  of  interest. 
Interest  at  6  per  cent  3 » 

19.48 
.  15 

2.63 

1.28 

2.  18 
1.55 

3.39 
1.81 

3.01 
2.  15 

3.43 
2.51 

4.71 
2.91 

4.76 
3.40 

5.35 
3.94 

5.21 
4.53 

Total  cost    . 

19.63 

3.91 

3.73 

5.20 

5.16 

5.94 

7.62 

S.  16 

9.29 

9  74 

Cost  of  development  at  end  of 
each  year '.. 

44.63 

48.54 

52.27 

57.47 

62.  63 

68.  57 

76.19 

84.35 

93.64 

103  38 

'  Ordinary  labor  charged  at  10  cents  per  hour,  supervision  at  20  cents  per  hour. 

^  Includes  fertilizer,  manure,  replants,  spray  material,  and  other  materials. 

3  Charges  for  taxes  and  interest  prorated  to  pecan  trees  as  follows:  First  year,  5  per  cent;  second  year, 
5  per  cent;  third  year,  7  7>er  cent;  fourth  year,  9  per  cent;  fifth  year,  11  per  cent;  sixth  year,  13  per  cent; 
seventh  year,  15  per  cent;  eighth  year,  17  per  cent;  ninth  year,  19  per  cent;  tenth  year,  22  per  cent. 

'  See  p.  16  for  metho  1  of  computing  machinery,  overhead,  and  interest  charges. 

5  Total  cost  including  interest  plus  initial  value  of  land,  at  $25  an  acre. 


Table  37. — Alabama,  JSelma  district:  Annual  labor  and  power  cost  per  acre  of 
operating  pecan  orchards  15  to  19  years  old  '  up  to  harvest  time,  according  to  a 
common  method,  and  at  cost  rates  prevailing  in  1928  ^ 


Size  of  crew 

Rate  of 

work 

per 

day 

Times 
done 

Man 
labor 

Horse 
work 

Tractor 
work 

Operation 

Men 

Horses 

Trac- 
tors 

Cost 

Prune      .  .  . 

Number 

1 
2 
1 
1 
1 
2 
1 
1 

Number 

Number 

Orchard 
acres 
10 
2.j 
20 
15 
25 
30 
20 
15 

.Vm  mber 

I 
1 
1 
2 

n 

1 
I 
1 

Hours 

1.0 

.8 

2.0 

1.3 

2.4 

.  7 

.5 

.  7 

2.1 

1.2 

1 1 our  s 

Hours 

Dollars 
0.  10 

Remove  pruned  wood 

Ajiply  fertilizer  around  trees. 
Disk  u.uier  winter  cover  cro]). 

Cultivate  (disk  harrow) 

Orchard  sanitation 

2 
2 

2 

1 
1 

0.8 
1.0 

.  7 

""i.':{' 
2.4 

.16 

.;w 

1.7G 

3.21 

.  14 

Sow  winter  cover  croj) 

.05 

Disk  in  cover  crop  seed 

Supervision       

1 

.7 

.14 
.42 

Miscellaneous ' 

1.2 

.24 

Total 

12.7 

4.4 

3.7 

6.55 

'  Trees  sot  60  by  60  feet,  or  12  to  the  acre,  of  which  8  per  cent  were  missing,  85  per  cent  were  in  bearing, 
and  7  per  cent  were  not  in  bearing — mainly  rejilants. 

'  Ordinary  labor  at  10  cents  an  hour,  supervision  at  20  cents,  horse  work  at  10  cents,  and  use  of  tractor  at 
$1.25. 

'  Includes  manuring,  hoeing,  spraying,  and  miscellaneous  operations. 
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Table  38. — Alabama,  Selnia  district:  Annual  cost  per  acre  of  operating  pecan 
orchards  15  to  19  years  old  '  according  to  a  common  method  and  at  cost  rates 
prevailing  in  192S,  and  yield  required  to  cover  costs 


Item 

Quantity 

Cost 

Labor  and  power  urior  to  harvest: 

Man  labor                                         ... 

Hours 
12.7 
4.4 
3.7 

Dollars 
1.48 

Horse  work  .  

.44 

Tractor  work 

4.63 

Total. 

6.55 

Materials: 
Fertilizer,  basic  slag  at  $10  per  ton...  .  . 

Pounds 
275 
20 

1.38 

Winter  cover  crop,  vetch  at  12  cents  per  pound  _. ._. 

2.40 

Miscellaneous  2          _ 

2.27 



Total                          

6.05 

Other  costs: 

Taxes  

.75 

Use  ol  machinery,  not  including  tractor  ^ 

.30 

Overhead  2 _  _  ..-  ._    _.  ...         . 

1.89 

Total          



2.94 

Total  cost,  exclusive  of  interest- -._     

15.54 

Interest  at  6  per  cent ' 

6.48 

Total  cost --  -  - -           .    .  ... 

22.02 

Quantity  of  nuts  at  30  cents  per  pound  <  required  to  cover  cost  including  harvesting: 
Exclusive  of  interest       .  _ 

59 
82 

Inclusive  of  interest .    _-_  _  -.      _      __     

'  Treesset  60by  GOfeet.  or  12  to  the  acre,  of  which  8  per  cent  were  missing,  85  per  cent  were  in  bearing,  and 
7  per  cent  were  not  in  bearing — mainly  replants. 

2  Includes  spray  material,  manure,  and  other  materials. 

3  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 

4  The  1928  average  State  farm  price.    Harvesting  costs  include  picking,  grading,  and  delivery  to  local 
shipping  point  and  are  based  on  pecans  sold  through  a  cooperative  association. 

On  the  orchards  of  15  to  19  years  of  age  in  this  district  from  which 
production  records  were  obtained  by  means  of  personal  visits,  yields 
in  1928  ranged  from  16  pounds  an  acre  for  the  orchard  having  the 
lowest  yield  to  375  pounds  an  acre  for  the  orchard  having  the  highest. 
Approximately  43  per  cent  of  the  orchards  did  not  have  yields  suffi- 
cient to  cover  the  costs  of  operation,  including  interest  charges  and 
harvesting  costs,  computed  on  the  basis  of  the  most  common  practices 
followed  in  the  district.  This  was  in  a  year  when  yields  in  Alabama 
were  relatively  high  compared  with  those  of  other  seasons.     (Table  8.) 

Consideration  of  other  production  data  for  Alabama  reveals  a 
somewhat  comparable  variation  in  yields  obtained  from  pecan  or- 
chards over  the  State.  The  relative  degi^ee  of  success  achieved  by 
orchardists,  from  a  yield  standpoint,  may  be  noted  from  the  distribu- 
tion of  pecan  orchards  on  the  basis  of  the  average  yield  per  tree  in 
1928.  The  86  orchards  of  improved  varieties  15  to  19  years  of  age 
for  which  production  data  are  shown  consisted  mainly  of  Stuart, 
Schley,  Success,  and  Frotscher  varieties,  with  smaller  numbers  of 
trees  of  other  varieties. 
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Number  of 
orchards 


Yield  per  tree, 
in  pounds 

0-4.9 17 

5-9.9 16 

10-14.9 14 


15-19.9. 
20-24.9. 
25-29.9. 
30-34.9. 
35-39.9. 


12 
8 
5 

2 

0 


Yield  per  tree, 
in  pounds 

40-44.9 

45-49.9 

50-54.9 

55-59.9 

60-64.9 

65-69.9 

70  and  over. 


Number  of 
orchards 

4 

0 

0 

1 

1 

1 

5 


An  active  interest  in  the  production  of  pecans  to  supplement  the 
income  from  cotton  has  led  to  a  considerable  expansion  of  plantings 
in  the  Selma  district.  As  in  most  of  the  other  districts  included  in 
this  study,  however,  there  has  been  considerable  misapprehension  in 
the  Selma  district  as  to  the  amount  of  care  and  attention  required  by 
pecan  trees.  As  a  result,  many  of  the  young  orchards  have  been 
neglected  to  some  extent,  v/ith  a  consequent  development  of  some 
orchards  that  are  severely  handicapped  in  their  ability  to  produce 
economic  yields. 

Successful  orchardists  have  recognized  the  necessity  of  planting 
the  trees  only  on  fertile  land  and  maintaining  that  fertility  to  meet 
the  requirements  of  the  growing  trees  and  the  intercrops.  In  con- 
nection with  this,  other  factors,  which  must  be  considered  as  con- 
tributory to  ultimate  success  and  which  are  applicable  to  pecan  or- 
chards in  all  areas,  have  been  pointed  out  in  the  discussions  of  pecan 
production  in  other  districts.  The  most  important  factors  in  this 
district  are  the  choice  of  suitable  varieties  adapted  to  the  area ;  plant- 
ing the  trees  at  distances  that  ^vill  permit  a  good  development  of  the 
orchard,  and  following  the  necessary  orchard  practices  of  cultivation, 
pruning,  and  control  measures  for  insects  and  diseases,  with  a  view 
to  obtaining  the  maximum  production  compatible  with  sound  economy. 


ETJFAULA    DISTRICT 

The  orchards  studied  in  the  Eufaula  district  are  all  in  Barbour 
County.  In  this  district  the  majority  of  the  young  orchards  are 
interplanted  with  field  crops  for  harvest  during  the  entire  develop- 
ment period.  Crops  are  planted  up  to  the  trees  without  allowing 
any  free  space  for  the  independent  cultivation  of  the  trees.  Cotton 
is  usually  alternated  with  corn  or  some  other  crop  for  harvest.  Dur- 
ing the  first  few  years,  stakes  are  used  around  the  trees  to  prevent 
injury  during  cultivation.  Although  crojjs  are  planted  up  to  the 
trees,  because  of  shading  very  little  or  no  production  is  expected 
from  the  area  immediately  around  the  trees.  This  shaded  area  in- 
creases in  size  with  the  age  and  size  of  the  trees. 

The  total  la})or  and  power  cost  for  the  first  10  years  is  shown  in 
Table  39.  In  1928  pecan  orchard  land  was  valued  at  about  $25  an 
acre.  The  cost  of  development  for  10  years,  plus  the  value  of  the 
land  on  which  the  trees  were  set,  is  shown  in  Tal>le  40. 
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Table  39. — Alabama,  Eufaula  district:  Labor  and  'power  costs  per  acre  of  developing 
a  pecan  orchard  during  the  first  10  years,  according  to  a  common  method  '  and  at 
cost  rates  prevailing  in  1928 


Operation 


Plow 

Harrow 

Plant: 

Set  stakes- 
Dig  holes-. 
Set  trees_.. 

Stake  trees 


Apply  fertilizer  around 
trees 


Cultivate- 


Hoe  around  trees. 


Prune 

Remove  pruned  wood. 

Supervision 

Miscellaneous  * 


Total- 


Years  operation  is 
performed 


First  to  tenth, 
----do 


First- 

do 

do 

do 

rFirst 

Second 

Third  and  fourth ___ 

Fifth  and  si.xth 

Seventh 

Eighth  and  ninth-. 

Tenth 

First  to  tenth 

rFirst 

Second 

Third  and  fourth-- 

Fifth 

Sixth  and  seventh-- 

Eighth 

Ninth  and  tenth- -_ 

Second  to  tenth 

Fifth  to  tenth 

First  to  tenth 

---do 


Size  of  crew 


Men 


Horses 


Num- 
ber 
1 
1 

3 
1 
3 
2 
3 
3 
3 
3 
3 
3 
3 


Num- 
ber 
2 
1 


Rate  of 

work 

per 

day 


Orchard 
acres 
1.5 
8 

25 

3 
10 
10 
45 
40 
35 
30 
25 
20 
18 

3 
25 
20 
18 
16 
15 
14 
12 


Times 
done 
each 
year 


Num- 
ber 


(') 


Per- 
centage 
charged 

to 
pecans 


Per  cent 
2  5-22 
25-22 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
25-22 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


Charged  to 
pecans 


Man 
labor 


Hours 
8.2 
1.6 

1.2 

3.3 

3.0 

2.0 

.7 

.8 

1.8 

2.0 

1.2 

3.0 

1.7 

18.0 

.8 

1.0 

2.2 

1.2 

2.7 

1.4 

3.3 

4.9 

2.  1 

16.7 

15.3 


100.1 


Horse 
work 


Hours 

16.4 

1.6 


2.0 

2.0 

.4 

.5 

1.2 

1.4 

.8 

2.0 

1.1 

18.0 


Cost 


4.2 
'i7."6" 


68.6 


Dol- 
lars 
3.08 
.40 

.15 
.41 
.62 
.50 
.14 
.16 
.38 
.42 
.25 
.62 
.35 
4.50 
.10 
.12 
.28 
.15 
.34 
.18 
.41 
.61 
.79 
4.18 
4.04 


23.18 


•  Pecan  trees  set  60  by  60  feet  or  12  to  the  acre.  Cotton  usually  rotated  with  corn  or  some  other  cultivated 
crop  for  harvest,  interplanted  up  to  and  including  the  tree  rows  during  the  entire  development  period. 

2  Charges  for  land  preparation  and  cultivation  prorated  to  pecans  as  follows:  First  year,  5  per  cent; 
second  year,  5  per  cent;  third  year,  7  per  cent;  fourth  year,  9  per  cent;  fifth  year,  11  per  cent;  sLxth  year,  13 
per  cent;  seventh  year,  15  per  cent;  eighth  year,  17  per  cent;  ninth  year,  19  per  cent;  tenth  year,  22  per  cent. 

3  Pecan  trees  cultivated  the  same  as  the  interplanted  crop  for  harvest  on  the  basis  of  six  cultivations  for 
cotton  and  three  for  corn  and  other  cultivated  crops  for  harvest. 

«  Includes  manuring,  spraying,  seeding  cover  crop,  orchard  sanitation,  and  replacing  missing  trees. 

After  the  orchard  has  come  into  commercial  bearing  the  interplant- 
ing  of  field  crops  for  harvest  is  usually  discontinued.  A  winter  cover 
crop,  usually  vetch,  is  sowed  broadcast  by  hand  in  the  fall  at  the 
rate  of  18  pounds  to  the  acre  and  is  worked  in  with  a  disk  harrow. 
The  following  spring,  commercial  fertilizer  is  scattered  over  the 
surface  of  the  cover  crop  around  the  trees  and  is  turned  under  with 
a  disk  plow.  During  the  growing  season  about  six  cultivations  are 
given  the  orchard  wdth  a  disk  harrow. 

The  care  of  an  acre  of  bearing  orchard  in  the  Eufaula  district 
usually  requires  slightly  less  than  1.5  days  of  man  labor  and  the 
necessary  motive  power  for  performing  the  field  operations.  The 
operations  commonly  performed  with  tractor-drawn  implements  are 
plowing,  cultivating,  and  drilling  in  winter  cover-crop  seed.  The 
labor  and  power  cost,  not  including  harvesting  the  crop,  is  shown  in 
Table  41.  The  total  1928  operating  cost  is  shown  in  Table  42. 
Harvesting  costs  in  1928  ranged  from  $1.50  to  $3  per  hundred  pounds 
of  nuts. 
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Table  40. — Alabama,  Eufaula  district:  Cost  per  acre  of  developing  a  pecan  orchard 
for  the  first  10  years,  by  years,  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928 


Item 

First 
year 

Sec- 
ond 
year 

Third 

year 

Fourth 
year 

Fifth 
year 

Sixth 
year 

Sev- 
enth 
year 

Eighth 
year 

Ninth 
year 

Tenth 
year 

Fertilizer pounds. - 

Labor  and  power: 

Man  labor hours.. 

Horse  work do 

Labor  and  power: 

Man  labor  ' . 

24 

15.2 
6.3 

Dolls. 
2.21 

.79 

36 

4.6 
2.5 

Dolls. 
0.68 

.31 

60 

6.1 
3.9 

Dolls. 
0.89 

.49 

60 

5.8 
3.6 

Dolls. 
0.85 

.45 

84 

14.6 
11.2 

Dolls. 
2.  12 

1.40 

84 

8.5 
6.5 

Dolls. 
1.24 

.81 

96 

10.7 
8.3 

Dolls. 
1.56 

1.04 

120 

9.8 
7.4 

Dolls. 
1.42 

.93 

120 

13.0 
9.9 

Dolls. 
1.90 

1.24 

144 

11.8 
9.0 

Dolls. 
1.73 

Horse  work  at  \2]4  cents 
per  hour 

1.12 

Total.-  

3.00 

.99 

1.38 

1.30 

3.52 

2.05 

2.60 

2.35 

3.14 

2.85 

Materials: 

Trops  at  $1  eaeh 

12.00 

1.44 
.34 

.95 

Stakes  for  young  trees  at 

Fertilizer  at  $28  per  ton. . . 
Miscellaneous  - 

.50 
.91 

.84 
.48 

.84 
.41 

1.18 
1.97 

1.18 
1.14 

1.34 

.88 

1.68 
.84 

1.68 
.82 

2.02 
.80 

Total.-  .  

14.73 

1.41 

1.32 

1.25 

3.15 

2.32 

2.22 

2.52 

2.50 

2.82 

Other  costs: 

Taxes  3 

Use  of  machinery  < 

Overhead  *  . .  . 

.04 

.24 

2.66 

.04 
.09 
.36 

.05 
.15 

.40 

.07 
.14 
.38 

.08 

.42 

1.00 

.10 
.24 
.66 

.11 
.31 

.72 

.13 

.28 
.73 

.14 
.37 

.85 

.16 
.34 
.85 

Total  .-     

2.94 

.49 

.60 

.59 

1.50 

1.00 

1.14 

1.14 

1.36 

1.35 

Total   cost,   exclusive   of   in- 

20.67 

2.89 
1.35 

3.30 
1.  65 

3.14 

1.98 

8.17 
2.40 

5.37 
3.01 

5.% 
3.56 

6.01 
4.16 

7.00 
4.82 

7.02 

Interest  at  6  per  cent '  * 

.15 

5.57 

Total  cost                   . .  . 

20.82 

4.24 

4.95 

5.12 

10.57 

8.38 

9.52 

10.17 

11.82 

12.59 

Cost  of  development  at  end  of 
cacli  Year  ^        . 

45.82 

50.06 

55.01 

60.13 

70.70 

79.08 

88.60 

98.77 

110.  59 

123.18 

1  Ordinary  labor  charged  at  12J2  cents  per  hour,  supervision  at  25  cents  per  hour. 

2  Includes  manure,  spray  material,  cover-crop  seed,  replants,  and  other  materials. 

3  Charges  for  taxes  and  interest  prorated  to  pecan  trees  as  follows:  First  year,  5  per  cent;  second  year,  5 
per  cent;  third  year,  7  per  cent;  fourth  year,  9  per  cent;  fifth  year,  11  per  cent;  sixth  year,  13  per  cent;  seventh 
year,  15  per  cent;  eighth  year,  17  per  cent;  ninth  year,  19  per  cent;  tenth  year,  22  per  cent. 

*  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 

•  Total  cost  including  interest  plus  initial  value  of  land,  at  $25  per  acre. 

Table  41. — Alabama,  Eufaula  district:  Annual  labor  and  power  cost  per  acre  of 
operating  pecan  orchards  15  to  19  years  old  '  up  to  harvest  time,  according  to  a 
common  method,  and  at  cost  rates  prevailing  in  1928  - 


Operation 

Size  of  crew 

Rate  of 

work 

per 

day 

Times 
done 

Man 
labor 

Horse 
work 

Tractor 
work 

Cost 

Men 

Horses 

Tractors 

Number 

1 
2 

2 

1 
1 

1 
1 

Number 

Number 

Orchard 
acres 
10 
25 
10 
5 
25 
18 
25 

Number 
1 

1 
1 
1 
6 

1 
1 

Hours 

1.0 

.8 

2.0 

2.0 

2.4 

.6 

.4 

2.4 

2.8 

Hours 

Hours 

Dollars 
0.  12 

Remove  pruned  wood 

.\pply  fertilizer  around  trees. 

Plow  cover  crop  under . 

Cultivate  (disk  narrow) 

Seed  winter  cover  crop 

Disk  in  cover  crop  seed. 

2 

2 

i' 

1 

6.8 
2.0 

"'"2.0" 
2.4 

.20 

.50 

2.75 

3.30 

.08 

1 

.4 

.55 
.60 

Miscellaneous  ' 

2.0 

.60 

Total 

14.4 

4.8 

4.8 

8.70 

'  Trees  set  60  by  60  feet,  or  12  to  the  acre,  of  which  5  per  cent  were  missing,  93  iier  cent  were  in  bearing, 
and  2  per  cent  were  not  in  bearing — niaiidy  replants. 

'  f)rdinary  labor  at  12!.i  cents  an  hour,  supervision  at  25  cents,  horse  work  at  125'i  cents,  iind  tractor  at 
$1.25. 

'  Includes  mauuring,  hoeing,  spraying,  orchard  sanitation,  and  miscellaneous  operations. 
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Table  42. — Alabarna,  Eufaula  district:  Annual  cost  per  acre  of  operating  pecan 
orchards  15  to  19  years  old  '  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928,  and  yield  required  to  cover  costs 


Item 

Quantity 

Cost 

Labor  and  power  prior  to  harvest: 

Man  labor 

Hours 
14.4 
4.8 
4.8 

Dollars 
2.10 

Horse  work                      .      .    .... 

.60 

Tractor  work 

6.00 

Total       .             

8.70 

Materials: 

Fertilizer  at  $28  per  ton ... 

Pounds 

285 

18 

3.99 

Winter  cover  crop,  vetch  at  12  cents  per  pound 

2.16 

Miscellaneous  ^ 

1.35 

Total                                       .  . 

7.50 

Other  costs: 

Taxes... . 

.75 

Use  of  machinery,  not  including  tractor '. .  _  .  .      . 

.  18 

Overhead  ' _      .  .  

2.43 

Total 

3.36 

Total  cost,  exclusive  of  interest .... 

19.56 

Interest  at  6  per  cent  3 

7.44 

Total  cost,  including  interest  .. 

27.00 

Quantity  of  nuts  at  30  cents  per  pound  *  required  to  cover  cost  including  harvesting: 
Exclusive  of  interest 

74 
100 

Inclusive  of  interest .. 

'  Trees  set  60  by  60  feet,  or  12  to  the  acre,  of  which  5  per  cent  were  missing,  93  per  cent  were  bearing,  and 
2  per  cent  were  replants  and  not  in  bearing. 

2  Includes  manure,  spray  material,  paint,  and  other  materials. 

5  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 

*The  1928  State  average  farm  price.  Harvesting  costs  include  picking,  grading,  delivery  to  local  ship- 
ping point,  and  are  based  on  pecans  sold  through  a  cooperative  association. 

Conditions  affecting  pecan  yields  in  the  Eufaula  district  are 
similar  to  those  outlined  in  the  discussion  of  the  Selina  district,  with 
a  comparable  degree  of  variation  in  yields  obtained  from  different 
orchards  in  1928.  Yields  reported  for  orchards  10  to  19  years  of 
age  ranged  from  14  to  300  pounds  an  acre..  One-half  of  these  orchards 
from  which  production  records  were  obtained  by  personal  visits  did 
not  have  yields  sufRcient  to  cover  costs,  including  interest  charges 
and  harvesting  costs,  computed  on  the  basis  of  the  common  method 
of  operating  pecan  orchards  in  the  district.  As  in  the  Selma  district, 
and  for  the  State  of  Alabama  as  a  whole  (Table  8),  the  1928  yields 
in  the  Eufaula  district  were  relatively  favorable  compared  with 
those  of  other  seasons. 

Cotton  has  long  been,  and  still  is,  the  chief  cash  crop  in  the  district 
centering  around  Eufaula.  With  decreased  cotton  yields,  caused  by 
the  advent  of  the  boll  weevil  and  in  some  cases  by  the  depletion  of 
soil  fertility,  considerable  attention  is  being  given  to  pecan  planting 
with  a  view  to  supplementing  the  income  from  cotton,  or  in  some  cases 
as  a  major  commercial  enterprise  intended  to  furnish  all  or  a  large 
part  of  the  farm  income  in  the  future. 

Here,  as  in  the  other  districts,  it  is  well  to  remember  that  conditions 
that  handicap  one  crop  may  also  militate  against  any  new  crop 
introduced.  It  is  fully  realized  by  most  farmers  that  pecan  trees, 
like  cotton,  are  affected  by  diseases,  insect  pests,  and  adverse  weather 
conditions,  but  many  persons  fail  to  realize  that  soil  fertility  is  just 
as  important  for  growing  successful  pecan  orchards  as  for  the  success- 
ful  production   of  cotton  or  other  crops.     The  location  of  some 
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orchards  in  this  district,  as  well  as  in  other  districts,  without  giving 
due  consideration  to  soils,  has  resulted  in  the  development  of  trees 
that  are  now  severe!}^  handicapped  in  their  ability  to  produce  eco- 
nomic jaelds.  The  leadership  of  the  more  successful  orchardists  in 
the  area  may  well  be  followed  in  adopting  practices  which,  in  con- 
junction with  proper  location,  wil)  be  more  likely  to  result  in  profitable 
yields.  These  practices  may  have  to  be  modified  to  meet  conditions 
existing  in  different  orchards.  The  profitable  yields  obtained  in  the 
better  managed  orchards  in  the  district  are  proof  of  the  possibilities 
of  a  well-planned  system  to  meet  the  requirements  of  pecan  trees. 

MISSISSIPPI 

GULF    COAST    DISTRICT 

The  orchards  studied  in  the  Gulf  coast  district  of  Mississippi  are 
about  equally  divided  between  Harrison  and  Jackson  Counties. 
This  district  is  the  only  one  studied  in  which  interplanted  crops  for 
harvest  are  not  commonly  grown  in  young  orchards.  Truck  crops 
and  filler  crops  of  Satsuma  oranges  are  interplanted  in  only  a  few 
orchards.  Because  of  other  competing  industries  and,  in  part,  the 
close  proximity  of  the  Gulf  coast  resort  section,  wages  for  man  labor 
are  relatively  high.  These  two  factors  (no  interplanted  crop  for 
harvest  and  high  wages)  cause  a  relatively  high  total  cost  of  develop- 
ing orchards  into  bearing  in  this  district.  The  entire  orchard  is 
usually  plowed  in  the  spring;  fertilizer  is  scattered  around  the  trees 
and  disked  in  ^vith  the  first  cultivation.  Only  tree  rows  are  cultivated. 
The  centers  are  allowed  to  grow  weeds  which  are  turned  under  with 
the  spring  plowing.  The  tree  rows  are  cultivated  about  four  times 
during  the  summer.  Spraying  and  the  use  of  cover  crops  are  not 
common. 

Table  43. — Mississippi,  Gulf  coast:  Labor  and  power  costs  per  acre  of  developing  a 
pecan  orchard  during  the  first  10  years,  according  to  a  common  method  '  and  at 
cost  rates  prevailing  in  1928 


Years  operation  is 
performed 

Size  of  crew 

Rate  of 

work 

per 

day 

Times 
done 
each 
year 

Man 
labor 

Horse 
work 

Tractor 
work 

Operation 

Men 

Horses 

Trac- 
tors 

Cost 

f  First 

Num- 
ber 
1 
1 
1 

3 
2 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 

Num- 
ber 
2 

Num- 
ber 

i" 

1 

Orchard 
acres 
1.5 
4 

I.'; 

25 
7 
14 
50 
40 
32 
28 
24 
22 
20 
18 
16 

40 

Num- 
ber 

4 

Hours 

6.7 

22.5 

.7 

1.2 
2.9 
3.6 
1.2 
.8 
.9 
1.1 
1.2 
1.4 
1.5 
1.7 
1.9 

10.0 

8.5 
3.1 

19.5 
27.5 

Hours 
13.4 

Hours 

"22."  5' 
.7 

Dol- 
lars 
3  52 

\Second  to  tenth. __ 
First 

Harrow  (disk) . . 

33.19 
1  03 

Plant: 

Set  stakes 

do 

do 

do 

.27 

Dig  holes 

.65 

Set  trees 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 

1.4 

.8 

.5 

.6 

.7 

.8 

.9 

1.0 

1.1 

1.2 

10.0 

1  02 

First  and  second. . 
Third 

.39 
.25 

Fourth 

.29 

Apply      fertilizer 
around  trees. 

Fifth 

.35 

Si.xth 

Seventh  ..  

.39 
.45 

Kiphth    ... 

.49 

Ninth 

.55 

Tenth  .. 

.61 

Cultivatetrcerow.s 

(disk  harrow). 
Prune 

First  to  tenth 

Second  to  tenth... 

14.75 
1.91 

Keniove     pruned 

Fifth  to  tenth 

6.2 

1.63 

wood. 

Supervision 

Miscellaneous  ' 

First  to  tenth 

8.78 

.  ..do... 

1 

25.9 

10.07 

Total 

117.9 

54.5 

33.2 

80.59 

'  Tree;;  srt  m  by  60  feet,  or  12  to  the  acre.    No  interplanted  crop  for  harvest  during  the  development 
period. 
'  Includes  si)raylai;,  seeding  cover  crop,  orchard  sanitation,  and  rei)lacing  missing  trees. 
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The  fact  that  row  crops  are  not  generally  grown  in  pecan  orchards 
in  this  district  accounts  in  a  large  measure  for  the  use  of  tractor- 
drawn  equipment  for  plowing,  harrowing,  and  cultivating  the 
orchards.  At  rates  prevailing  in  1928  the  total  labor  and  power  cost 
for  the  first  10  years  was  about  $80  an  acre.     (Table  43.) 

During  the  first  year  of  development  the  cost  of  labor  and  power, 
trees,  conmiercial  fertilizer,  spray,  cover-crop  seed,  taxes,  interest, 
and  other  items  chargeable  to  the  trees,  plus  the  value  of  the  land 
on  which  the  trees  were  set,  amounted  to  approximately  $84  an  acre. 
At  the  end  of  the  tenth  year  the  total  cost,  including  interest  com- 
pounded annually,  plus  the  value  of  the  land  at  $50  an  acre,  amounted 
to  about  $312  an  acre.     (Table  44.) 

Table  44. — Mississippi,  Gulf  coast:  Cost  per  acre  of  developing  a  pecan  orchard 
for  the  first  10  years,  by  years,  according  to  a  common  method  and  at  cost  rates 
prevailing   in    1928 


Item 

First 
year 

Sec- 
ond 
year 

Third 
year 

Fourth 
year 

Fifth 
year 

Sixth 
year 

Sev- 
enth 
year 

Eighth 
year 

Ninth 
year 

Tenth 
year 

Fertilizer. pounds.  _ 

Labor  and  power; 

Man  labor hours.. 

Horse  work do.. 

Tractor  work do. . 

Labor  and  power: 

Man  labor  1 

24 

24.1 

19.9 

1.7 

Dolls. 
6.32 

2.99 

2.12 

24 

8.6 
1.6 
3.5 

Dolls. 
2.25 

.24 

4.37 

36 

9.2 
1.6 
3.5 

Dolls. 
2.41 

.24 

4.37 

60 

8.2 
2.1 
3.5 

Dolls. 
2.16 

.32 

4.37 

84 

10.4 
4.4 
3.5 

Dolls. 
2.72 

.66 

4.37 

108 

n.8 

5.8 
3.5 

Dolls. 
3.11 

.87 

4.37 

132 

12.1 
6.2 
3.5 

Dolls. 
3.17 

.93 

4.37 

156 

11.9 
5.0 
3.5 

Dolls. 
3.13 

.75 

4.37 

180 

11.5 
4.5 
3.5 

Dolls. 
3.02 

.68 

4.37 

204 

10.1 
3.4 
3.5 

Dolts. 
2.66 

Horse  work  at  15  cents  per 
hour          -    

.51 

Tractor  work  at  $1.25  per 
hour 

4.37 

Total                      

11.43 

6.8G 

7.02 

6.85 

7.75 

8.35 

8.47 

8.25 

8.07 

7.54 

Materials: 

Trees  at  $1  each             

12.00 

.44 

1.54 

Fertilizer  at  $37  per  ton.  _ 
Miscellaneous  2 

.44 
1.37 

.67 
.31 

Lll 
1.32 

L55 
L79 

2.00 
L65 

2.44 
2.01 

4.45 

2.89 
3.49 

3.33 
2.91 

3.77 
2.78 

Total 

13  98 

1.81 

.98 

2.43 

3.34 

3.65 

6.38 

6.24 

6.55 

other  costs: 

Taxes  

1.00 

.  77 
3.81 

1.00 

.10 

1.30 

1.00 

.14 

1.20 

LOO 

.18 

1.39 

1.00 

.65 

1.66 

1.00 

.96 

1.80 

1.00 
1.21 
1.94 

1.00 

.71 

2.19 

1.00 

.88 
2.15 

LOO 

Use  of  machinery  ^ 

Overhead'    

.32 
2.11 

Total                 

5.58 

2.40 

2.34 

2.57 

3.31 

3.76 

4.15 

3.90 

4.03 

3.43 

Total  cost,  exclusive  of  interest. 
Interest  at  6  per  cent  ^ 

30.99 
3.24 

11.07 
5.09 

10.34 
6.07 

11.85 
7.08 

14.40 
8.41 

15.76 
9.91 

17.07 
11.58 

18.53 
13.06 

18.34 
15.04 

17.52 
16.79 

Total  cost 

34  23 

10.10 

16.41 

18.93 

22.81 

25.67 

28.63 

31.59 

33.38 

34.31 

Cost  of  development  at  end  of 
each  vear  < 

84.23 

100.39 

116.80 

135.  73 

158.  54 

184.  21 

212.  84 

244.  43 

277. 81 

312.  12 

1  Ordinary  labor  charged  at  2'2H  cents  an  hour  and  supervision  at  45  cents  an  hour. 
'  Includes  spray  material,  cover-crop  seed,  trees  for  replanting,  and  other  materials. 
'  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 
*  Total  cost  including  interest  plus  initial  value  of  land,  at  $50  per  acre. 

As  previously  stated,  the  general  practice  of  not  growing  inter- 
planted  crops  for  harvest  during  the  development  of  the  young 
orchard  is  a  large  factor  in  causing  the  relatively  high  cost  per  acre  of 
developing  young  orchards  in  this  district  compared  with  costs  in 
other  districts.  A  large  number  of  the  orchards  are  owned  by  persons 
who  derive  the  main  portion  of  their  incomes  from  other  sources, 
and  who  can  not  always  devote  the  time  and  attention,  or  the  super- 
vision, that  would  be  requii-ed  by  the  interplanted  crops,  mainly 
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truck  crops,  which  are  adapted  to  the  district.  Cotton,  which  would 
require  less  attention,  is  not  favored  by  the  soil  and  cUmatic  condi- 
tions near  the  Gulf  coast.  Many  of  the  orchards  are  owned  by 
absentee  landlords  and  are  operated  by  caretakers  for  a  fee.  These 
orchards  are  not  usually  interplanted  to  commercial  crops. 

In  general,  the  cultural  system  commonly  followed  for  bearing  or- 
chards is  much  the  same  as  for  the  development  of  young  orchards. 
The  entire  tract  is  plowed  in  spiing.  Usually,  about  three  cultivations 
with  a  disk  harrow  are  given  during  the  summer.  The  use  of  cover 
crops  or  spray  is  not  common.  Rather  heavy  applications  of  com- 
mercial fertilizer  are  made,  usually  following  the  spring  plowing  and 
just  preceding  the  first  disking. 

The  care  of  an  acre  of  bearing  orchard  in  the  Gulf  coast  district 
usually  requires  slightly  more  than  2.5  days  of  man  labor  and  the 
necessary  motive  power  to  perform  the  field  operations.  Tractor- 
drawn  implements  are  commonl}^  used  for  plowing  and  cultivating. 
The  labor  and  power  cost,  not  including  harvesting  the  crop,  was  $14.40 
an  acre.  (Table  45.)  The  total  1928  operating  cost,  exclusive  of 
harvesting  costs,  is  showm  in  Table  46.  Harvest  costs  in  1928  varied 
from  $1.50  to  $3.75  per  hundred  pounds  of  nuts. 

Table  45. — Mississippi,  Gulf  coast:  Annual  labor  and  power  cost  per  acre  of 
operating  pecan  orchards  15  to  19  years  old  ^  up  to  harvest  time,  according  to  a 
common  method,  and  at  cost  rates  prevailing  in  1928  ^ 


.Size  of  crew 

Rate 
of 

work 
per 
day 

Times 
done 

Man 
labor 

Horse 
work 

Tractor 
work 

Operation 

Men 

Horses 

Trac- 
tors 

Cost 

Prune                -            

Num- 
ber 

2 

1 

Num- 
ber 

Num- 
ber 

Orchard 

acres 

1.5 

10 

4 

14 

15 

Num- 
ber 
1 
1 
1 
1 
3 

Hours 
6.7 
2.0 
2.5 
2.1 
2.0 
4.4 
6.6 

Hours 

Hours 

Dol- 
lars 
1.51 

Remove  pruned  wood 

Plow     

2 
2' 

r 

i' 

2.0 
........ 

""2'h' 
----- 

.75 
3.69 

Apply  fertilizer  around  trees. 

Cultivate  (disk  harrow) 

Supervision           

.68 
2.95 
1.98 

Miscellaneous ' 

3.2 

.7 

2.84 



Total      -        -      

26.3 

6.6 

5.2 

14.40 

'  Trees  set  60  by  60  feet,  or  12  to  the  acre,  of  which  5  per  cent  were  missing,  88  per  cent  were  in  bearing, 
and  7  per  cent  not  in  bearing— mainly  replants. 

2  Ordinary  labor  at  22!.2  cents,  supervision  at  45  cents,  horse  work  at  15  cents,  and  use  of  tractor  $1.25. 

'  Includes  applying  manure,  harrowing,  mowing  weeds,  hoeing,  seeding  cover  crop,  spraying,  and  mis- 
cellaneous operations. 
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Table  46. — Mississippi,  Gulf  coast:  Annual  cost  per  acre  of  operating  pecan 
orchards  15  to  19  years  old,^  according  to  a  common  method  and  at  cost  rates  prevail- 
ing in  1928,  and  yield  required  to  cover  costs 


Item 


Labor  and  power  prior  to  harvest: 

Man  labor 

Horse  work 

Tractor  work 


Total - 


Materials: 

Fertilizer  at  $37  per  ton. 
Miscellaneous  ' 


Total. 


Other  costs: 

Taxes 

Use  of  machinery,  not  including  tractor  '. 
Overhead  ' 


TotaL 


Total  cost,  exclusive  of  interest. 
Interest  at  6  per  cent ' 


Total  cost- 


Quantity  of  nuts  at  30  cents  per  pound  <  required  to  cover  cost  including  harvesting. 

Exclusive  of  interest 

Inclusive  of  interest 


Quantity 


Hours 
26.3 
6.C 

5.2 


Pounds 
400 


118 
186 


Cost 


Dollars 
6.91 
.99 
6.50 


14.40 


7.40 
4.00 


11.40 


1.00 
1.08 
3.87 


5.95 


31.75 
19.18 


60.93 


•  Trees  set  60  by  60  feet,  or  12  to  the  acre,  of  which  5  per  cent  were  missing,  88  per  cent  were  in  bearing, 
and  7  jier  cent  not  in  bearing— mainly  replants. 

2  Includes  spray,  manure,  cover-crop  seed,  and  other  materials. 

3  See  p.  16  for  method  of  computing  machinery,  overhead,  and  interest  chargss. 

<  The  1928  State  average  farm  price.    Harvesting  costs  include  picking,  grading,  and  delivery  to  local 
shipping  point  and  are  based  on  pecans  sold  to  buyers  by  express. 

Pecan  yields  obtained  in  Mississippi  in  1928  were  considerably 
above  the  average  for  other  years,  as  indicated  by  the  November  1 
crop-condition  reports  obtained  for  a  period  of  years.  (Table  8.) 
However,  the  information  obtained  by  means  of  personal  visits  and 
by  questionnaires  indicates  a  wide  range  in  yields  from  different 
orchards  in  the  Mississippi  Gulf-coast  district.  Yield  inforniation 
for  1928  was  obtained  from  43  orchards  15  to  19  years  of  age,  includ- 
ing 16,037  trees.  The  range  in  yields  from  these  orchards  is  shown 
in  the  distribution  of  the  orchards  classified  according  to  the  average 
yield  secured  per  tree. 


Yield  per  tree  Number  of 

in  pounds  orchards 

0.5-4.49 12 


4.5-8.49_-. 
8.5-12.49.. 
12.5-16.49- 
16.5-20.49- 
20.5-24.49- 
24.5-28.49- 
28.5-32.49- 


6 
3 
2 
2 
0 
3 
1 


Yield  per  tree 
in  pounds 

32.5-36.49- 
36.5-40.49_ 
40.5-44.49- 
44.5-48.49- 
48.5-52.49- 
52.5-56.49- 
56.5-60.49- 


Number  of 
orchards 

4 

2 

3 

1 

0 

2 

2 


Approximately  28  per  cent  of  the  orchards  yielded  less  than  4.5 
pounds  of  pecans  a  tree  and  42  per  cent  yielded  less  than  8.5  pounds 
of  pecans  a  tree.     On  the  basis  of  12  trees  to  the  acre,  of  which  10.6 
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are  in  bearing,  approximately  56  per  cent  of  the  pecan  orchards 
15  to  19  years  of  age  did  not  have  yields  sufficient  to  pay  costs  in 
1928,  including  harvest  costs  and  interest  charges,  based  on  the 
common  method  of  operating  bearing  orchards  in  the  district.  With 
costs  computed  on  the  same  basis,  but  not  including  interest  as  a 
charge,  approximately  48  per  cent  of  the  orchards  did  not  have  yields 
sufficient  to  pay  costs.  On  the  other  hand,  comparatively  high  yields 
were  reported  from  some  of  the  orchards,  as  indicated  in  the  upper 
ranges  of  the  yield  distribution  shown. 

The  most  common  reasons  given  for  the  low  yields  obtained  on  some 
of  the  orcliards  were  the  use  of  varieties  unsuited  to  the  district;  lack 
of  soil  fertility;  poor  drainage;  uncontrolled  insect  pests  and  fungus 
diseases;  trees  planted  too  close;  and  neglect  of  the  orchard  during 
the  development  period.  Although  these  and  other  factors  discussed 
for  the  other  districts  must  be  given  due  consideration,  differences  in 
orchard  sites  with  respect  to  soil  fertility  and  surface  features  are  one 
of  the  most  important  factors  contributing  to  the  wide  range  in 
pecan  yields  in  this  district.  The  soils  vary  widely  in  their  ability  to 
produce  profitable  pecan  crops.  The  flat,  poorly  drained  gray  soils 
are  of  low  agricultural  value.  In  other  sections  of  the  district,  the  red, 
waxy  clay  subsoil,  often  nearly  impervious,  is  too  close  to  the  surface 
to  permit  easy  cultivation.  The  most  successful  orchards  in  the 
district  are  on  well-drained  sandy-loam  soils  having  subsoils  of  friable 
yellow  or  reddish  sandy  or  fine  sandy  clays. 

LOUISIANA 

SHREVEPORT    DISTRICT 

The  orchards  studied  in  the  Shreveport  district  of  Louisiana  are  in 
Caddo,  Bossier,  and  Natctiitoches  Parishes,  the  majority  being  in  the 
first  two  parishes.  Development  of  pecan  orchards  in  this  district  is 
usually  in  conjunction  with  the  production  of  field  crops  for  harvest. 
The  usual  practice  is  to  interplant  field  crops  between  the  trees  up  to 
and  including  the  tree  rows.  Although  corn,  hay,  and  vegetables  are 
sometimes  used,  cotton  is  the  usual  crop.  Cotton  is  commonly  inter- 
planted  for  four  successive  years,  alternating  with  some  other  crop 
the  fifth  year.  The  interplanted  crop  is  given  the  usual  cultivation 
just  as  if  the  pecan  trees  were  not  present.  The  cultivation  given  the 
pecan  trees,  then,  is  incidental  to  that  given  the  interplanted  crop. 
The  general  practice  of  interplanting  row  crops,  grown  by  share 
labor  in  orchards  during  the  development  stage  as  well  as  in  bearing 
orchards,  is  a  large  factor  in  the  choice  of  horses  or  mules  as  the 
common  source  of  motive  power  for  orchard  work  in  this  district. 

To  protect  tlie  young  trees  from  injury  while  cultivating  the  inter- 
planted crops,  two  stakes  are  set,  one  on  each  side  of  the  young  trees. 
These  staJces  are  left  for  four  or  five  years,  or  until  the  young  trees 
are  not  so  susceptible  to  injury.  Some  growers  use  screening  or 
burlap  wrapping  around  the  lower  part  of  the  tree  trunks  to  prevent 
rabbits  from  injuring  and  possibly  killing  the  young  trees  by  girdling 
tliem,  1)11 1  this  practice  is  not  common. 

The  proportionate  share  of  the  joint  costs  chargeable  to  pecans  for 
each  year  of  the  development  period  is  shown  in  the  footnotes  to 
Tables  47  and  48.  The  total  labor  and  power  cost  for  the  first  10 
years  is  shown  in  Table  47,  and  the  total  cost,  exclusive  of  the  cost  or 
value  of  the  land  and  the  interest  thereon,  in  Table  48. 
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Table  47. — Louisiana,  Shreveport  district:  Labor  and  power  costs  per  acre  of 
developing  a  pecan  orchard  during  the  first  10  years,  according  to  a  common  method  ' 
and  at  cost  rates  prevailing  in  1928 


Years  operation  is 
performed 

Size  of  crew 

Rate  of 

work 

per 

day 

Times 
done 
each 
year 

Percent- 
age 
charged 

to 
pecans 

Charged  to 
pecans 

Operation 

Men 

Horses 

Man 
labor 

Horse 
work 

Cost 

Plow 

First  to  tenth 

do 

Num- 
ber 
1 
1 

3 

1 

t 

2 

1 
1 

1 
1 
1 

1 
1 
1 

Num- 
ber 
2 

1 

2 
2 

1 

Orchard 

acres 
1.5 

30 

3.5 
24 

8 

3.5 
20 
IS 
18 
17 
16 
16 
15 

Num- 
ber 
1 
2 

1 
1 
1 
1 

4 
2 

4 
4 
4 
2 
4 

Per  cent 

2  5-18 
2  5-18 

100 
100 
100 
100 
2  5-18 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

Hours 
6.8 
2.9 

1.0 
2.9 
2.9 
2.5 
15.8 
4.0 
1.1 
2.2 
4.8 
2.5 
1.2 
5.4 
5.8 
2.8 
18.3 
27.2 

Hours 

13.  G 

2.9 

2.5 
15.8 

'"7.6' 

Dolls. 
2  38 

Harrow     . 

73 

Plant: 

Set  stakes.  . 

First 

15 

Dig  holes 

Set  trees.  

do 

do    

.44 
52 

Stake  trees 

do 

62 

Cultivate 

First  to  tenth 

f  First  and  second 

Third _ 

3  95 

.60 
16 

Fourth              .  . 

33 

Hoe  around  trees 

Fifth  and  sixth 

Seventh  

.72 
38 

Eighth 

18 

Prune .. 

Ninth  and  tenth 

Second  to  tenth 

.81 

87 

Remove  pruned  wood . 

Fifth  to  tenth 

.98 

Supervision       

First  to  tenth _ 

5  49 

Miscellaneous  * 

do..    

4  78 

Total  -. 

110.1 

48.2 

24  09 

' 

'  Trees  set  66  by  60  feet,  or  10  to  the  acre.  Cotton  usually  rotated  with  corn  or  some  other  cultivated 
crop  for  harvest,  interplanted  up  to  and  including  the  tree  rows  during  the  entire  development  period. 

2  Charges  for  land  preparation  and  cultivation  charged  to  pecans  as  follows:  First  year,  5  per  cent;  second 
year,  5  per  cent;  third  year,  6  per  cent;  fourth  year,  7  per  cent;  fifth  year,  9  per  cent;  sixth  year,  10  per  cent; 
seventh  year,  12  per  cent;  eighth  year,  14  per  cent;  ninth  year,  16  per  cent;  tenth  year,  18  per  cent. 

3  Pecan  trees  cultivated  the  same  as  the  interplanted  crops  for  harvest  on  the  basis  of  six  cultivations  for 
cotton  and  three  for  corn  and  other  cultivated  crops  for  harvest. 

*  Includes  fertilizing,  spraying,  seeding  cover  crop,  orchard  sanitation,  and  replacing  missing  trees. 

Table  48. — Louisiana,  Shreveport  district:  Cost  per  acre  of  developing  a  pecan 
orchard  for  the  first  10  years,  by  years,  at  cost  rates  prevailing  in  1928 


Item 

First 
year 

Sec- 
ond 
year 

Third 
year 

Fourth 
year 

Fifth 
year 

Sixth 
year 

Sev- 
enth 
year 

Eighth 
year 

Ninth 
year 

Tenth 
year 

Labor  and  power: 

Man  labor hours.. 

Horse  work do 

Labor  and  power: 

Man  labor  1 _  _     _  _. 

18.8 
5.4 

Dolls. 
3.28 

.54 

7.2 
2.1 

Dolls. 
1.26 

.21 

6.8 
2.5 

Dolls. 

1.18 

.25 

8.0 
3.4 

Dolls. 
1.40 

.34 

9.4 
3.8 

Dolls. 

1.G5 

.38 

10.4 
4.2 

Dolls. 
1.82 

.42 

11.8 
5.8 

Dolls. 
2.07 

.,58 

9.8 
5.4 

Dolts. 

1.71 

..54 

13.6 
7.4 

Dolls. 
2.39 

.74 

14.3 

8.2 

Dolls. 
2.51 

Horse  work,  at  10  cents  per 
hour 

82 

Total -. 

3.82 

1.47 

1.43 

1.74 

2.03 

2.24 

2.  65 

2.25 

3.13 

3  33 

Materials: 

Trees,  at  $1.10  each 

11.00 

1.20 
1.10 

Stakes  for  young  trees,  at 
6  cents  each 

Miscellaneous  2 ._. 

1.07 

.27 

1.61 

.29 

1.12 

2.  16 

.40 

.44 

1.24 

Total     . 

13.30 

1.07 

.  97 

1.61 

.29 

1.12 

2.16 

.40 

.44 

1  24 

Other  costs: 
Taxes  ^ 

.08 

.20 

2.57 

.08 
.08 
.38 

.09 
.09 
.26 

.10 
.13 

.50 

.14 

.  14 
.35 

.15 
.16 
.50 

.18 
.22 
.72 

.21 

.20 
.40 

.24 

.28 
.54 

27 

Use  of  machinery  « 

Overhead  < 

.31 

.69 

Total 

2.85 

.54 

.44 

.73 

.63 

.81 

1.  12 

.81 

1.06 

1.27 

Total  cost,  exclusive  of  interest- 
Interest  at  6  per  cent  ^  * 

19.97 
.51 

3.08 
1.70 

2.14 
2.08 

4.08 
2.44 

2.95 
3.01 

4.  17 
3.47 

.5.93 
4.12 

3.46 
4.90 

4.63 
5.60 

5.84 
6.41 

Total  cost 

20.48 

4.78 

4.22 

6.  52 

5.96 

7.64 

10.  05 

8.36 

10.23 

12.25 

Cumulative  cost  = 

20.48 

25.  26 

29.48 

■sa.  00 

41.96 

49.60 

59.  65 

68.01 

78.24 

90.  49 

1  Ordinary  labor  charge!  at  15  cents  an  hour,  supervision  at  30  cents  an  hour. 

2  Includes  fertilizer,  cover-crop  seed,  spray  material,  trees  for  replanting,  and  other  materials. 

3  Charges  for  taxes  and  interest  prorated  to  pecan  trees  as  follows:  First  year,  5  per  cent;  second  year,  5 
per  cent;  third  year,  6  per  cent;  fourth  year,  7  per  cent;  fifth  year,  9  per  cent;  sixtli  year,  10  per  cent;  seventh 
year,  12  per  cent;  eighth  year,  14  per  cent;  ninth  year,  16  per  cent;  tenth  year,  18  per  cent. 

*  See  p. 16  for  method  of  computing  machinery,  overhead,  and  interest  charges. 
'  Does  not  in  this  case  include  any  sum  for  initial  value  of  land. 
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At  the  end  of  the  first  j^ear  of  the  development  period  the  cost  of 
labor  and  power,  trees,  commercial  fertilizers,  cover-crop  seed,  spray, 
and  other  items  chargeable  to  the  trees  was  about  $20  an  acre.  At 
the  end  of  the  tenth  year  the  "cmnulative  cost,"  including  interest 
compounded  annually,  amoimted  to  approximately  $90  an  acre. 
(Table  48.)  Land  values  in  this  district  are  higher  than  in  the  other 
districts  studied.  The  rich  alluvial  soil  produces  especially  good 
yields  of  cotton  not  only  during  the  development  stage  of  the  orchard 
but  also  in  orchards  of  bearing  age.  Such  land  as  is  usually  used  for 
pecan  orchards  is  commonly  valued  at  $150  an  acre. 

Field  crops  are  usually  interplanted  in  bearing  orchards.  A  few 
growers  leave  tree-row  spaces  wliich  are  cultivated  independently  of 
the  mtercrops.  The  most  common  method,  however,  is  to  interplant 
crops  up  to  the  trees  in  orchards  15  to  19  years  of  age.  The  trees 
receive  the  same  cultivation  that  is  given  the  intercrops.  The 
S3"stem  is  the  same  as  that  used  in  young  orchards.  Bearing  trees, 
however,  require  more  space  and  therefore  shade  out  more  of  the 
intercrop  than  do  young  trees.  Little  or  no  production  is  expected 
from  intercrops  near  the  trees,  although  the  entire  space,  up  to  the 
trees,  is  cultivated  in  the  same  way.     Cotton  is  the  cliief  field  crop. 

The  labor  and  power  cost,  chargeable  to  pecans,  not  including 
harvesting  the  crop,  is  shown  in  Table  49,  and  the  total  1928  oper- 
ating cost  chargeable  to  pecans,  in  Table  50. 

Table  49. — Louisiana,  Shreveport  district:  Annual  labor  and  power  cost  per  acre 
of  operating  pecan  orchards,  15  to  19  years  old,  up  to  harvest  time,  according  to  a 
common  method  '  and  at  cost  rates  prevailing  in  1928  - 


Size  of  crew 

Rate 
of  work 
per  day 

Times 
done 

Per- 
centage 
charged 
to  pe- 
cans 

Charged  to  pecans 

Operation 

Men 

Horses 

Man 
labor 

Horse 
work 

Cost 

Prune 

Nuni- 
her 
2 
2 

Num- 
ber 

Orchard 

acres 

10 

20 

Num- 
ber 

1 
1 

Per 

cent 

100 

100 

100 

35 

35 

35 

100 

100 

100 

Hours 
2.0 
1.0 
1.0 
2.3 
1.0 
6.0 
2.5 
4.2 
5.4 

Hours 

""V.O 

.5 

4.6 

1.0 

6.0 

Dollars 
0.30 

Remove  pruned  wood __ 

.25 

Orchard  sanitation 

.20 

Plow 

1 
1 
1 
1 

2 

1 
1 

1.5 

7 

3.5 

8 

1 
2 
6 
2 

.80 

Harrow 

.25 

Cultivate 

1.50 

Hoe              

.38 

Supervision  . 

1.26 

Miscellaneous  ' 

1.28 

Total 

25.4 

17.8 

6.22 

•  Trees  set  66  by  66  feet,  or  10  to  the  acre,  of  which  6  per  cent  were  missing,  88  per  cent  were  in  bearing, 
and  6  per  cent  were  not  in  bearing — mainly  replants. 

2  Ordinary  labor  at  15  cents  an  hour,  supervision  at  30  cents,  horse  work  at  10  cents,  and  use  of  tractor  at 
.$1.25. 

3  Includes  seeding  cover  crop,  spraying,  applying  fertilizer  and  manure,  and  miscellaneous  operations. 
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Table  50. — Louisiana,  Shreveport  district:  Annual  cost  per  acre  of  operating  pecan 
orchards  15  to  19  years  old  '  according  to  a  common  method  and  at  cost  rates 
prevailing  in  1928,  and  yield  required  to  cover  costs 


Item 

Quantity 

Cost 

Labor  and  power  prior  to  harvest: 

Man  labor 

Hours 
25.4 

17.8 

Dollars 
4.44 

Horse  work ... 

1.78 

Total 

6.22 

Materials:  Miscellaneous  2.. 

2.25 

Other  costs: 

Taxes  3 . .  .     

.52 

Use  of  machinery,  not  including  tractor  * 

.79 

Overhead  * 

1  27 

Total 

2.58 

Total  cost,  exclusive  of  interest  . ... 

11  05 

Interest  at  6  ptr  cent  3  *-   ..      .  

8  80 

Total  cost 

19  85 

Quantity  of  nuts  at  27  cents  per  pound  s  required  to  cover  cost,  including  harvesting: 
Exclusive  of  interest 

Pounds 
48 
83 

Inclusive  of  interest .  __  . 

'  Trees  set  66  by  66  feet,  or  10  to  the  acre,  of  vrhich  6  per  cent  were  missing,  88  per  cent  were  in  bearing, 
and  6  per  cent  were  replants  and  not  in  bearing. 

2  Includes  cover-crop  seed,  spray  material,  fertilizer,  and  manure. 

3  35  per  cent  of  the  charges  for  taxes  and  interest  is  charged  to  pecans. 

*  See  p.  16  for  method  of  computing  machinery,  overhead  and  interest  charges. 

5  The  1928  State  average  farm  price.    Harvesting  costs  include  picking,  grading,  and  delivery  to  local 
shipping  point  and  are  based  on  pecans  sold  to  local  dealers. 

Harvesting  costs  in  1928  ranged  from  $1.50  to  $3.50  per  hundred 
pounds  of  nuts. 

In  orchards  10  to  19  years  of  age  for  which  production  records  were 
obtained,  yields  ranged  from  54  to  126  pounds  an  acre.  Approxi- 
mately 50  per  cent  of  these  orchards  did  not  have  yields  sufficient  to 
cover  costs,  including  interest  and  harvesting  costs,  as  shown  in 
Table  50. 

The  1928  yield  of  pecans  in  Louisiana  was  above  the  average  for 
the  State  during  the  10-year  period  1920-1929.  Yields  reported  for 
that  year  in  the  Shreveport  district,  however,  were  somewhat  lower 
than  anticipated  in  many  of  the  orchards  from  wliich  production 
records  were  obtained  by  personal  visits.  These  low  yields  may  be 
attributed  largely  to  poorly  filled  nuts. 

Most  of  the  orchards  included  in  this  study  are  on  cotton  planta- 
tions or  on  farms  on  which  cotton  is  the  mam,  and  in  some  cases  the 
only  other,  cash  crop  of  importance.  The  production  of  pecans,  being 
incidental  to  the  production  of  cotton  even  after  the  orchard  has 
attained  bearing  age,  may  not  receive  the  attention  that  would  be 
accorded  a  crop  that  enjoys  a  more  prominent  place  in  the  farming 
system.  Yields  of  pecans  for  many  orchards  in  the  district,  therefore, 
have  been  somewhat  low. 

The  alluvial  soil  of  the  area,  on  which  the  larger  number  of  the 
orchards  studied  are  located,  is  well  adapted  to  cotton.  The  normally 
favorable  cotton  3delds  have  resulted  in  a  relatively  liigh  evaluation 
of  the  land.  The  investment  is  such,  then,  that  it  is  particularly 
desirable  that  some  income  be  derived  from  the  land  pending  the 
development  of  pecan  trees.  The  planting  of  fewer  trees  to  the  acre 
not  only  permits  the  interplanting  of  field  crops  in  the  orchard  during 
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the  development  period  but  also  allows  a  continuation  of  this  practice 
until  the  size  of  the  trees  prevents  a  profitable  production  of  such 
crops.  This  point  in  most  cases  has  not  been  reached  in  orchards  of 
from  15  to  19  years  of  age.  WTien  the  size  of  trees  becomes  such  that 
it  is  no  longer  ad\dsable  to  grow  an  interplanted  crop  of  cotton  the 
sole  income  from  the  land,  of  an  initial  value  of  $150  an  acre,  will  be 
from  pecans. 

It  is  an  open  question  whether  pecans  can  successfully  compete 
with  cotton  on  land  of  tliis  value.  The  small  quantity  of  nuts  re- 
quired to  pay  costs  as  shown  in  Table  50,  represents  orchards  in  which 
the  trees  have  not  attained  a  size  that  proliibits  the  growing  of  cotton 
in  the  orchard  and  in  wliich  the  cotton  crop  is  charged  with  the  major 
share  of  the  joint  costs.  The  general  system  of  orchard  management 
followed,  with  the  yields  secured,  on  an  orchard  of  30  years  of  age  is 
outlined  briefly  as  an  indication  of  a  system  of  management  followed  on 
older  orchards  in  the  district  in  wliich  cotton  is  no  longer  interplanted. 

The  cultivation  of  this  orchard  consists  of  plowing  strips,  15  feet 
wide,  on  each  side  of  the  tree  rows  during  winter.  Beginning  in  the 
spring,  these  strips  are  gone  over  with  a  disk  cultivator  about  every 
other  week  until  the  latter  part  of  July.  The  middles  are  allowed  to 
grow  up  in  sweet  clover,  mostly  Melilotus  indica,  which  reseeds  itself 
annually.  This  leguminous  growth  is  disked  in  during  the  first  part 
of  July,  and  the  entire  orchard  is  usually  given  two  more  diskings 
between  that  time  and  harvesting.  The  sweetclover  from  one-fourth 
of  the  orchard  acreage  is  harvested  for  hay  each  year.  Fertilizing 
and  sprajdng  are  done  only  irregularly  and  may  not  be  classed  as 
yearly  operations. 

During  the  5-year  period  1924  to  1928  the  orchard  produced  an 
average  annual  yield  of  about  163  pounds  of  nuts  an  acre.  This  was 
an  average  yield  of  23.6  pounds  of  pecans  a  tree,  counting  all  trees 
originally  planted  as  bearing  trees.  The  orchard  was  originally 
planted  at  the  rate  of  6.9  trees  to  the  acre,  but  it  was  estimated  that 
approximately  28  per  cent  of  the  trees  were  missing  and  approxi- 
mately 5  per  cent  were  nonbearing  replants.  The  trees  actually  in 
bearing,  therefore,  produced  an  annual  average  of  35.2  pounds  of  nuts 
a  tree  during  the  5-year  period.  The  large  proportion  of  missing 
trees  and  the  consequent  lower  yield  on  an  acre  basis  may  largely  be 
attributed  to  neglect  of  the  orchard  during  the  development  period. 
With  a  full  stand  of  but  7  trees  to  the  acre,  the  orchard  would  prob- 
ably not  be  crowded  for  space  when  30  j^ears  old  and  with,  careful 
consideration  given  to  the  maintenance  of  soil  fertility,  it  is  not 
unreasonable  to  assume  that  yields  of  30  to  35  pounds  normall}' 
might  be  obtained  a  tree. 

MARKETING 

In  discussing  pecan  marketing  it  is  important  to  keep  in  mind 
that  the  so-called  improved  varieties,  under  present  conditions,  are 
handled  in  a  manner  that  is  different  from  the  manner  in  which  the 
native  seedling  crop  is  handled.  Most  of  the  pecans  grown  under 
cultivation  are  of  the  improved  or  named  varieties  which  have  been 
selected  from  fhe  native  seedling  stock  because  of  size  or  other  desir- 
able (|Uiilities.  The  average  size  of  native  seedling  nuts  is  smaller 
than  of  the  improved  varieties. 
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Improved  varieties  of  pecans  are  largely  marketed  and  distributed 
in  the  unshelled  state  to  consumers.  Some  seedlings,  particularly  the 
largest  sizes,  are  also  marketed  in  this  way,  but  the  larger  portion  of 
the  native  seedling  crop  is  sold  to  commercial  shellers.  In  so  far  as 
practicable,  therefore,  the  marketing  of  improved  varieties  is  discussed 
separately  from  the  marketing  of  the  native  seedling  crop. 

The  marketing  information  in  this  bulletin  is  based  on  the  findings 
of  a  survey  made  in  1928-29.  With  the  assistance  of  the  Federal 
Farm  Board,  the  National  Pecan  Marketing  Association,  a  coopera- 
tive sales  agency,  was  organized  in  July,  1930.  Pecan-marketing 
conditions  may  be  affected  materially  by  this  organization. 

SHIPPING-POINT  PRACTICES 

Various  methods  have  been  used  by  growers  of  improved  pecans 
during  recent  years  in  disposing  of  their  crops.  These  include  selling 
through  a  cooperative  association;  selling  to  one  of  a  number  of  large 
shippers  or  to  a  smaU  local  buyer;  consigning  to  a  city  dealer  or 
retailer;  and  selling  direct  to  city  dealers,  retailers,  or  consumers. 
Some  growers  and  small  shippers  have  made  a  practice  of  selling 
direct  to  consumers  and  shipping  by  parcel  post  or  express.  Most 
of  the  sales  by  large  shippers  are  on  an  f.  o.  b.  shipping-point  basis. 

Seedling  or  native  pecans,  which  are  produced  chiefly  in  Texas, 
Oklahoma,  and  neighboring  States,  are  usually  shelled  commercially, 
although  some  unshelled  seedlings  reach  the  consuming  public, 
principally  in  mixed  nuts.  The  crop  is  assembled  through  country 
merchants,  dealers,  and  representatives  of  shellers.  The  shellers 
usually  buy  the  nuts  ungraded  and  grade  them  before  cracldng. 

The  methods  of  disposal  of  the  1928  pecan  crop  by  growers  as 
reported  in  the  survey  are  shown  in  Table  51. 

Table  51. — Disposition  growers  made  of  the  pecan  crop,  by  States,  1928 


Pro- 
duc- 
tion 

Deliv- 
ered to 
cooper- 
ative 
selling 
associa- 
tion 

Shipped  to  outside 
Duyers  by- 

Sold  locally 
to— 

Cracked 

Con- 
sumed 
on 
farm 

Not 
dis- 
posed 

of 

when 

report 

was 

made 

State  and  section 

Freight 

Ex- 
press 

Parcel 

post 

Deal- 
ers 

Con- 
sum- 
ers 

for  sale 

of 
kernels 

Total 
crop 

North  Carolina 

South  Carolina 

Georgia 

1,000 
lbs. 
690 
730 
8,400 
2,000 
3,500 
6,500 

Per  cent 
5.6 
15.0 
24.3 
24.0 
31.3 
7.5 

Per  cent 

2.0 

5.0 

15.8 

15.0 

7.0 

18.0 

Per 
cent 
7.0 
11.0 
11.  1 
14.0 
15.0 
13.0 

Per 
cent 
8.0 
9.0 
4.1 
4.0 
3.0 
3.0 

Per 
cent 
17.0 
19.5 
25.9 
21.0 
16.7 
34.0 

Per 
cent 
16.0 
12.0 
5.1 
5.0 
10.0 
11.0 

Per  cent 
1.0 
.5 
.2 
.5 
.2 
.5 

Per 

cent 

40.0 

25.0 

12.5 

15.0 

15.0 

10.0 

Per 
cent 
3.4 
3.0 
1.0 
1.5 
1.8 
3.0 

Per 

cent 
100 
100 
100 

Florida 

Alabama 

100 
100 

Mississippi            

100 

Eastern 

21,820 

19.5 

14.2 

12.4 

3.9 

25.8 

8.2 

.4 

13.7 

1.9 

100 

Missouri 

300 

1,750 

5,500 

8,400 

29,500 

.5 

""""i."o" 
""zo 

3.0 

1.0 

18.0 

13.0 

7.0 

.2 

15.0 

2.0 

1.0 

1.5 

1.3 
3.0 
.3 
2.0 
2.0 

53.0 
49.0 
GO.O 
64.0 
67.0 

28.7 

11.0 

5.0 

8.5 

11.0 

12.7 
1.5.0 
10.0 
10.0 
5.0 

.6 
4.0 
3.4 
1.0 
1.0 

100 

Arkansas . 

2.0 
.3 

.5 
3.5 

100 

Louisiana              

100 

Oklahoma - 

100 

Texas 

100 

Western 

45, 450 

1.4 

9.2 

2.0 

1.8 

64.8 

9.9 

2.5 

7.0 

1.4 

100 

Total 

07,  270 

7.3 

10.8 

5.4 

2.5 

52.1 

9.4 

1.8 

9.1 

1.6 

100 
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In  1928  handling  by  cooperative  selling  associations  was  largely- 
confined  to  the  States  east  of  the  Mississippi.  Very  few  nuts  were  so 
handled  in  any  of  the  States  west  of  the  Mississippi  and  none,  so  far 
as  reported,  in  Ai'kansas  and  Oklahoma.  The  most  important  mar- 
keting channel  used  by  growers  has  been  tlirough  the  local  buyers  or 
dealers  who  are  estimated  to  have  handled  more  than  half  the  crop. 

A  few  growers  and  small  shippers  have  been  successful  in  marketing 
pecans  by  parcel  post,  but  in  general  it  has  been  difficult  to  dispose 
of  large  quantities  successfully  in  this  way.  Objections  are  that  the 
purchaser  who  is  usually  a  consumer  does  not  have  an  opportunity  to 
inspect  the  nuts  prior  to  their  receipt  and  shippers  have  in  some 
instances  suffered  losses  when  payment  was  not  required  in  advance 
on  parcel-post  shipments.  Pecans  are  becoming  more  generally 
available  through  the  retail  stores,  and  the  trend  in  prices  has  been 
downward.  These  conditions  are  not  conducive  to  an  increased 
volume  of  sales  through  parcel-post  channels. 

Methods  of  disposal  vary  considerably  in  the  different  States, 
depending  upon  the  degree  of  concentration  of  the  industry.  Sales 
for  local  consumption,  for  mstance,  amounted  to  as  much  as  one- 
fourth  of  the  crop  in  at  least  one  State  and  more  than  one-tenth  in 
several  others,  while  it  fell  to  one- twentieth  in  Georgia,  Florida,  and 
Louisiana.  Consumption  on  the  farm  where  produced  is  also  rela- 
tively high  in  districts  in  which  the  crop  is  grow^n  to  only  a  hmited 
extent,  being  25  per  cent  and  over  in  the  Carolinas,  but  falling  to 
5  per  cent  in  Texas  where  a  large  proportion  of  the  crop  is  not  gathered 
by  the  owTier.  Growers'  shipments  by  express  are  highest  in  the 
States  east  of  the  Mississippi  that  produce  improved  types  of  nuts, 
and  are  negligible  in  Louisiana,  Oldahoma,  and  Texas. 

The  rate  on  less  than  carload  lot  freight  shipments  of  unshelled 
pecans  from  Albany,  Ga.,  to  Chicago,  111.,  in  June,  1931,  w^as  reported 
as  $1.51  per  hundredweight,  and  on  car-lot  shipments  97  cents  per 
hundredweight.  These  rates  are  subject  to  change  and  are  stated 
here  only  as  an  illustration  of  approximate  transportation  costs. 

Pecans  sold  cooperatively  or  to  large  shippers  in  the  districts  that 
produce  chiefly  improved  varieties  have  been  sized,  graded,  and 
packed  at  houses  operated  by  the  association  or  by  sliippers.  Of  the 
nuts  handled  cooperatively  or  by  large  shippers  in  the  1928  season, 
approximately  50  per  cent  w^ere  packed  in  100-pound  double-ply 
burlap  sacks,  38  per  cent  in  50-pound  boxes,  9  per  cent  in  25-pound 
boxes,  and  the  remainder  in  barrels,  small  sacks,  and  cartons.  Re- 
ports indicate  that  somewhat  less  than  one-half  of  the  1928  crop 
shipments  of  unshelled  pecans  fiom  tlic  improved  pecan  area  were  in 
carloads.  The  remainder  were  sent  to  market  chiefly  in  1.  c.  1.  (less 
than  carload  lot)  freight  sliipmcnts  although  some  wxre  moved  by 
express,  parcel  post,  and  motor  truck. 

General  grading  methods  for  impjoved  varieties  or  large  seedlings 
have  been  recommended  by  the  National  Pecan  Association,  but  thej^ 
have  not  been  applied  uniformly  l)y  all  shippers.^  Each  of  the 
important  shipping  organizations  has  operated  under  its  own  brands, 
whicli  represent  various  varieties  or  mixtures  of  varieties,  and  its 
own  stiindards  of  quality  and  size.  In  marketing,  the  Schley  vnriet}^, 
which  brings  a  premium  in  price,  is  not  mixed  with  other  varieties. 

»  OfTinial  KradiriK  stan'lanls  for  tinshpllofi  pponns  (imiirnvcil  varioti'-s  and  largo  scodlinps — not  shelling 
stock)  wcro  issued  by  the  Biiremi  of  Auriciillural  Kcononiics,  U.  S.  Depiirlinent  of  Apriciilliire,  iu  October, 
1930,  and  wore  recouimonded  by  tlie  National  Pecan  Association  at  its  annual  meeting  in  1930. 
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The  so-called  standard  varieties  other  than  Schley,  as  Stuart,  Success, 
Van  Deman,  Alley,  Pabst,  Frotscher,  and  others  of  similar  appearance 
and  character,  are  usually  sold  in  mixtures  of  varieties  but  in  some 
instances  as  individual  varieties. 

Usually  pecans  from  the  current  season's  crop  can  not  be  placed  on 
the  market  in  quantity,  imtil  after  the  first  of  November.  In  years  of 
heavy  production  a  considerable  percentage  of  the  crop  has  been 
carried  over  in  cold  storage  and  marketed  during  the  next  season. 
In  view  of  the  fact  that  the  pecan  crop  arrives  on  the  market  too  late 
for  the  October  and  early  November  trade  it  would  appear  to  be 
sound  practice  to  carry  over,  under  proper  cold-storage  conditions,  a 
limited  quantity  to  take  care  of  the  early  fall  demand  for  unshelled 
pecans.  Particularly  in  years  of  heavy  production  a  carry-over  of 
moderate  size  to  the  next  season  should  relieve  the  marketing 
situation. 

A  large  crop  usually  has  been  followed  the  next  year  by  a  medium 
or  small-sized  crop  wliich  facilitates  the  sale  of  nuts  held  over  from  a 
large  crop.  The  marketing  situation  may,  of  course,  be  materially 
weakened  if  there  is  an  excessive  carry-over  in  the  hands  of  shippers 
or  city  dealers.  In  some  years  the  uncertainty  of  the  quantity 
carried  over,  either  in  the  producing  area  or  in  scattered  holdings  in 
the  markets,  has  been  an  unsettling  factor  in  the  price  situation. 

SHIPPING-POINT  PRICES 

Average  f.  o.  b.  prices  for  the  crops  produced  during  the  period 
1925  to  1930  as  computed  from  reports  by  sliippers  in  the  southeastern 
area  are  shown  in  Table  52.  The  figures  for  all  sales  are  supposed  to 
represent  the  average  prices  for  the  crops  specified,  including  in 
some  instances  returns  on  nuts  carried  over  and  sold  during  the  next 
fall.  The  relation  between  supply  and  price  during  these  years  is 
difficult  to  determine.  The  relatively  small  crop  of  improved  varie- 
ties in  1925  sold  at  the  highest  price  received  in  any  of  the  six  years, 
but  the  large  crop  of  1926  apparently  averaged  more  per  pound  than 
did  the  light  crop  of  1927.  Considerable  quantities  of  the  1926  crop, 
however,  were  not  sold  until  the  fall  of  1927.  The  large  1928  crop 
(exclusive  of  nuts  carried  over  until  the  fall  of  1929),  according  to 
reports,  averaged  slightly  higher  in  price  than  did  the  1927  crop.  The 
smaller  1929  crop  influenced  by  the  carry-over  from  1928  averaged 
about  the  same  in  price  as  the  crop  sold  the  previous  season. 

If  full  and  accurate  information  were  available  to  shippers  at  the 
beginning  of  each  marketing  season  regarding  the  size  of  the  current 
crop  and  the  quantity  carried  over  from  the  previous  season  at  ship- 
ping points  and  in  the  markets,  it  should  be  possible  to  determine  a 
scale  of  prices  at  which  the  current  crop,  or  a  certain  percentage, 
would  move  into  consumption.  Less  uncertainty  as  to  the  price 
situation  would  materially  benefit  the  industry  as  a  whole. 

The  premium  in  price  of  Schley  over  other  standard  varieties  has 
ranged  from  12  to  18  cents  per  pound  during  the  period  1925  to  1930. 
For  the  1928  crop  the  relative  quantities  of  the  varieties  or  groups 
shown  in  Table  52  based  on  the  reports  covering  about  6,000,000 
pounds  of  the  improved  crop  were:  Schley,  13  per  cent;  other  standard 
varieties,  53  per  cent;  miscellaneous  (including  some  standard  varie- 
ties), 28  per  cent;  seedlings,  3  per  cent;  culls  and  crackers,  3  per  cent. 
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Table  52. — Approximate  prices  per  pound  of  pecans  (/.  o.  b.  basis)  by  classes,  as 
reported  by  shippers  in  the  area  east  of  the  Mississippi  River,  1925-1930  ' 


Crop 

Schley 

Other 
standard 
varieties  2 

1925 

Cents 
54 
44 
44 
45 
45 
43 

Cents 
36 
32 
31 
32 
33 
29 

1926              

1927                                                       

1928            

1929                                                       .     

1930 

Miscel- 
laneous 
varieties  2 


Cents 
31 
25 
23 
25 
27 
24 


Seed- 
lings 3 


Cents 
20 
16 
17 
13 
15 
13 


Culls 


Cents 
15 
19 
15 
14 


All  sales 


Cents 


35 
32 
30 
31 
31 


'  Prices  were  computed  by  combining  reports  and  estimates  from  shippers  in  the  area  producing  mostly 
improved  varieties.  Minor  arbitrary  adjustments  were  made  in  a  few  instances.  They  are  presented  as 
approximations  of  the  weighted  average  f.  o.  b.  prices.  It  was  impracticable  to  obtain  weighted  average 
prices  for  various  gradations  of  quality  and  size  reported  by  the  different  shippers.  The  1929  figures  are 
influenced  by  some  carry-over  from  the  1928  crop  included  in  the  report  of  sales. 

2  Standard  varieties  other  than  Schley,  include  Stuart,  Alley,  Pabst,  Van  Deman,  Success,  Frotscher, 
Delmas,  and  possibly  others.    Some  nuts  of  these  varieties  may  be  included  with  "miscellaneous  varieties," 

'  Seedlings  as  here  reported  include  only  relatively  small  quantities  reported  by  shippers  who  handle 
chiefly  improved  varieties. 

The  reader  should  keep  in  mind  that  the  prices  shown  in  Table  52 
are  the  selling  prices  at  shipping  point  for  pecans  from  the  south- 
eastern area.  The  costs  of  assembling  at  shipping  points  and  of 
grading  and  packing,  and  incidental  costs,  are  charges  which  must 
be  deducted  from  f.  o.  b.  prices  in  ascertaining  the  prices  received  by 
growers  of  these  nuts.  These  costs  vary  and  may  range  from  a  few 
cents  to  as  much  as  7  or  8  cents  per  pound. 

Growers  throughout  the  entire  pecan  belt,  who  are  pecan  corres- 
pondents of  the  Division  of  Crop  and  Livestock  Estimates,  were 
asked  to  report  the  prices  received  for  pecans,  under  the  classification 
of  improved  varieties  and  seedlings.  These  prices,  and  the  total 
value  of  the  crop  by  States  for  the  period  1925  to  1931,  are  shown  in 
Table  53.  The  prices  which  growers  reported  they  received  .for 
improved  varieties  are  slightly  higher  than  would  be  indicated  by 
the  f.  o.  b.  shipping-point  prices  reported  by  shippers.  (Table  52.) 
The  reports  of  growers,  however,  include  sales  by  parcel  post  and 
express  and  small-lot  sales  in  which  the  prices  received  were  probably 
higher  than  in  the  case  of  sales  made  to  dealers  or  through  associations. 

The  higher  price  of  the  improved  varieties  is  noticeable,  being 
usually  from  two  to  three  times  as  much  as  received  for  the  seedling 
nuts.  Seedling  nuts  from  some  sections  that  produce  nuts  of  excep- 
tionally good  size  and  character  bring  considerably  better  prices  than 
the  average  shoNvn  for  seedling  nuts,  and  some  of  course  bring  less; 
the  difference  in  size  and  quality  of  seedling  nuts  is  quite  as  great 
as  among  improved  varieties. 

Table  53  also  shows  the  total  value  of  the  crops  of  improved  and 
seedling  pecans  for  the  years  1925  to  1931  inclusive.  It  will  be 
seen  that  Texas  derives  a  larger  income  from  pecans  than  any  other 
State.  The  value  of  pecans  in  that  State,  which  produces  in  aver- 
age years  close  to  one-half  of  the  total  crop,  ranges  from  about 
$1,000,000  to  almost  $5,000,000.  Georgia  comes  second,  with  an 
income  ranging  from  $1,000,000  to  almost  $3,000,000  annually. 
Mississippi  and  Oklahoma  have  incomes  from  pecans  of  around 
$1,000,000  or  more  in  average  years.  Alabama  andLouisiana  usually 
receive  from  $500,000  to  $1,000,000  each. 
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Table  53. — Average  price  per  pound  of  pecans  received  by  pecan  growers,  and  total 

value  of  the  crop,  1925-1931 

PRICE  PER  POUND 


State 

Improved  varieties 

Seedling  varieties 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

North  Carolina 

CIS. 

45 

45 

37 

37 

40 

39 

34 

32 

35 

34 

Cts. 

44 

28 

31 

30 

34 

37 

35 

32 

30 

30 

Cts. 

40 

35 

34 

33 

37 

38 

35 

38 

35 

35 

Cts. 

36 

33 

28 

31 

30 

30 

32 

27 

35 

35 

CIS. 

34 

35 

31 

33 

30 

32 

35 

31 

39 

32 

Cts. 
33 

28 

30 

29 

25 

27 

30 

24 

30.5 

27 

Cts. 
20 

17 
12 
14 
14 
14 
15 
16 
19 
17 

Cts. 

30 

30 

25 

22 

25 

23 

18 

17 

15 

17 

17 

18 

Cts. 

25 

21 

15 

14 

19 

18 

15 

14 

10 

11 

17 

16 

Cts. 

27 

23 

17 

17 

20 

19 

15 

16 

13 

16 

14 

zO 

Cts. 
■22 

17 

13 

16 

13 

14 

14 

10.7 

11 

11.7 

15 

16 

Cts. 
20 
20 
15 
17 
16 
17 
12 
15 

10.2 
11 
15 
13 

CIS. 
18 
18 
14 
17 
12 
12 
12 
12 
9.1 
11 
14 
12 

Cts. 
14 

South  Carolina       

n 

Georgia        .  - . 

6 

Florida                           

8 

Alabama      

8 

Mississippi...  ...     _ 

7 

Arkansas                        

6 

Louisiana 

7.5 

Oklahoma .  

5 

Texas                

,5.3 

Illinois 

8 

"Missouri 

35 

32 

48 

35 

30 

20 

15 

8 

United  States 

37.8 

32.5 

35.4 

29.6 

31.7 

27.8 

13.8 

17.3 

11.8 

15.4 

11.9 

11.4 

10.8 

,5.8 

VALUE  OF  CROP 


North  Carolina 

1.000 

dolls. 

86 

166 

1,  924 

444 

640 

936 

14 

266 

26 

44 

1,000 

dolls. 

198 

252 

2,449 

309 

789 

980 

32 

240 

30 

252 

1,000 

dolls. 

1.52 

192 

1,490 

264 

363 

597 

21 

133 

14 

66 

l.COO 

dolls. 

158 

182 

2,072 

465 

834 

975 

30 

221 

14 

280 

1,000 

dolls. 

146 

158 

1,116 

248 

402 

384 

21 

116 

27 

176 

1.000 

dolls. 

139 

210 

1,290 

261 

582 

662 

24 

288 

21 

81 

1.000 

dolls. 

147 

136 

938 

263 

493 

420 

26 

154 

22 

163 

1,000 

dolls. 

42 

54 

300 

158 

150 

620 

275 

799 

2,194 

2,018 

4 

107 

1,000 

dolls. 

82 

84 

225 

68 

148 

513 

436 

735 

1,  960 

4,  517 

54 

238 

1.000 

dolls. 

76 

46 

102 

58 

56 

310 

216 

304 

1,  152 

1,506 

13 

79 

1,000 

dolls. 

55 

31 

130 

80 

94 

455 

232 

501 

920 

3,  358 

4 

47 

1,000 

dolls. 

47 

26 

60 

42 

45 

187 

113 

319 

1,  513 

2,140 

22 

115 

1,000 

dolts. 

40 

31 

56 

42 

48 

390 

170 

816 

1,177 

1,342 

28 

71 

1.000 

dolls. 

44 

South  Carolina 

16 

Georgia . 

41 

Florida 

Alabama    .  .  .  . 

38 

38 

Mississippi 

175 

Arkansas . 

158 

Louisiana.      .        

378 

Oklahoma 

569 

Te.xas 

1  645 

Illinois 

20 

Missouri.  .  

2 

5 

2 

2 

4 

2 

5 

141 

United  States 

4,  548 

5,536 

3,300 

5,233 

2,798 

3,  .560 

2,767 

6,  721 

9,060 

.3,  918 

5,907 

4,629 

4,211 

3,263 

DISTRIBUTION  OF  THE  1928  IMPROVED  CROP 

Reports  from  shippers  on  the  primary  distribution  of  about 
6,000,000  pounds  of  unshelled  pecans  of  the  1928  crop  from  Georgia, 
Mississippi,  Alabama,  Florida,  Louisiana,  North  Carolina,  and 
South  Carolina  indicate  that  approximately  27  per  cent  of  the  ship- 
ments went  to  the  North  Atlantic  States  including  New  England, 
New  York,  New  Jersey,  and  Pennsylvania.  Primary  distribution  is 
shown  in  Table  54.  The  primary  distribution  shows  in  a  general 
way  where  the  improved  pecan  crop  is  consumed  (fig.  4),  but  it 
must  be  kept  in  mind  that  large  quantities  are  redistributed  from  such 
important  centers  as  Cincinnati,  Chicago,  and  New  York. 

The  reports  indicate  that  more  than  half  of  the  shipments  of  im- 
proved varieties  are  consumed  in  the  North  Central  States  from  Ohio 
to  Kansas,  Nebraska,  and  the  Dakotas,  but  consumption  of  improved 
varieties  grown  east  of  the  Mississippi  River  is  small  in  Kansas, 
Nebraska,  Minnesota,  and  in  States  farther  west.  That  southern 
pecans  are  reaching  consumers  on  the  Pacific  coast  to  an  appreciable 
extent  is  shown  by  the  fact  that  California  received  68,000  pounds 
which  is  1.1  per  cent  of  the  quantity  on  which  primary  destinations 
were  reported.  Shipments  were  reported  to  39  States  in  addition  to 
the  District  of  Columbia  and  the  New  England  group. 
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Table  54. — Primary  destination  of  unshelled  pecans,  hy  State  and  division,  crop 

of  1928  ' 


Destination 


North  Atlantic  States: 


New  England 202,260 


Quantity 


Percent- 
age of  total 
reported 


Pounds 


New  York. 
New  Jersey. -- 
Pennsylvania. 

Total 


North  Central  States: 

Ohio 

Indiana 

Illinois 

Michigan 

Wisconsin 

Minnesota 

Iowa 

Missouri.- 

North  Dakota 

South  Dakota 

Nebraska 

Kansas 


Total. 


South  .Atlantic  States: 

Delaware 

Maryland  and  District  of 

Columbia 

Virginia. 

West  Virginia 

North  Carolina 

South  Carolina 

Georgia 

Florida 


Total. 


1, 095,  855 
24,  785 
300,792 


1,  623,  692 


1,  531,  855 

211,019 

806, 087 

244,  190 

76,  493 

51, 405 

23,  857 

384,  599 

3,300 

1,  950 

81, 140 

8,520 


3,  424.  415 


400 

210, 075 

31,  774 

16,  677 

26,  848 

8,200 

180,  124 
91,  126 


565,224 


Per  cent 

3.3 

18.0 

.4 

4.9 


26.6 


25.1 

3.5 

13.2 

4.0 

1.3 

.9 

.4 

6.3 

.1 


1.3 
.1 


56.2 


3.4 
.5 
.3 
.5 
.  1 
3.0 
1.5 


9.3 


Destination 


South  Central  States: 

Kentucky 

Tennessee 

Alabama 

Mississippi 

Arkansas.. 

Louisiana 

Oklahoma 

Texas 


Total. 


Far  Western  States: 

Montana 

Wyoming 

Colorado 

Arizona 

Utah 

Washington 

Oregon 

California 


Total. 


Foreign  countries: 

(^uba 

Canada 

England 


Total 

Grand  total. 


Quantity 


Percent- 
age of  total 
reported 


Pounds 

62,  345 

92,  615 

41,360 

500 

3,000 

4,  O.'iO 

42,  934 

100,  202 


347,  906 


Per  cent 
1.0 
1.5 
.7 


1,850 

50 

10,  672 

4,325 

5,  600 

14,  775 

12,  200 

68,  371 


117,843 


3,750 

12,  680 

500 


16,  930 


6, 096,  010 


.1 

.7 
1.7 


5.7 


.2 
.1 
.1 
.2 
.2 
1.1 


1.9 


.3 


100.0 


Compiled  from  shippers'  reports  on  6,096,010  pounds. 

•  Pecans  from  the  area  producing  principally  improved  varieties.    Many  shipments  to  points  such  as 
Cincinnati,  New  York,  and  Chicago  were  probably  redistributed  to  cities  and  towns  in  near-by  States. 


■^ 


Unshelled  Pecans;Desti nation  of 
6.096.010  pounds  of  the  1928  crop 


•  oitT)tiK/T*r>H  iv  «»»»«  oo  ■i&oNi  f  POM  tut  Mt*  r^oouc'Nc. 


HA 


Yi<,vK¥.  4.— The  principal  consuming  territory  for  pecans  marketed  unshelled  is  in  the  North 
Central  and  North  Atlantic  Stal&s  according  to  reports  showing  primary  destinations  of  ship- 
ments from  the  southeastern  pecan-producing  area.    (Table  54) 
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Lack  of  infonnation  on  final  destinations  makes  it  impossible  to 
ascertain  whether  distribution  is  fairly  uniform  within  the  various 
regions  shown  in  Table  54.  Information  from  various  sources  suggests 
that  the  pecan  is  practically  unknown  in  many  small  towns  and.  ^dl- 
lages  in  the  North. 

CITY  MARKET  SURVEY 

Kepresentatives  of  the  Bureau  of  Agricultural  Economics  inter- 
viewed pecan  brokers,  wholesalers  or  jobbers,  and  retailers  in  22 
cities,  including  Boston  in  the  East  and  Omaha  in  the  West  during 
the  period  from  December,  1928,  to  March,  1929.  The  purpose  of 
tliis  nnirket  sur\^ey  w^as  to  ascertain  the  opinions  of  the  wholesale  and 
retail  trade  on  pecan-marketing  problems,  to  collect  information  on 
marketing  methods  and  practices,  and  to  receive  suggestions  for  im- 
provement. Two  sets  of  questionnaire  forms  were  used  in  interview- 
ing city  dealers,  one  for  brokers  and  wholesalers  or  jobbers  (using  these 
last  two  terms  synonymously),  and  one  for  retailers. 

Information  obtained  from  brokers,  wholesalers,  and  jobbers  in- 
cluded data  on  the  quantity  and  grade  of  pecans  and  other  nuts 
handled;  origin  and  jobbing  price  of  pecans;  period  of  year  when 
pecans  and  other  nuts  are  usually  on  the  market;  percentage  of  sales 
made  during  the  holiday  period;  channels  of  trade;  trade  preferences 
as  to  type  of  package;  methods  of  transportation  and  grading;  ad- 
justment of  disputes  concerning  quality  of  receipts;  advertising; 
competition  with  other  nuts;  storage;  comparison  of  demand  for 
shelled  and  unshelled  nuts;  and  direct  shipments  from  producing 
districts  to  retailers  and  consumers.  Opinions  as  to  possibility 
of  expanding  the  markets  and  of  increasing  pecan  consuxnption,  and 
suggestions  for  improving  marketing  conditions  were  obtained. 

Similar  information  was  obtained  by  interviews  ^vith  retailers 
both  in  chain  organizations  and  independents  in  the  cities  visited. 
Retailers  were  also  asked  questions  relating  to  display  practices,  con- 
sumers' preferences,  size  of  consumers'  purchases,  and  retail  prices. 

ATTITUDE  OF  TRADE  TOWARD  PECANS 

For  the  marketing  territory  as  a  whole,  brokers,  wholesalers,  and 
retailers  were  practically  unanimous  in  expressing  optimism  as  to  the 
possibility  of  increasing  the  consumption  of  pecans.  It  was  the 
general  feeling  that  domestic-market  outlets  could  be  developed  to 
take  care  of  an  increasing  amiual  production.  The  pecan  is  recog- 
nized by  those  wbo  are  famihar  wTth  it  as  a  nut  of  nigh  merit.  Its 
movement  into  consumption  has  not  been  stimulated  by  advertising 
and  organized  sale  policy  to  the  extent  that  the  movement  of  certain 
other  nuts  has  been  speeded  up  by  these  means. 

The  principal  suggestions  for  improving  marketing  conditions  for 
unshelled  pecans  according  to  this  trade  survey  during  the  1928-29 
season  included:  (1)  Greater  organization  and  cooperation  among 
pecan  growers  and  shippers  (as  a  result,  other  means  of  advancing  the 
welfare  of  the  industry  could  be  carried  out  more  effectively);  (2)  ad- 
vertising to  acquaint  consumers  and  retailers  with  the  nierits  of  the 
pecan;  (3)  improving  grading  practices,  particularly  among  small 
shippers,  so  as  to  prevent  poorly  filled  and  defecti^^e  nuts  from  reach- 
ing the  markets  and  the  consumers;  (4)  gi'eater  control  of  distribution 
so  as  to  reduce  the  quantity  of  consignments  and  miscellaneous  small 
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shipments  which  tend  to  unsettle  prices;  and  (5)  stabilization  of  prices 
m  relation  to  the  season's  supply.  Most  of  the  trade  believes  that  if 
the  price  margin  between  pecans  and  comparable  grades  of  Persian 
(English)  walnuts  were  narrowed  the  demand  for  pecans  would  be 
greatly  stimulated. 

CHANNELS  OF  MARKET  DISTRIBUTION 

The  principal  market  receivers  of  unshelled  pecans  are  wholesale 
grocers,  jobbers,  and  chain  merchandising  organizations.  The  chain 
stores  sometimes  buy  through  jobbers  as  well  as  direct  from  shippers. 
Large  independent  retailers  often  buy  from  shippers  or  growers  with 
whom  they  have  estabhshed  contacts,  but  the  smaller  independent 
retailers  buy  from  the  wholesale  grocers  and  jobbers.  Considerable 
quantities  have  been  received  on  consignment  by  city  jobbers  or 
dealers.  These  consignments  have  been  mostly  from  growers  or  small 
sliippers  and  sometimes  have  been  received  by  commission  merchants 
on  the  fruit  and  vegetable  markets  who  have  not  had  a  regular  trade 
in  nuts  and  have  been  at  a  disadvantage  in  selling  such  shipments  at 
the  price  level  prevailing  in  transactions  by  dealers  who  handle 
nuts  regularly.  The  greater  part  of  the  crop,  however,  has  been 
bought  on  an  f.  o.  b.  shippmg-point  basis.  In  many  instances  pur- 
chases have  been  made  through  brokers  who  represent  shippers  in  the 
markets.  In  some  districts  consumers  who  have  contacts  in  the 
producing  areas  receive  pecans  direct  by  parcel  post  or  in  small  freight 
or  express  shipments.  Brokers  and  the  wholesale  trade  in  various 
cities  serve  a  considerable  area  in  the  city's  trade  territory.  In  many 
small  towns  and  villages,  however,  pecans  are  little  Imown. 

PREFERENCES  AND  OPINIONS  OF  THE  WHOLESALE  TRADE 

Large-to-medium  sized  thin-shelled  pecans  are  preferred  by  the 
trade.  Although  most  unshelled  pecans  that  reach  the  market  are  of 
improved  varieties,  considerable  quantities  of  seedlings  are  marketed 
in  the  shell  mostly  for  use  in  mixed  nuts  during  the  holidays.  Reports 
from  wholesalers  or  jobbers  and  brokers  stating  the  poundage  of  im- 
proved varieties,  and  seedlings  handled  unshelled  in  the  1928  season, 
show  that  18  per  cent  of  the  quantity  reported  was  seedlings.  Many 
of  these  seedlings  came  from  Texas  and  Oklahoma.  Relatively  large 
quantities  of  seedhngs  were  reported  by  dealers  in  the  New  England 
receipts. 

In  regard  to  wholesale  packages  for  unshelled  pecans  it  was  found 
that  of  wholesalers  and  large  retailers  canvassed,  35  per  cent  preferred 
the  50-pound  box,  27  per  cent  preferred  the  25-pound  box,  and  38 
per  cent  preferred  other  packages  including  the  100-pound  sack. 
Arguments  in  favor  of  the  box  were  that  it^ves  better  protection 
from  damage  and  pilfering  than  the  sack,  and  that  25  or  50  pounds  is 
a  more  suitable  quantity  for  many  retailers  than  is  a  larger  ])ackao-e. 

Over  80  per  cent  of  the  wholcsaleis  stated  that  they  found  it'as 
profitable  to  handle  pecans  as  other  nuts. 

There  were  some  com})laints  froiu  dealere  in  various  markets 
regarding  the  grade  and  (piality  of  some  shipments.  Some  poorly 
filled  pecans,  and  some  improperly  cured  at  the  beginning  of  the  ship- 
l)ing  season,  were  reported.  Alany  of  these  nuts  were  consignments 
or  receipts  froju  small  shippei-s. 
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Many  handlers  in  the  markets  find  the  large  number  of  brands  from 
various  shippers  confusing-,  and  believe  that  greater  standardization 
of  grading  practices  would  be  to  the  advantage  of  the  industry.  On 
account  of  the  large  number  of  pecan  varieties  many  dea,lers  believe 
the  practice  of  mixing  varieties  of  similar  characteristics  into  one  lot 
in  marketing  is  more  satisfactory  than  to  keep  each  variety  separa,te. 
Some  dealers  voiced  an  objection  to  this  practice,  however,  stating 
that  inferior  varieties  may  easily  be  included  in  a  mixture  or  blend. 

Disputes  which  occur  between  shipper  and  receiver  are  mostly 
settled  by  private  adjustment. 

Most  members  of  the  w^holesale  or  jobbing  trade,  and  most  brokers, 
believed  there  wdll  be  some  narrowing  of  the  price  differential  between 
pecans  and  walnuts  or  almonds.  It  was  generally  felt  that  if  the 
price  differential  of  10  or  12  cents  a  pound  were  reduced  the  demand 
for  pecans  would  be  greatly  stimulated  and  an  increasing  supply  could 
be  absorbed  by  the  markets. 

RETAIL  OUTLETS  AND  PRACTICES 

Observations  and  answers  to  inquiries  among  independent  and 
chain  grocery  stores  in  various  cities  throughout  the  northern  marketing 
region  indicate  that,  as  a  general  estimate,  about  one-half  of  the  stores 
carried  unshelled  pecans  during  the  1928  holiday  season  or  for  a 
longer  period.  Large  Ciuantities  are  handled  by  chain  drug  stores 
and  nut  specialty  stores,  and  some  are  handled  by  department  stores. 
Bulk  window  display  has  been  used  by  some  stores  as  an  effective 
means  of  speeding  up  pecan  sales.  Of  the  managers  of  chain  and 
independent  retail  stores  interviewed,  who  carried  unshelled  pecans, 
over  half  reported  carrying  them  for  less  than  three  months  in  the 
fall  and  winter.  Others  carried  them  four  to  six  months  and  a  few 
carried  them  all  year.  Many  retailers  reported  carrying  English 
walnuts  (nuts  of  Juglans  regia  are  meant  throughout  this  discussion) 
all  year.  Personal  interviews  w^th  retailers  indicated  that  from  70 
to  85  per  cent  of  the  unshelled  pecans  were  sold  during  November 
and  December.  A  large  majority  of  the  retailers  who  handled 
shelled  pecans  reported  them  on  sale  all  year,  with  only  about  one- 
third  of  the  annual  volume  of  sales  made  in  November  and  December. 

The  majority  of  retailers  interviewed  expressed  an  opinion  that 
the  demand  for  shelled  pecans  w^as  increasing  more  rapidly  than  the 
demand  for  unshelled  pecans.  No  definite  conclusion,  however, 
could  be  reached  as  to  whether  it  would  pay  shippers  to  market  a 
considerable  part  of  the  improved  varieties  as  shelled  stock.  The 
cost  of  shelhng,  yield  of  kernels,  and  price  obtainable  would  decide 
whether  such  a  policy  would  be  practical.  About  two-thirds  of  the 
consumers  who  replied  to  the  survey  questionnaire  expressed  a  pref- 
erence for  buying  pecans  unshelled. 

In  the  city  districts  which  could  be  classed  as  medium-to-wealthy, 
pecans  were  much  more  generally  used  than  in  the  poorer  districts. 
In  fact  the  pecan  was  generally  referred  to  as  a  "luxury"  nut. 

About  50  per  cent  of  the  retailers  interviewed  stated  that  the  aver- 
age size  of  consumers'  purchases  of  unshelled  pecans  is  1  pound.  A 
considerable  number  of  retailers  reported  from  1  to  5  pounds  as  the 
usual  sale  and  some  reported  one-fourth  to  1  pound.  For  shelled 
pecans  many  retailers  reported  sales  of  one-fourth  pound  as  the  usual 
quantity. 
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Seventy  per  cent  of  the  retailers  interviewed,  including  chain-store 
managers,  stated  that  they  bought  pecans  more  than  once  during  the 
season.  A  common  practice  with  retailers  is  to  display  unshelled 
pecans  in  the  original  sack  or  box,  or  in  a  bin  in  bulk.  Practically  all 
retailers  said  that  their  trade  preferred  to  buy  pecans  from  bulk 
rather  than  in  a  closed  package.  The  50-pound  and  25-pound  boxes 
seemed  to  be  the  wholesale  packages  most  popular  with  retailers. 
Most  retailers  stated  that  only  a  few  consumers  recognized  any 
varieties  of  pecans,  and  none  recognized  brands.  Size  and  thickness 
of  shell  are  the  principal  factors  considered  by  the  average  consumer 
in  purchasing  pecans. 

Retail  prices  observed  in  various  cities  during  the  1928-29  season 
generally  ranged  from  60  to  90  cents  per  pound  on  medium-to-large 
Schley  pecans.  A  few  quotations  below  and  above  these  figures  were 
noted.  Prices  on  other  standard  varieties  ranged  generally  from  40 
to  60  cents,  with  an  average  close  to  50  cents.  Some  medium-to-large 
seedlings  were  being  offered  at  30  to  45  cents.  Shelled  pecans  were 
observed  on  sale  at  the  rate  of  90  cents  to  $1.50  per  pound. 

Prices  of  nuts  have  been  fairly  stable  during  most  seasons  according 
to  the  majority  of  retailers.  During  the  winter  and  spring,  however, 
some  retailers  as  well  as  wholesalers  reduce  prices,  particularly  in 
years  when  large  supplies  are  on  hand. 

The  majority  of  retailers  interviewed  thought  the  demand  for 
pecans  would  be  equal  to  or  greater  than  the  demand  for  English 
walnuts  and  almonds  if  the  price  of  pecans  per  pound  were  the  same 
as  the  price  of  these  other  nuts.  Nearly  all  retailers  stated  that 
pecan  consumption  among  their  customers  is  increasing.  Retailers 
in  general  thought  that  advertising  in  magazines,  newspapers,  or  by 
radio  and  the  free  distribution  of  recipe  pamphlets  to  customers  would 
show  practical  results  in  stimulating  demand. 

PECAN  MARKETING  CONDITIONS  IN  CERTAIN  LARGE  MARKETS 

Pecan  marketing  practices  and  conditions  which  prevailed  in  certain 
large  markets  during  the  1928  season  are  here  described: 

NEW    YORK,    N.    Y. 

Practically  all  brokers,  jobbers,  and  retailers  in  New  York  City 
agreed  that  there  is  an  upward  trend  in  pecan  consumption  and  that 
there  are  excellent  possibilities  of  increasing  the  quantity  of  pecans 
used  in  the  city  and  near-by  points. 

The  greater  part  of  the  improved  pecans  used  in  the  New  York 
district  come  from  Georgia,  although  there  are  some  receipts  from 
other  States.  Some  carloads  of  seedlings  from  Texas  and  Mexico  are 
received  for  use  in  mixed  nuts  and  a  few  carloads  for  shelling. 

Pecans  are  bought  by  the  jobbers,  wholesale  grocers,  and  large 
retailers  cither  through  brokers  or  direct  from  shippers.  Most  of 
the  small  retailers  buy  imshelled  pecans  in  small  ciunntities  from 
local  jobbers.  Wholesale  grocers  are  instrumental  in  distributmg 
both  unshelled  and  shelled  nuts  throughout  the  city's  trade  territory. 
The  bulk  of  New  York's  pecan  supply  arrives  in  I.e. I.  shipments, 
altliough  some  full  carloads  are  received.  Some  pecans  are  ship])ed 
on  cousignnieiit  to  fruit  and  vegetable  commission  men  in  New  York 
who  do  not  make  a  practice  of  handUng  nuts.  This  is  generally  con- 
ceded to  be  unsatisfactory,  for  dealers  who  do  not  have  an  established 
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nut  trade  frequently  have  to  sacrifice  thes3  receipts  at  low  prices. 
Such  consignments  thus  have  a  tendency  to  unsettle  prices.  Some 
pecans  are  received  by  independent  retailers  direct  from  shippers 
but  as  compared  with  the  quantity  handled  through  jobbers,  whole- 
sale grocers,  and  chain  stores,  this  quantity  is  relatively  small. 

Most  of  the  grocery  stores  in  the  sections  occupied  by  people  of 
medium  and  large  incomes  carry  unshelled  pecans  during  the  late 
fall  months,  but  in  the  sections  where  the  poorer  population  lives 
the  pecan  is  not  well  known. 

Managers  of  chain  grocery  stores  in  the  New  York  district,  operat- 
ing 4,012  retail  units,  were  interviewed.  Of  these,  1,356  retail  units 
or  about  one-tliird  were  reported  as  carrying  unshelled  pecans  at 
some  time  during  the  1928-29  season.  An  average  of  about  60 
pounds  per  store  was  reported  for  the  chain  retail  units  that  handle 
pecans  in  the  shell.  The  stores  located  in  the  more  prosperous  dis- 
tricts handle  many  more  pecans  per  store  than  do  those  in  the  poorer 
districts. 

A  survey  of  small  independent  grocery,  fruit,  and  delicatessen 
stores  in  one  of  New  York's  poorer  districts  disclosed  the  fact  that 
the  poorer  classes  are  not  familiar  with  pecans.  In  the  district  from 
Ninetieth  Street  to  One  hundred  seventh  Street  and  from  First  Avenue 
to  Third  Avenue,  of  100  such  stores  wliich  carried  nuts  of  some  kind, 
only  3  carried  unshelled  pecans;  2  others  had  pecans  in  the  mixed- 
nut  stock.  Seventy-five  of  these  100  stores  displayed  English  wal- 
nuts; 51  had  almonds;  41,  filberts;  29,  chestnuts;  and  16,  Brazil  nuts. 
Considering  the  independent  grocery  stores  in  the  city  as  a  whole 
probably  about  the  same  proportion  of  them  as  units  of  chain  stores 
handled  pecans — that  is,  one-third. 

Pecans  were  found  on  sale  in  some  department  stores,  some  5-and- 
10-cent  stores,  and  some  drug  stores.  Where  conspicuously  displayed 
as  specialties  in  these  stores  an  excellent  demand  and  large  turnover 
were  reported.  There  are  several  small  chains  of  stores  in  New  York 
City  that  make  nuts  a  specialty  and  handle  no  other  commodity. 
These  stores,  wliich  use  volume  display  of  nuts  both  shelled  and  un- 
shelled, are  a  decided  factor  in  bringing  nuts  to  the  attention  of  the 
public. 

Most  of  the  New  York  retail  stores  reported  that  they  carry  un- 
shelled pecans  only  from  October  to  March  and  that  a  large  majority 
of  the  annual  sales  are  made  during  the  holiday  season.  Many 
wholesalers  and  retailers  reported  that  over  75  per  cent  of  their 
sales  of  unshelled  pecans  were  made  in  November  and  December. 

The  proportion  of  the  season's  business  on  shelled  pecans  handled 
during  these  months  was  reported  as  less  than  50  per  cent.  Stores 
that  carry  shelled  pecans  usually  have  them  on  sale  during  the  whole 
year. 

Practically  all  stores  that  sell  pecans  also  sell  other  kinds  of  nuts 
such  as  walnuts  and  almonds.  For  unshelled  nuts,  the  quantity  of 
walnuts  handled  by  retail  stores  was  practically  always  reported  as 
larger  than  the  quantity  of  pecans  handled.  The  quantity  of  almonds 
was  usually  larger.  The  retail  price  of  pecans  was  usually  10  to  25 
cents  per  pound  higher  than  the  retail  price  of  walnuts  or  almonds. 
Most  wholesalers  and  retailers  expressed  the  opinion  that  if  the  price 
of  pecans  were  on  a  level  with  that  of  walnuts  or  almonds,  at  least 
as  large  a  quantity  of  pecans  could  be  sold  as  of  any  of  these  other 
nuts. 
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There  was  some  difference  of  opinion  as  to  whether  the  demand  was 
increasing  more  rapidly  for  shelled  or  unshelled  pecans.  The  ma- 
jority of  retailers  thought  the  demand  for  shelled  pecans  was  mcreas- 
ing  more  rapidly. 

As  to  type  of  package  preferred  for  unshelled  pecans,  many  New 
York  dealers  and  retailers  mentioned  the  25-pound  box  as  being 
desirable. 

Improved  varieties  were  observed  to  retail  in  New  York  in  Decem- 
ber, 1928,  mostly  at  39  to  59  cents  a  pound.  Some  smaller  pecans 
were  retailing  as  low  as  29  cents  a  pound  and  in  the  more  prosperous 
districts  large-sized  Scliley  nuts  retailed  at  75  to  95  cents  a  pound. 
Pecan  kernels  were  handled  by  some  retail  grocery  stores  mostly  in 
tin  cans  of  about  3-ounce  or  8-ounce  capacity  or  in  5-pound  cartons. 
Retail  prices  for  pecans  in  these  containers  ranged  approximately 
from  90  cents  to  as  high  as  $1.75  a  pound. 

There  were  complaints  from  a  few  New  York  dealers  regarding  the 
quality  and  grading  of  pecans.  On  the  whole,  however,  the  quality 
and  grading  were  reported  as  fairly  satisfactory. 

The  consensus  of  opinion  of  retailers  was  that  consumers  do  not 
generally  know  varieties  or  brands  of  pecans. 

Some  dealers  make  a  practice  of  carrying  imshelled  pecans  over  in 
cold  storage  for  use  early  in  the  fall  before  the  current  season's  crop 
is  available. 

Jobbers  stated  that  sales  are  sometimes  made  by  shippers  direct 
to  retailers  at  prices  several  cents  below  that  at  which  the  jobber 
could  sell  and  claimed  tliis  practice  caused  them  to  lose  interest  in 
handling  pecans. 

It  was  generally  felt  that  various  forms  of  advertising  would  help 
to  stimulate  the  demand  for  pecans  and  that  some  lowering  in  the 
price  level  of  pecans  as  compared  with  other  nuts  would  greatly 
increase  the  demand. 

CINCINNATI,    OHIO 

Opinion  was  unanimous  among  those  interviewed  that  the  Cin- 
cinnati district  can  be  further  developed  as  a  pecan  market.  Cin- 
cinnati is  an  important  distributing  center  for  a  wide  territory,  and  a 
rapid  increase  in  the  quantity  of  pecans  handled  was  indicated  by 
reports  from  merchandizing  organizations. 

Buying  froni  shippers  direct  by  retailers  is  an  important  market 
factor  and  caused  many  wholesalers  or  jobbers  in  Cinncinati  not  to 
stock  pecans.  The  quantity  received  by  consumers  direct  from 
shippers  was  estimated  as  very  small.  Most  of  the  unshelled  pecans 
were  reported  as  coining  from  Georgia. 

Two  local  chains  of  grocery  stores  handled  pecans  in  all  of  their 
30  stores.  These  stores  averaged  175  poimds  per  store  of  unshelled 
pecans  during  the  season  to  January,  1929.  Twenty-seven  of  these 
stores  carried  one  grade  of  pecans  which  they  sold  at  49  cents  per 
pound.  Three  stores  carried  three  varieties  at  three  prices:  Schley 
at  80  cents  per  pound,  Stinirt  at  GO  cents,  and  Moneymaker  at  50 
cents.  These  sanu'  30  st(»r(>s  sold  an  average  of  about  365  ])ounds  of 
English  walnuts  per  store  for  the  season  to  January,  1929.  Only  3 
of  the  30  stores  sold  almonds; they  averaged  about  333  pounds  each. 

Three  stores  of  this  grouj)  handled  shellfMl  pecans  jind  sold  a  totnl  of 
3,500  pounds  for  I  he  soison.  Their  sales  of  walnut  kernels  totaled 
2,800  pounds,  and  of  shelled  almonds,  200  pounds. 
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In  a  canvass  of  39  stores  in  the  downtown  district  of  Cincinnati  in 
January,  1929,  includino;  stores  of  3  national  chains  and  2  local 
chains,  17  carried  pecans  in  some  form;  unshelled  pecans  were  found  in 
16  stores,  and  shelled  pecans  in  11  stores.  These  stores  all  catered  to 
customers  of  moderate  means. 

A  member  of  one  chain  of  5-and-lO-cent  stores  carried  pecans 
both  shelled  and  unshelled.  This  store  sold  GOO  pounds  of  unshelled 
pecans  during  November  and  December,  1928,  at  a  price  of  49  cents 
per  pound,  and  150  pounds  of  shelled  pecans  at  a  retail  price  of  $1.30 
per  pound.  It  stocks  shelled  pecans  from  October  to  April,  selling 
one-half  of  the  total  volume  during  November  and  December.  No 
department  stores  in  Cincinnati  reported  selling  pecans,  either  shelled 
or  unshelled.  One  chain  of  drug  stores  handles  unshelled  pecans, 
using  them  as  a  specialty  and  featuring  window  displays  in  volume. 
The  manager  stated  that  he  planned  to  handle  more  in  the  future. 
Various  soda  fountains  and  news  stands  carried  salted  pecan  halves  in 
small  packages  which  sold  at  10  cents  each. 

The  chain  stores  as  a  whole  are  probably  representative  of  all  the 
stores  in  Cincinnati,  but  the  ones  consulted  were  probably  above  the 
average  in  quantity  handled  when  all. stores  are  considered.  Most  of 
the  stores  consulted  were  those  catering  to  people  of  moderate  to 
liberal  means. 

Retail  grocery  stores  had  pecans  on  sale  over  varying  periods, 
ranging  from  two  months  to  all  year.  Drug  stores  handled  them  only 
during  the  holiday  season.  The  5-and-lO-cent  store  interviewed 
reported  all  its  sales  as  occurring  during  November  and  December. 

Shelled  pecans  were  carried  all  year  by  most  of  the  stores  handling 
them.  The  soda  fountains  reported  a  light  all-year  business;  the 
5-and-lO-cent  stores  reported  sales  from  October  to  April. 

Retailers  are  divided  in  opinion  as  to  the  most  suitable  size  of  pack- 
age for  pecans,  although  the  majority  favor  the  50-pound  box.  Two 
stated  that  100-pound  sacks  are  satisfactory.  A  local  chain-store 
manager  said  that  a  10-pound  package  would  be  most  suitable  for  his 
needs  if  a  package  smaller  than  100  pounds  were  used,  otherwise  he 
would  prefer  a  100-pound  sack  or  a  180-pound  barrel.  For  shelled 
pecans,  all  preferred  a  bulk  package,  several  specifying  a  50-pound 
package  containing  ten  5-pound  cartons. 

It  appears  that  the  customer  prefers  to  buy  from  bulk,  both  shelled 
and  unshelled  stock.  One  man  reported  success  with  a  1-pound  cloth 
bag  of  unshelled  pecans  but  stated  that  he  found  it  necessary  to 
keep  one  or  two  open  to  allow  examination  by  customers. 

There  was  no  agreement  as  to  whether  the  demand  is  increasing 
more  rapidl}^  for  shelled  than  for  unshelled  pecans.  The  manager 
of  the  drug-store  chain,  (who  handled  only  unshelled  stock)  reported 
his  belief  that  the  demand  for  unshelled  pecans  was  increasing  more 
rapidly.  The  official  of  the  5-and-lO-cent  store,  who  handled  both, 
stated  that  shelled  pecans  were  being  favored.  One  local  chain- 
grocery  manager  who  handles  a  large  volume  thought  the  demand  for 
shelled  stock  was  increasing  more  rapidly.  The  buyer  for  a  large 
chain  with  stores  outside  Cincinnati  as  well  as  in  the  city  said  the 
demand  for  unshelled  pecans  was  leading  by  a  narrow  margin. 

There  were  a  number  of  complaints  regarding  poorly  filled  nuts,  and 
one  complaint  of  rancid  pecans  in  the  shell. 

That  chain  stores  carry  pecans  and  that  local  drug  stores  make 
displays  with  prices  posted  doubtless  have  had  their  effect  in  stabilizing 
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retail  prices  of  imshelled  pecans.  Shelled  pecans  showed  a  rather  wide 
range  in  price  for  the  same  quality,  selling  from  90  cents  to  as  high  as 
$1.50  a  pound. 

All  local  store  managers  stated  that  advertising  would  help  increase 
consumption;  one  suggested  that  advertising  in  local  newspapers  and 
offering  recipe  books  to  customers  would  help.  On  the  whole,  the 
storekeepers  appeared  doubtful  of  the  value  of  recipe  pamphlets. 

CHICAGO,    ILL. 

Chicago  is  one  of  the  most  important  pecan  markets.  Brokers 
estimated  that  about  1,000,000  pounds  of  improved  varieties  of 
unshelled  pecans  came  into  the  Chicago  district  during  the  1928-29 
season.  It  was  estimated  that  more  than  200,000  pounds,  including 
some  seedling  stock,  came  into  the  South  Water  fruit  and  vegetable 
market  on  consignment.  Those  well  acquainted  with  the  industry 
expressed  the  belief  that  there  is  abimdant  opportunity  for  develop- 
ing and  increasing  pecan  consumption  in  the  Chicago  district. 

^luch  of  the  pecan  distribution  in  Chicago  is  handled  through 
brokers,  although  some  large  users  buy  direct  from  shippers.  Parcel- 
post  and  small  freight  or  express  shipments  to  retailers  and  consumers 
form  a  considerable  item. 

The  majority  of  the  retail  stores  in  Chicago  handled  some  unshelled 
pecans  in  the  1928-29  season,  but  stores  in  the  poorer  sections  were 
visited  which  did  not  handle  them  at  any  time  diu-ing  the  year. 
Most  of  the  retail  stores  handled  shelled  pecans.  Intelligent  opinion 
was  that  many  stores  in  the  small  towns  in  the  Chicago  district  do 
not  carry  unshelled  pecans  even  during  the  holidays. 

A  large  chain-grocery  organization  with  stores  in  and  around 
Chicago  reported  an  average  sale  of  about  50  pounds  of  improved 
varieties  of  unshelled  pecans  per  store  during  the  1928  season  and 
about  65  to  75  pounds  of  kernels  per  store.  The  unshelled  nuts  were 
on  sale  only  from  the  middle  of  November  until  after  the  holidays. 
The  buyer  for  this  concern  thought  it  best  to  emphasize  nuts  during 
this  period  and  not  carry  them  through  a  long  season.  He  believed, 
however,  that  a  limited  quantity  might  be  carried  over  in  cold  storage 
to  advantage  and  put  on  the  market  earlier  than  usual  in  the  fall. 
Most  stores  of  this  chain  handled  some  pecans  both  in  the  shell  and 
shelled.     The  shelled  pecans  were  sold  during  the  entire  year. 

Walnuts  are  sold  in  much  larger  quantities  than  are  pecans,  and 
more  almonds  are  sold  than  pecans.  If  prices  of  pecans  were  more 
nearly  on  a  parity  with  prices  of  these  nuts,  most  handlers  think  the 
demand  would  at  least  equal  the  demand  for  these  other  nuts. 

Some  retail  prices  observed  in  March,  1929,  in  Chicago,  were  40  to 
45  cents  per  pound  for  improved  varieties  other  than  Schle}^  and  59 
cents  per  poimd  for  Schley.  Earlier  in  the  season  prices  were  some- 
what higher.  Fanry  ])ecan  halves  from  improved  varieties  were 
retailing  in  March  from  $1  to  $1.98  per  pound.  Seedling  halves 
could  be  bought  at  retail  for  85  cents  to  $1.10  per  pound. 

There  was  a  considerable  quantity  of  spotted  and  poorly  lilled  stock 
on  the  Chicago  jnarket  from  the  1928  crop.  Dealers  said  that  it 
would  benefit  the  industry  to  have  pecan  grades  defined  by  the 
Department  of  Agriculture  and  used  by  the  trade.     The  large  quantity 
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of  pecans  coming  into  the  market  on  consignment  and  often  sold  at 
reduced  prices  was  pointed  out  as  a  weakness  in  tlie  pecan-marketing 
situation. 

Large  quantities  of  seedling  pecans  are  shelled  in  Chicago 

ST.    LOUIS,    MO. 

St.  Louis  is  recognized  as  one  of  the  greatest  pecan  centers  in  the 
world.  Several  of  the  largest  shellers  in  the  industry  are  located 
there.  The  pecan  is  by  far  the  most  popular  and  best  known  nut  in 
this  trade  district,  and  practically  all  dealers  and  retailers  believe 
that  the  quantity  used  will  continue  to  increase.  Considerable 
quantities  of  unshelled  seedlings  and  of  improved  varieties  are  retailed, 
but  the  improved  varieties  are  gradually  replacing  the  seedlings. 
Probably  more  shelled  pecans  are  sold  at  retail  in  St.  Louis  than 
pecans  in  the  shell.  Commission  merchants  receive  a  considerable 
quantity  of  unshelled  pecans. 

Many  of  the  improved  pecans  come  mto  St.  Louis  in  1.  c.  1.  freight 
lots,  although  some  car  lots  are  received.  It  was  generally  thought 
that  the  parcel  post  and  small  express  business  in  this  district  was  not 
large  enough  to  figure  much  in  the  marketing  situation. 

Practically  every  retail  grocery  store  in  St.  Louis  carries  unshelled 
pecans  during  the  holiday  season  and  many  carry  them  dui-ing  the 
winter  months.  Few  Schley  pecans  are  used.  It  was  stated  that 
the  small  towns  in  the  St.  Louis  neighborhood  still  use  seedlings 
chiefly.  JMost  stores  carry  shelled  pecans  the  year  round.  They  are 
usually  put  up  in  5-pound  cartons  and  sold  loose.  Chain  and  uide- 
pendent  store  managers  representing  1,200  to  1,300  units  in  and 
around  St.  Louis  stated  that  practically  aU  stores  handle  pecans. 
Reports  from  certain  groups  of  chain  stores  indicated  average  sales 
for  the  season  of  about  30  pounds  of  unshelled  pecans  per  store  and 
about  60  pounds  of  shelled  pecans.  Perhaps  80  per  cent  of  the  pecans 
in  the  shell  and  50  to  60  per  cent  of  the  shelled  pecans  retailed  in  this 
district  were  sold  during  the  fall.  One  important  nut  retail  store  in 
St.  Louis  sold  15,000  to  20,000  pounds  of  improved  varieties  of  pecans 
during  the  1928  season.  This  illustrates  what  can  be  accomplished 
by  specializing,  and  by  bulk  display.  The  manager  of  this  store 
stated  that  it  does  not  pay  to  operate  the  year  round  as  the  natm-al 
season  for  nuts  is  limited  to  the  fall  and  winter  months.  Some  of  the 
drug  stores  and  department  stores  handle  pecans. 

Retad  prices  in  St.  Louis  for  Stuart  and  other  improved  varieties, 
(except  Schley)  ranged  mostly  from  39  to  49  cents  per  pound  for  the 
1928  crop.  Seedling  halves  retailed  mostly  at  69  to  75  cents  in  the 
spring  of  1929.  In  March,  1929,  retail  prices  observed  in  a  nut 
specialty  shop  were  as  follows:  Pecans  in  the  shell  (large  Schley),  75 
cents  per  pound;  English  walnuts,  40  cents;  almonds,  30  cents; 
Brazil  nuts,  35  cents;  filberts,  30  cents.  For  shelled  nuts  the  prices 
were:  Pecans  (seedling  halves),  75  cents  per  pound;  pieces,  70  cents; 
large  salted  and  roasted  pecan  halves,  $1.25;  English  walnuts,  95 
cents;  almonds,  75  cents;  almonds  (salted),  $1.25;  Brazil  nuts,  95 
cents;  black  walnuts,  95  cents. 

Sojne  dealers  expressed  dissatisfaction  with  the  grading  of  pecans. 
They  stated  that  many  poorly  filled  nuts  of  certain  varieties  are 
received.  Miscellaneous  consignments  and  sales  by  small  shippers 
and  growers  were  mentioned  as  factors  that  often  weaken  the  market- 
ing situation. 
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CHAIN-STORE  AND  CONSUMER  SURVEY  BY  MAILED 
QUESTIONNAIRES 

To  ascertain  conditions  existing  in  the  retail  trade  and  the  retailers' 
opinions  regarding  marketing  pecans  and  other  nuts,  and  as  a  check 
against  information  obtained  by  interviews  with  retailers,  question- 
naires were  mailed  to  local  chain-grocery  stores  or  branches  of  national 
chains  in  cities  in  all  sections  of  the  country.  Replies  covering  all  or 
part  of  the  questions  were  received  from  73  organizations  representing 
9,325  stores. 

To  ascertain  the  consumers'  preferences,  the  uses  made  of  pecans 
and  other  nuts,  prices  paid,  and  other  pertinent  information,  ques- 
tionnaires were  mailed  out  to  6,000  persons  whose  names  were 
obtained  from  directories  in  about  60  cities  of  various  sizes  throughout 
the  United  States.  Only  about  350  rephes  were  received  from  this 
inquiry,  but  the  answers  to  most  of  the  questions  were  in  close 
agreement,  so  it  is  believed  the  results  give  a  fair  picture  of  certain 
phases  of  pecan  marketing  from  the  consumers'  point  of  view.  It  is 
probable  that  many  of  those  who  failed  to  answer  the  consumers' 
questionnaire  were  those  who  were  not  very  familiar  with  pecans  or 
other  nuts.  Those  who  rephed  probably  used  more  than  the  average 
quantity. 

Information  regarding  retail  prices,  period  during  wliich  nuts  are 
on  sale,  and  other  phases  of  marketmg  was  also  obtained  through 
these  mail  inquiries  from  the  chain  stores  and  the  consumers.  The 
repUes  to  chain-store  and  consumer  questionnaires  will  be  discussed 
separately.  The  rephes  to  some  questions  were  tabulated  by  geo- 
graphical sections  to  indicate  differences  that  may  exist  in  different 
sections  of  the  country. 

RESULTS  OF  CHAIN-STORE  SURVEY  BY  MAIL 

In  answer  to  the  question  as  to  whether  there  was  any  pronounced 
upward  trend  in  pecan  consumption  among  their  customers,  45 
chain-store  organizations  replied  that  there  was,  and  17  that  there 
was  not.  Fifty-one  chain-store  organizations  stated  that  pecan  con- 
sumption per  capita  was  decidedly  liigher  in  the  wealthy  districts  of 
their  cities  than  in  the  poorer  districts.    Seven  stated  that  it  was  not. 

As  to  the  method  used  in  purchasing  pecans,  34  chain-store  organ- 
izations reported  that  they  usually  bought  in  1.  c.  1.  lots  f.  o.  b.  sliip- 
ping  points;  19  reported  that  they  bought  in  1.  c.  1.  lots  on  a  delivered 
basis;  whereas  9  reported  car-lot  purchases  either  f.  o.  b.  or  delivered. 

Of  those  answering  the  question  as  to  size  and  tyi)e  of  package  pre- 
ferred, 9  favored  the  100-pound  bag;  12,  the  50-pound  box;  and  6, 
the  25-])ound  box. 

Preference  for  large-sized  pecans  was  expressed  by  29  chain  organ- 
izations compared  with  18  that  prefer  medium-sized  pecans.  Prefer- 
ence for  cartons  as  a  container  for  pecan  kernels  was  expressed  by  12 
organizations,  compared  with  14  preferring  tins,  and  4  preferring 
glass  jars. 

Thirty-nine  chain  organizations  believed  the  demand  was  increasing 
more  rapidly  for  shelled  than  for  unshelled  i)ecans;  16  believed  it 
was  not. 

Reporting  tlie  composition  of  mixed  nuts  they  handled,  23  out  of  32 
chain-storc"  lirnis  stated  that  pecans  were  im'lud(Hl. 
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In  response  to  requests  for  comments  on  marketing  pecans  and  other 
nuts  with  suggestions  for  improvement,  7  replies  from  chain  stores 
suggested  advertising  as  a  method  of  increasing  sales;  10  suggested 
improvement  in  grading  practices ;  2  suggested  lengthening  the  selling 
season;  and  3  expressed  the  opinion  that  the  price  level  has  been  too 
liigh. 

An  average  of  the  poundage  handled  per  store  of  various  nuts  in 
the  shell,  reported  by  chain  stores  during  the  1928  season,  was  obtained. 
These  averages  were  computed  by  dividing  the  poundage  reported  for 
each  kind  of  nut  by  the  number  of  stores  handling  that  particular 
kind.  The  averages  were  as  follows:  Improved  varieties  of  pecans, 
50  pounds;  almonds,  118  pounds;  English  walnuts,  322  pounds; 
filberts,  67  pounds;  Brazil  nuts,  140  pounds;  mixed  nuts,  149  pounds. 
(Table  55.)  There  was  considerable  variation  in  the  quantity  re- 
])orted  per  store  in  various  geograplucal  areas.  For  example,  in  the 
South  Atlantic  States  the  average  per  store  was  87  pounds  of  improved 
pecans,  whereas  in  the  far  Western  States  the  average  reported  was 
28  pounds.  If  all  chain  stores,  including  those  which  did  not  handle 
these  nuts,  were  included,  the  average  poundage  of  each  kind  of  nut 
per  store  would  be  considerably  less  than  here  indicated.  A  few 
stores  reported  sales  of  more  than  1,500  pounds  of  improved  pecans 
per  store. 

Table  55. — Average  quantity  of  specified  kinds  of  unshelled  nuts  reported  sold  by 

each  chain  store  during  the  season,  1928 


Region  from  which  reports  were  received  ' 

Pecans 

(im- 
proved 
varieties) 

Almonds 

English 
walnuts 

Filberts 

Brazil 
nuts 

Mixed 
nuts 

North  Atlantic 

Pounds 
51 
48 
87 
36 
28 

Pounds 

63 

92 

131 

164 

141 

Pounds 
354 
280 
315 
192 
467 

Pounds 
56 
71 
59 
63 
87 

Pounds 
102 
105 

127 
114 
250 

Pounds 
126 

North  Central                        

162 

South  Atlantic . 

166 

South  Central .-- 

213 

Far  Western                           

77 

Average ..    .         

50 

118 

322 

67 

140 

149 

1  The  States  from  which  replies  were  received  as  grouped  in  this  and  other  tables  relating  to  chain-store 
and  consumers'  questionnaires  are  as  follows:  North  Atlantic — Maine,  New  Hampshire,  Vermont,  Mas- 
sachusetts, Rhode  Island,  Connecticut,  New  York,  New  Jersey,  Pennsylvania;  North  Central — Ohio, 
Indiana,  Illinois,  Michigan,  M'isconsin,  Minnesota,  North  Dakota,  South  Dakota,  Iowa,  Nebraska, 
Missouri,  Kansas;  South  Atlantic — Maryland,  District  of  Columbia,  Virginia,  West  Virginia,  North 
Carolina,  South  Carolina,  Georgia,  Florida;  South  Central— Kentucky,  Tennessee,  Alabama,  Mississippi, 
Arkansas,  Louisiana,  Oklahoma,  Texas;  far  Western — Montana,  Wyoming,  Idaho,  Colorado,  Utah, 
Nevada,  New  Mexico,  Arizona,  AVashington,  Oregon,  California. 

The  period  during  wliich  nuts  are  offered  for  sale  during  the  season 
is  an  important  factor  in  marketing.  Reports  from  chain  stores 
indicated  that  83  per  cent  of  the  season's  sales  of  improved  pecans 
and  86  per  cent  of  the  unshelled  seedlings  were  sold  during  October, 
November,  and  December,  whereas  only  56  per  cent  of  the  shelled 
stock  was  sold  during  these  months.  (Table  56.)  For  certain  other 
unshelled  nuts  the  percentages  sold  during  these  months  w^ere  reported 
as  follows:  Almonds,  89  per  cent;  English  walnuts,  80  per  cent; 
filberts,  92  per  cent;  Brazil  nuts,  90  per  cent;  mixed  nuts,  96  per  cent. 
For  shelled  almonds  the  percentage  reported  as  sold  during  these 
months  was  64,  and  for  English  walnuts  57. 
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Table  56.— Average  quaniily  of  specified  nuts  reported  sold  by  chain  stores  during 
October,  November,  and  December,  1928,  as  a  percentage  of  the  season's  sales 


Classification  of  nuts 

Pecans 

(im- 
proved) 

Pecans 
(seedling) 

Almonds 

English 
walnuts 

Filberts 

Brazil 
nuts 

Mixed 
nuts 

Unshelled . 

Per  cent 
S3 

Per  cent 

86 
56 

Per  cent 

89 
64 

Per  cent 
80 

57 

Per  cent 
92 

Per  cent 
90 

Per  cent 
96 

Shelled 

It  is  evident  that  most  of  the  sales  of  unshelled  nuts  are  made 
during  the  late  fall.  For  pecans  the  greater  ])art  of  the  year's  sales 
are  made  during  the  six  weeks  from  the  middle  of  November  to  the 
end  of  the  year.  Sales  of  shelled  nuts  are  distributed  to  a  larger 
extent  over  the  whole  year.  Tliis  fact  M-ould  lend  some  weight  to 
the  argument  that  more  of  the  improved  varieties  shoidd  be  marketed 
as  shelled  nuts. 

Retail  prices  during  the  1928  season  for  pecans  and  certain  other 
nuts  in  the  shell  as  reported  by  chain  stores  were  tabulated  by  geo- 
gi-apliic  regions,  and  averages  of  these  regional  prices  were  also 
obtained.  Variations  in  prices  among  the  different  regions  were  not 
large,  as  shown  in  Table  57.  The  figures  indicate  that  improved 
pecans  sold  about  20  cents  per  pound  higher  than  walnuts  and  almonds 
in  chain  stores.     Seedhngs  sold  considerably  below  these  other  nuts. 

Table  57. — Average  retail  price  per  pound,  of  specified  unshelled  nuts,  as  reported 

by  chain  stores,  1928  season 


Region  from  which  reports  were 
received 

Pecans 

Almonds 

English 
walnuts 

Filberts 

Brazil 
nuts 

Mixed 
nuts 

Improved 

varieties 

Seedlings 

North  Atlantic 

Cents 
54 
51 
48 
53 
52 

Cents 
26 
22 

25 
21 
28 

Cents 
34 
29 

Cents 
35 
34 

Cents 
24 
24 
25 
22 
24 

Cents 
28 
27 
27 
27 
27 

Cents 
29 

North  Central...  .- 

26 

South  Atlantic 

34                35 
28                32 
30                 30 

28 

South  Central.. 

25 

Far  Western 

30 

Average 

52 

24 

31 

33 

24 

27 

28 

RESULTS  OF  CONSUMER  SURVEY  BY  MAIL 

To  ascertain  the  trend  in  the  use  of  pecans,  consumei-s  were  asked 
if  their  families  used  more  pecans  during  the  192S  season  than  four 
or  five  yeai-s  previous:  206  replied  "yes,"  and  128  "no."  (Table  58.) 
In  all  sections  of  the  country  except  the  far  West  an  increased  con- 
sumption was  indicated.  In  the  far  West  those  answering  in  the  allirm- 
ative  and  the  negative  to  this  question  were  about  equally  divided. 
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Table  58. — Consumers'  replies  as  to  ivhether  their  families  used  m,ore  pecans  in  the 
1928—29  season  than  Jour  or  five  years  previous 


Eegion  from  which  replies  were  received 


North  Atlantic- 
North  Central. - 
South  Atlantic-- 
South  Central--- 
Far  Western 

All  regions 


Number  answer- 
ing— 


Yes 

No 

53 

34 

60 

41 

37 

13 

34 

17 

22 

23 

200 


128 


Consumers  were  asked  whether  tliey  preferred  to  ])uy  nuts  in  the 
shell  or  shelled.  The  majority  preferred  to  buy  them  in  the  shell. 
(Table  59.)  Preference  for  unshelled  nuts  was  indicated  in  each 
region.  The  principal  reasons  mentioned  by  consumers  who  pre- 
ferred to  buy  nuts  in  the  shell  were:  They  are  fresher  and  have 
better  flavor;  they  are  more  sanitary;  they  will  keep  better;  they  are 
more  desirable  for  table  use.  The  chief  reasons  advanced  by  those 
who  favored  buying  shelled  nuts  were:  It  is  more  convenient  and 
saves  the  trouble  of  cracking  and  extracting  the  kernels;  the  pur- 
chaser can  see  the  kernels  and  is  better  able  to  judge  the  quality; 
more  perfect  kernels  can  be  obtained,  as  many  kernels  break  when 
the  nuts  are  cracked  at  home ;  waste  due  to  defective  nuts  and  parts  of 
kernels  remaining  in  the  shell  is  eliminated  when  shelled  nuts  are 
purchased.  "It  is  more  economical"  was  given  as  a  reason  by  both 
those  who  preferred  nuts  in  the  shell  and  those  who  preferred  shelled 
nuts. 


Table  59. — Consumers^  reported  preference  for  shelled  or  unshelled  nuts 


Region  from  which  replies  were  received 


Number  expressing 
preference  for  nuts— 


Unshelled    Shelled 


North  Atlantic. - 
North  Central-. 
South  Atlantic- - 
South  Central--- 
Far  Western 

All  regions 


Consumers  were  asked  to  name,  in  order  of  importance,  the  ways 
in  wliich  they  used  pecans  and  almonds.  This  question  was  not  asked 
separately  for  nuts  in  the  shell  and  shelled.  One  hundred  and 
seventeen  stated  that  "out  of  hand"  was  of  first  importance;  60 
mentioned  use  in  desserts;  59,  baking  purposes;  and  59,  use  in  salads. 
(Table  60.)  "Use  in  salads"  received  the  highest  number  of  votes 
for  both  second  and  third  choice.  An  important  home  use  of  nuts 
is  in  candy  making,  which  some  probably  classed  with  "baking 
purposes"  in  replying  to  this  questionnaire. 

125625°— 32 6 
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Table   60. —  Uses  of  pecans  and  almonds  as  reported  by  consumers  in  order  of 

importance 


Number  reporting  uses  of  pecans  and  almonds  ' 

Order  of  importance 

Pecans 

Almonds 

Desserts 

Baking 
purposes 

Salads 

Out  of 
hand 

Desserts 

Baking 
purposes 

Salads 

Out  of 
hand 

First 

60 

54 
39 

59 
67 
23 

59 

81 
58 

117 
40 

38 

29 
32 
20 

45 
40 

13 

2n 
41 

2.i 

116 
27 

Second-  .      .-. 

Third. 

16 

•  A  considerable  number  mentioned  that  they  used  nuts  in  making  candy.    Some  probably  included 
this  use  under  "baking  purposes." 

To  learn  something  about  the  time  of  year  consumers  buy  nuts, 
the  question  was  asked  as  to  whether  they  purchased  nuts  at  any 
time  except  during  October,  November,  and  December.  This  ques- 
tion was  asked  separately  for  nuts  in  the  shell  and  shelled.  As  an 
average  for  all  regions  39  per  cent  stated  that  they  buy  unshelled 
nuts  only  during  these  three  months;  29  per  cent  stated  that  they 
buy  shelled  nuts  only  during  these  months.  (Table  61.)  A  large 
part  of  the  nuts  pass  into  consumption  during  these  months  as  shown 
by  reports  from  the  wholesale  and  retail  trade,  but  these  consumer 
replies  indicate  that  there  is  a  considerable  demand  for  nuts  in  other 
months.  It  is  probable  that  this  "off  season"  demand  could  be 
developed  further.  It  should  be  kept  in  mind  that  the  consumers 
replying  to  this  questionnaire  are  larger  users  of  nuts  and  probably 
use  them  over  a  longer  season  than  does  the  average  family. 

Table  61. — Percentage  of  consumers  stating  that  they  buy  nuts  only  during  October, 

November,  and  December  ' 


Region  from  which  replies  were  received 

Unshelled 

Phelled 

North  Atlantic 

Per  cent 
31 
42 
31 
57 
37 

Per  cent 
2.") 

North  Central 

27 

South  Atlantic ... 

•{9 

Soutli  Central .... 

41 

Far  Western...  ..  .    . 

IS 

.\11  regions.. 

39 

29 

'  Tho  total  number  of  replies  was  327. 

To  gain  some  idea  of  consumers'  preferences  for  various  nuts  they 
were  asked  to  state  their  choice,  assuming  pecans,  almonds,  English 
walnuts,  filberts,  and  Brazil  nuts  sold  at  the  same  price.  These  replies 
indicate  that  the  ])ecan  is  highly  favored  among  nut  consumers. 
(Table  62.)  In  comparing  effective  demand,  the  higher  prices  which 
pecans  have  commanded  must  be  considered.  The  pecan  leads  in 
populnrity  l)y  a  wi(l(^  margin  in  the  regions  in  which  it  is  well  known 
as  tlic  South  Atlantic  and  South  Central  regions. 
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Table  62. — Consumers  reporting  first  choice  of  specified  nuts,  assuming  the  price  of 

all  kinds  to  be  the  same 


Number  reporting  as  first  choice 

Region  from  wliic!)  replies  were  received 

Pecans 

Almonds 

Enplish 
walnuts 

Filberls 

Brazil 
nuts 

North  Atlantic                           -       -  - 

Niniilier 
50 
63 
70 
20 

Number 
7 
9 
<) 

7 

Number 
26 
IS 
It 
17 

Nu  mber 

I 
1 
0 

1 

Number 
3 

North  Central . 

South  Atlantic  and  South  Central 

Far  ■\\'05tcrn - . 

10 
3 
2 

All  regions.. - -  ■ 

209 

32 

75 

3 

18 

Consumers  were  asked  to  report  the  average  prices  paid  during  the 
1928  season  for  pecans,  ahnonds,  and  EngKsh  walnuts,  both  in  the 
shell  and  shelled.  In  the  case  of  pecans,  some  purchases  of  seedling 
as  well  as  of  improved  varieties  were  probably  included  in  the  pur- 
chases on  which  prices  were  reported.  According  to  these  reports, 
consumers  of  unshelled  nuts  paid  about  12  cents  per  pound  more  for 
pecans  than  for  Enghsh  walnuts  in  the  1928  season.  In  the  South 
Central  region  a  comparatively  low  price  of  34  cents  per  pound  was 
reported  for  pecans.  In  this  region  relatively  large  quantities  of 
seedlings  are  used  which  would  lower  the  average  price  for  the  region. 
On  the  whole,  however,  the  price  variations  among  different  regions 
can  not  be  considered  as  large.     (Table  63.) 

Table  63. — -Average  purchase  price  per  pound  reported  by  consumers  during  1928 

crop  season 


Kegion  from  which  replies  were  received 

Pecans 

Almonds 

English  walnuts 

Unshelled 

Shelled 

Unshelled 

Shelled 

Unshelled 

Shelled 

North  Atlantic 

North  Central            . 

Cents 

50 
48 
48 
34 

Cents 

112 

96 

90 

88 

112 

Cents 
37 
33 
39 
34 
30 

Cents 

102 

83 

103 

91 

95 

Cent^ 
36 
37 
37 
33 
34 

Cents 
82 
80 

South  Atlantic --- 

South  Central 

Far  Western               .      .-  -. -- 

85 
82 
71 

Average 

47 

101 

3G 

95 

35 

80 

These  prices  are  in  fairly  close  agreement  with  the  retail  prices 
reported  by  chain  stores  (Table  57),  which  have  been  discussed.  The 
chain-store  report  showed  prices  of  52  cents  for  unshelled  improved 
pecans  and  24  cents  for  seedlings  as  compared  with  the  consumers' 
report  of  47  cents  for  all  purchases  including  both  improved  varieties 
and  seedlings.  The  chain-store  averages  were  33  cents  and  31  cents 
for  Enghsh  walnuts  and  almonds,  respectively,  compared  with  35 
cents  and  36  cents  reported  by  consumers.  This  may  indicate  that 
the  average  of  nut  retail  prices  for  all  stores  is  slightly  higher  than 
the  average  reported  by  chain  stores. 

The  average  price  of  shelled  pecans  was  reported  by  consumers  as 
$1.01  compared  with  80  cents  reported  for  Enghsh  walnuts  and  95 
cents  for  almonds.  On  account  of  the  various  containers  in  which 
nut  kernels  are  retailed  and  the  difficulty  of  converting  prices  paid 
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to  a  per-pound  basis,  it  is  likely  that  less  dependence  can  be  placed 
on  the  prices  reported  for  shelled  nuts  than  on  those  reported  for 
nuts  in  the  shell. 

As  a  means  of  learning  whether  pecans  and  almonds  were  generally 
available  to  consumers  they  were  asked  whether  the  grocery  store 
that  they  generally  patronized  carried  these  various  nuts  at  any  time 
during  the  1928  season.  (Table  64.)  The  replies  indicated  that  in 
the  cities  circularized  pecans  and  almonds  both  in  the  shell  and  shelled 
were  available  to  a  majority  of  city  consumers.  The  figures  do  not 
necessarily  mean  that  a  large  majority  of  grocery  stores  carried  pecans; 
only  one  store  out  of  several  in  a  community  may  have  carried  them. 
The  replies  may  not  be  representative  of  the  poorer  districts. 

Table  64. — Number  of  consumers  who  slated  ivhether  the  grocery  stores  they  generally 
patronized  sold  pecans  or  almonds  during  the  1928  crop  season,  and  whether  their 
purchases  of  mixed  nuts  included  pecans  in  the  mixture 


Number  reporting  that  their  grocery  stores,  during  the  1928  crop 
sjason,  did  or  did  not  sell- 

Nnmher  stating 
whether  mixed 
nuts  they  pur- 
chased con- 
tained Decans 

Region  from  which 
replies  were  received 

Pecans 

Almonds 

Unshelled 

Shelled 

Unshelled 

Shelled 

Yes 

No 

les 

No 

\es 

No 

Yes 

No 

Yes 

No 

North  Atlantic 

North  Central 

South  Atlantic 

South  Central 

Far  Western 

53 
S5 
47 
43 
34 

17 
5 
1 
2 
7 

47 
77 
37 
38 
27 

19 

10 

1 

3 

10 

59 
77 
44 
38 
40 

5 
3 
0 
4 

1 

44 
63 
34 
22 
29 

16 

13 

1 

9 

6 

49 
6'> 
27 
34 

15 
18 
10 
7 
11 

AH  regions.. 

2C2 

32 

22G 

43 

258 

13 

192 

45 

199 

r,i 

Pecans,  particularly  seedlings,  are  \ndely  used  in  mixed  nuts. 
About  three-fourths  of  the  consumers  who  reported  buying  mLxed 
nuts  stated  that  pecans  were  included  in  the  mixture,  and  the  other 
one-fourth  stated  that  pecans  were  not  included.     (Table  64.) 

To  determine  how  familiar  consumers  are  with  pecans  they  were 
asked  the  following  questions:  Do  you  know  where  pecans  are  grown? 
Do  you  know  by  name  any  of  the  larger  thin-shelled  varieties  of 
pecans?  Two  hundred  and  forty-one  persons  stated  that  they  knew 
whore  pecans  are  grown  compared  with  88  who  did  not.  Since  these 
replies  were  from  persons  who  were  sufficiently  interested  in  the  use 
of  nuts  to  fill  in  a  questionnaire  it  is  evident  that  if  the  entire  popula- 
tion were  considered  a  much  smaller  percentage  would  be  shown  to 
know  where  pecans  are  grown.  Two  hundred  and  forty-throe  per- 
sons stated  that  they  did  not  know  the  names  of  any  of  the  larger 
thin-shelled  varieties  of  pecans  as  compared  with  70  who  stated  that 
they  did. 

Throe  hundred  nnd  four  persons  answered  that  they  would  like  to 
receive  recipe  pampiilets  for  pecans,  almonds,  or  other  nuts  if  issued 
free  by  ship])ers  or  growers.  Twenty  replied  that  they  would  not  be 
interested  in  such  pam])lilots. 

Tiio  f|uostion  was  asked:  Do  you  ])ersonally  find  that  nuts  are 
a  iioiiltliful  food?  Of  those  replying,  97  per  cent  answered  in  the 
jiffirmative. 
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Consumers  were  asked  to  state  any  complaints  they  might  have 
as  to  the  quahty  of  pecans  or  ahnonds,  or  any  comments  regarding 
their  use  or  marketing.  Only  about  one-third  of  those  filling  in  the 
questionnaire  made  complaints  or  connnents  in  answer  to  this  in- 
quiry. Those  relating  to  pecans  included  the  following:  ''Too 
expensive";  "some  ofi'ered  for  sale  especially  in  mixed  nuts  are  too 
small  and  hard  shelled";  "pecans  are  sometimes  dry  and  of  inferior 
quality";  "old  dry  nuts  are  sometimes  mixed  with  new-crop  nuts"; 
"it  is  difficult  to  extract  kernels  of  some  varieties  without  loss"; 
"some  pecans  are  not  well  hlled  or  carefully  graded " ;  "high-quality 
pecans  are  not  easy  to  find";  "display  cases  in  some  stores  are  not 
dust  proof. " 

THE  SHELLING  INDUSTRY 

A  relatively  few  large  shellers  handle  most  of  the  crop.  Important 
shelling  centers  are  St.  Louis,  San  Antonio,  Chicago,  and  New 
Orleans.  Smaller  quantities  are  shelled  at  various  points  throughout 
this  area  and  the  Southeast. 

The  pecans  are  cracked  mechanically,  and  the  kernels  are  picked 
out  by  hand  in  the  shelling  plants.  The  kernels  are  often  classified 
according  to  the  approximate  number  of  halves  per  pound,  generally 
ranging  from  750  for  the  small  size  to  400  for  the  large,  -wdth  some 
very  large  ones  as  low  as  220  halves  per  pound.  The  pieces  of  kernels 
are  usually  sold  separately  from  the  halves.  Containers  in  which 
many  kernels  are  sold  include  barrels,  50-pound  boxes,  5-pound 
cartons,  8-ounce  cans,  3  to  4-ounce  cans.  The  small  cans  are  vacuum 
packed.     Some  glass  jars  are  used. 

The  poundage  of  unshelled  nuts  handled  in  the  1928  season  by  shellers 
replying  to  an  inquiry  by  the  Bureau  of  Agricultural  Economics 
totaled  about  4,000,000  pounds  which  probably  represents  less  than 
10  per  cent  of  the  total  quantity  shelled.  The  replies  received  indi- 
cate that  less  than  0.5  per  cent  of  the  pecans  shelled  by  these  firms 
were  improved  varieties.  A  few  nuts  were  cracked  but  not  shelled 
and  were  sold  to  the  retail  trade  in  this  way.  This  quantity  was  less 
than  1  per  cent  of  the  total.  According  to  the  reports  the  kernels 
obtained  in  shelling  averaged  38.8  per  cent  of  the  unshelled  poundage. 
Of  the  shelled  stock  66.4  per  cent  was  halves,  and  33.6  per  cent 
pieces.  Average  wholesale  prices  reported  by  shellers  for  various 
sizes  of  kernel  halves  for  the  1928  season  were  as  follows:  750's, 
52.5  cents;  600's,  56.4  cents;  500's,  57.8  cents;  400's,  59.3  cents; 
pieces,  51.7  cents. 

Large  quantities  of  pecan  kernels  are  sold  to  confectioners.  They 
are  also  used  b}"  the  baking  trade,  ice-cream  trade,  and  salters. 
Wholesale  grocers  and  chain  stores  take  large  quantities  for  distribu- 
tion through  the  retail  stores. 

COMPETITION  OF  PECANS  WITH  OTHER  NUTS 

Some  of  the  nuts  that  compete  with  pecans  on  the  markets  are 
English  walnuts,  almonds,  Brazil  nuts,  filberts,  peanuts,  chestnuts, 
and  black  walnuts.  A  number  of  other  nuts  (mostly  imported)  are 
of  considerable  importance. 

For  the  6-year  period  1924-1929,  the  United  States  annual  pro- 
duction of  English  walnuts  averaged  about  64,000,000  pounds, 
compared  with  about  21,000,000  pounds  of  almonds,  and  about 
56,000,000  pounds  of  pecans  including  both  improved  varieties  and 
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seedlings.  During  this  period  peanut  production  in  the  United 
States  (including  only  nuts  which  were  gathered)  averaged  about 
792,000,000  pounds.  Considerable  quantities  of  these  peanuts  do 
not  reach  nut  consumers. 

Average  annual  imports  of  certain  nuts  for  the  6-season  period 
ended  June  30,  1930,  in  round  numbers  were  as  follows:  Brazil  nuts, 
30,000,000  pounds;  **  chestnuts,  21,000,000  pounds;  EngHsh  walnuts, 
unshelled,  19,000,000  pounds;  shelled,  20,000,000  pounds;  almonds, 
unshelled,  3,000,000  pounds;  shelled,  18,000,000  pounds;  filberts, 
unshelled,  10,000,000  pounds;  shelled,  5,000,000  pounds.  The  imports 
of  pecans,  which  originate  in  Mexico,  averaged  less  than  1,000,000 
pounds.  Most  of  these  were  unshelled  and  were  of  the  small  native 
seedling  tvpe.  During  this  period  the  pecan  imports  ranged  between 
2,900,000^  pounds  for  the  year  ended  June  30,  1925.  and  124,000 
pounds  for  the  year  ended  June  30,  1930. 

Pecans  now  form  a  relatively  small  portion  of  the  total  quantity 
of  nuts  consumed  in  the  United  States.  The  approximate  supply  of 
certain  nuts  per  capita  population  of  the  United  States  is  shown  in 
Table  65.  In  preparing  tliis  table  production  and  foreign  trade  have 
been  considered,  but  carry-over  has  been  ignored.  Shelled  nuts  have 
been  converted  to  the  unshelled  basis.  For  the  five  years  ended 
June  30,  1929,  the  total  supply  of  peanuts  including  some  used  for 
purposes  other  than  human  food  has  averaged  about  7  pounds  per 
capita  for  tliis  period.  For  the  last  5-year  period  ended  in  1929  the 
per  capita  supply  of  almonds,  Brazil  nuts,  filberts,  and  foreign  chest- 
nuts has  shown  some  decrease  from  the  previous  5-year  period.  The 
per  capita  supply  of  English  walnuts  has  increased  slightly. 

Table  65. — Annual  per  capita  supply  of  specified  nuts  {unshelled  basis)  in  the  United 

States,  1899-1900  to  1929-30 


Period 

Pecans 

Almonds 

English 
walnuts 

Brazil 
nuts 

Filberts 

Chest- 
nuts 

Total 

Average: 

1899-1900  to  1903-04 

Pounds 

C) 

(-') 
0.37 
.49 
.65 
.11 
.43 
.13 
.51 
.35 
.44 
.80 
.29 
.56 
.40 

Pounds 
0.30 
.52 
.87 
.73 
1.02 
.59 
.96 
.88 
.90 
.79 
.69 
.72 
.71 
.74 
.62 

Pounds 
0.41 

.71 
1.00 
l.OS 
1.17 

.73 
1.11 
1.03 

.  99 
1.14 
1.26 

.89 
1.26 

.91 
1.04 

Pom  nds 
0.15 
.20 
.33 
.26 
.23 
.34 
.35 
.35 
.39 
.28 
.25 
.36 
.11 
.31 
.21 

Pounds 
0.10 
.14 
.25 
.20 
.33 
.15 
.24 
.25 
.26 
.16 
.22 
.18 
.22 
.20 
.13 

Pounds 

Pounds 

1909-10  to  1913-14 

0.13 

.19 
.19 
.12 
.21 
.20 
.18 
.24 
.25 
.20 
.22 
.09 
.17 
.14 

1919-20  to  1923-24 

3.01 

1924-25  to  1928-29.       .   _ 

2.95 

1919-20 

3.52 

1920-21                -  . 

2.  13 

1921-22 

3.29 

1922-23 

2.82 

1923-24 

3.29 

19:?4-25 

2.97 

1925-26 .- 

3.06 

1926-27 

3.17 

1927-28 

2.68 

1928-29 

2.89 

19a»-30 

2.54 

Division  of  Statistical  and  Historical  Research. 

Note. — In  preparing  this  table,  i)ro(luction,  imports,  and  exports  were  considered  but  carry-over  was 
not  considered.  Iinjiorts  of  shelled  nuts  were  convprted  to  the  luishclled  basis  using  the  following  factors: 
English  walnuts,  42  t>er  cent;  alnioiids.  30  per  cent;  filberts,  45  |)er  cent.  The  year  extends  from  July  1 
to  June  30.  Domestic  production  of  chestnuts  is  not  included  as  figures  are  not  available.  The  total 
supitly  of  [jcanuts,  including  imports,  has  averaged  6.97  pounds  per  cajiita  during  the  .Vyear  period  1924-25 
to  1928-29.  This  does  not  mean  that  6.97  pounds  per  capita  wert^  used  for  human  food  as  some  jieanuts 
were  used  for  other  purpo.ses.  For  detailed  statistics  on  exports  and  im|>orts  of  various  nuts,  those  interested 
are  referred  to  the  following:  (liUK.s,  (\  (}.  KOUEUiN  tkade  of  the  united  states,  annual,  17>)0-I9a9. 
nuts;  dome.stic  extorts,  i.vh'okts,  itEExroitTs  and  net  balance,  cjuantity  and  v\lue.  U.  S.  Dept. 
Agr.,  Bur.  Agr.  Econ.  Kpt.  F.  S.  51,  35  p.,  illus.    1930.    [Mimeographed.] 

»  Not  available. 

'  During  the  year  H)2.'^29,  more  than  l.OOO.OOO  pounds  and  in  1929-30  more  than  4,000.000  pounds  of  shelled 
Brazil  nuts  were  imported  and  are  include.,  in  obtaining  the  average  shown. 
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Various  factors  may  influence  the  situation  with  respect  to  com- 
petition among  pecans  and  other  nuts  but  the  future  position  of  the 
pecan  in  the  American  markets  appears  to  be  good. 

SUMMARY 

Pecan  trees  are  native  to  the  South  Central  States.  They  are 
found  growing  abundantly  in  the  alluvial  flood  plains  and  delta  lands 
of  the  lower  Mississippi  and  its  tributaries  and  along  the  courses  of 
all  of  the  west  Gulf  rivers.  Wild  trees  are  found  as  far  north  as  the 
lower  Ohio  and  Missouri  Rivers,  westward  to  the  margin  of  the  high- 
lands of  western  Oklahoma  and  Texas,  and  southward  far  into  Mexico. 
Plantings  of  improved  varieties  of  pecans  have  been  made  on  a  large 
scale  throughout  the  east  Gulf  and  South  Atlantic  coastal  plains,  a 
large  portion  of  these  being  in  commercial  orchards  containing  thou- 
sands of  trees  each.  Trees  of  improved  varieties  are  now  being 
planted  extensively  in  the  native  pecan  belt  where  many  of  the  wild 
seedling  trees  are  being  to{)-worked  with  scions  from  improved 
varieties. 

Total  production  of  pecans  from  1919  to  1931  has  ranged  from 
10,000,000  to  94,000,000  pounds.  Production  of  improved  varieties, 
coming  mostly  from  planted  trees  in  the  Southeastern  States,  has 
ranged  from  2,000,000  to  20,000,000  pounds.  Nuts  from  seedlmg  and 
wild  trees  come  mostly  from  the  States  west  of  the  Mississippi,  and 
production  has  ranged  from  8,000,000  to  77,000,000  pounds.  The 
eastern  pecan  States  have  produced  85  per  cent  or  more  of  the  im- 
proved varieties  each  year  since  1919.  Georgia  frequently  suppHes 
about  two-fifths  of  the  improved  varieties.  Texas  and  Oklahoma 
together  usually  produce  from  a  half  to  four-fifths  of  the  seedling 
nuts.  Texas  produces  usually  from  a  fourth  to  a  half  of  the  total 
United  States  crop  of  pecans. 

The  estimated  total  number  of  pecan  trees  in  1929  was  about 
18,500,000,  of  which  more  than  10,000,000  were  seedling  and  almost 
8,000,000  were  unproved  types.  Of  the  seedling  type  about  three- 
fourths  were  of  bearing  age.  For  most  improved  varieties,  trees  over 
10  years  old  are  considered  of  bearing  age.  Of  the  improved  trees 
about  36  per  cent  were  10  years  old  or  over  in  1929,  22  per  cent  were 
from  5  to  9  years  old,  and  about  42  per  cent  under  5  years. 

The  most  popular  improved  variety  appears  to  be  the  Stuart,  rep- 
resenting about  30  per  cent  of  all  improved  pecan  trees.  The  Schley 
comes  next  with  19  per  cent.  Of  the  total  trees  reported,  43  per  cent 
were  of  improved  varieties  and  57  per  cent  were  seedling  or  wild. 

Production  has  tended  to  shift  eastward  during  the  last  20  j^ears. 
Texas  and  Oldahoma  had  approximately  77  per  cent  of  the  bearing 
trees  in  1910,  56  per  cent  in  1920,  and  48  per  cent  in  1925.  The 
States  east  of  the  Mississippi  River  had  17  per  cent  of  the  bearmg  trees 
in  1910,  36  per  cent  in  1920,  and  45  per  cent  in  1925.  Much  activity 
has  been  shown  during  late  years,  both  in  the  Southeast  and  m  the 
native  pecan  sections  of  the  Southwest,  in  the  planting  of  improved 
varieties. 

In  view  of  this  heavy  planting  of  young  trees  and  of  the  increasing 
bearing  surface  of  the  rapidly  growing  trees  10  to  20  years  of  age, 
increase  in  production  should  be  rather  rapid  during  the  next  few 
years,  but  the  amount  of  the  increase  will  depend  upon  the  attention 
given  the  orchards  and  the  extent  to  which  insect  pests  and  diseases 
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are  controlled.  Even  assuming  a  mortality  as  great  as  40  per  cent  in 
trees  under  6  years  of  age,  an  increase  of  about  25  per  cent  in  number 
of  planted  trees  of  bearing  age  seems  likely  by  1940.  Increase  in  total 
production  of  improved  nuts  might  be  as  much  as  50  or  even  100  per 
cent  within  the  next  decade.  No  material  increase  in  seedling  and 
wild  nuts  is  anticipated.  The  increase  in  production  of  improved 
and  seedling  nuts  combined  during  the  next  decade  might  amount  to 
as  much  as  25  or  30  per  cent. 

Pecan-condition  reports,  published  monthly  from  July  to  October, 
show^  in  the  early  months  no  close  relationship  to  the  size  of  the  crop, 
but  the  relation  improves  from  month  to  month  until  in  November 
the  reported  percentage  of  a  full  crop  tends  to  give  a  rather  good  indi- 
cation of  the  probable  size  of  the  crop.  Variations  in  actual  produc- 
tion tend  to  be  greater  than  the  condition  reports  would  indicate. 
The  forecasts  of  probable  production  published  by  the  United  States 
Department  of  Agriculture  in  the  fall  months,  based  largely  upon  re- 
ports of  correspondents  concerning  expected  production  on  their  own 
farms,  and  upon  interpretation  of  the  condition  reports  in  the  light  of 
the  relation  of  condition  to  production  in  previous  years,  are  the  best 
indication  of  production  available  while  the  crop  is  still  being 
marketed. 

Methods  and  practices  m  the  development  of  pecan  orchards  of  im- 
proved varieties  and  in  the  care  of  bearing  orchards  have  undergone 
man}^  improvements  during  recent  years.  Even  though  these  im- 
provements are  rather  wddely  known  a  considerable  portion  of  the 
orchards  are  receiving  such  indifferent  care  that  the  owaiers  can  not 
expect  to  realize  a  profit. 

In  the  districts  studied,  pecan  orchards  in  general  are  developed  in 
coimection  with  an  interplanted  cash  or  feed  crop  for  harvest.  The 
method  of  cost  analysis  used  assumes  that  the  growing  of  these  inter- 
crops for  harvest  reduces  the  cost  of  certain  items  required  in  develop- 
ing the  trees  and  in  producing  the  nuts  in  proportion  to  the  land  acre- 
age used  by  the  crops  grown  in  the  orchard.  The  evidence  would 
seem  to  prove  that  it  is  good  economy  to  grow^  intercrops  in  the  young 
orchard  until  the  space  occupied  by  these  crops  is  needed  for  the  well- 
being  of  the  mature  orchard.  Interplanted  annual  crops  for  harvest, 
during  the  development  period,  are  grown  in  all  districts  studied  ex- 
cept the  Mississippi  Gulf  coast  district  and  the  Mobde  district  of 
Alabama.  In  the  latter  district,  a  filler  crop  of  Satsuma  oranges  is 
conmion  both  in  young  orchards  and  in  those  of  bearing  age.  In  the 
Shreveport  district  of  Louisiana,  the  practice  of  growing  intercrops  is 
continued  in  orchards  of  bearing  age. 

An  analysis  in  the  several  districts  studied  shows  considerable  varia- 
tion. The  cost  of  operatmg  bearing  orchards  of  improved  varieties, 
including  interest  charges,  varied  among  districts  from  about  $20  to 
$50  per  acre.  The  pounds  of  pecans  required  to  pay  costs,  including 
interest  charges,  ranged  from  approximately  80  to  185  pounds  per 
acre.  These  cost  differences  are  due  to  a  number  of  reasons,  such  as 
wages  of  man  labor,  horse-work  rates,  use  of  fertilizer,  amount  of  the 
joint  costs  that  are  chargeable  to  pecans,  and  the  like.  The  latter 
is  the  greatest  cost  factor.  A  considerable  portion  of  these  costs, 
however,  does  not  represent  actual  cash.  This  is  particularly  true  on 
farms  on  which  there  are  enterprises  other  than  pecans.  On  farms  of 
this  class  nuich  of  the  man  labor  and  use  of  implements  and  work  stock 
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on  the  pecan  enterprise  represents  additional  use  of  these  things  not 
provided  for  by  the  other  farm  enterprises  and  therefore  should  not 
be  classed  as  additional  actual  costs  to  the  farmer.  In  the  case  of 
orchards  under  the  management  of  caretakers,  where  all  the  operations 
are  normally  hired,  the  out-of-pocket  costs  are  materially  greater. 

Pecan  trees  may  bear  a  few  nuts  when  3  to  5  years  old.  Generally 
speaking,  however,  they  do  not  come  into  commercial  bearing  until 
about  the  eleventh  year.  Yields  of  pecans  have  been  disappointing 
even  in  a  favorable  year  such  as  1928.  In  that  year  the  yield  from  a 
great  many  bearing  orchards  15  to  19  years  of  age  in  many  of  the 
districts  studied  was  not  sufficient  to  cover  costs.  Among  the  chief 
factors  that  have  apparently  tended  to  curtail  yields  are:  Neglect  at 
some  portion  of  the  development  period;  the  planting  of  varieties  not 
adapted  to  the  locality;  and  selection  of  a  poor  site  wdth  respect  to  the 
ability  of  the  soil  to  meet  the  plant-food  requirements  of  the  tree. 
Other  contributing  factors  are  improper  planting  distances  and  the 
damaging  effect  of  insect  pests  and  fungous  diseases. 

Many  plantings  are  set  too  close  for  the  future  welfare  of  the  mature 
pecan  orchard,  and  some  of  the  trees  will  need  to  be  removed  after 
a  few  years  of  bearing  life  of  the  orchard.  It  is  now  generally  con- 
ceded that  pecan  trees  should  not  be  set  at  the  rate  of  more  than  12 
to  the  acre. 

Of  the  fungous  diseases  affecting  pecans,  scab  is  of  chief  economic 
importance.  Recent  observations  indicate  that  the  scab  fungus  is 
becoming  of  economic  importance  on  varieties  that  were  formerly 
thought  to  be  highly  resistant,  so  that  the  widely  followed  practice 
of  top-w^orldng  susceptible  varieties  to  so-called  nonsusceptible  varie- 
ties, may  need  to  be  abandoned,  and  systematic  spraying  or  dusting 
of  varieties  subject  to  scab  may  need  to  be  adopted. 

The  so-called  improved  varieties  are  largely  marketed  and  dis- 
tributed unshelled  to  consumers.  The  native  seedlings  are  mostly 
shelled  commercially.  Improved  pecans  are  sold  by  growers  in 
various  ways  such  as  through  a  cooperative  association,  to  inde- 
pendent shippers,  through  commission  merchants,  to  buyers  in  the 
markets,  or  direct  to  consumers. 

Prices  of  pecans  f.  o.  b.  shipping  points  in  the  area  east  of  the  Mis- 
sissippi River  have  varied  with  varieties  and  quality  and  have 
averaged  from  28  to  35  cents  a  pound  for  the  crops  of  the  period  1925 
to  1930. 

Reports  from  shippers  indicate  that  in  the  1928  season  approximately 
27  per  cent  of  shipments  from  States  that  grow  mostly  improved 
varieties  w^ent  to  the  North  Atlantic  States,  56  per  cent  to  the  North 
Central  States,  9  per  cent  to  the  South  Atlantic  States,  6  per  cent  to 
the  South  Central  States,  and  2  per  cent  to  the  far  West. 

It  was  the  general  opinion  of  brokers,  wholesalers,  and  retailers  that 
domestic  outlets  could  be  developed  to  take  care  of  an  increasing 
annual  production.  Factors  which  were  suggested  as  a  means  of 
improving  pecan  marketing  conditions  were:  Greater  organization 
and  cooperation  among  growers  and  shippers;  advertising;  improve- 
ment of  grading  practices;  greater  control  of  distribution  and  a  reduc- 
tion in  the  quantity  of  miscellaneous  consignments;  and  stabilization 
of  prices  in  relation  to  the  season's  supply. 

Improved  varieties  of  unshelled  pecans  have,  according  to  the  1929 
survey,  commanded  a  higher  price  in  the  markets  than  have  other 
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nuts  including  walnuts  and  almonds.  Most  brokers  and  dealers 
believed  that  there  will  be  some  narrowing  of  this  price  differential. 

The  survey  of  pecan-marketing  conditions  in  large  cities  and  the 
chain-store  and  consumer  survey  indicated  that  the  pecan  is  on  sale 
much  more  generally  in  the  well-to-do  sections  than  in  the  poorer 
sections.  Pecans  are  popular  with  consumers  who  are  familiar  with 
them.  For  the  area  covered  in  the  survey  probably  less  than  half 
of  the  grocery  stores  handled  pecans  in  the  1928  crop  season.  The 
greater  number  of  the  year's  retail  sales  of  unshelled  pecans  are 
made  during  the  six  weeks  from  the  middle  of  November  to  the  end 
of  the  year.  The  size  of  consumer  purchases  is  frequently  1  pound. 
Retail  prices  of  standard  varieties  other  than  Schley  averaged  close 
to  50  cents  a  pound  in  1928-29. 

Pecans  that  are  shelled  commercially  are  used  by  confectioners, 
bakers,  ice-cream  manufacturers,  and  salters  in  addition  to  being 
retailed  to  consumers  direct.  Shellers  reported  that  the  average 
yield  of  kernels  as  compared  with  the  weight  of  the  whole  nuts  is 
about  38  per  cent. 

The  per  capita  supply  of  pecans  in  the  United  States  (unshelled 
basis)  for  the  five  seasons  ended  in  1929  averaged  0.49  pound,  com- 
pared with  1.08  pounds  for  English  walnuts,  and  0.73  pound  for 
almonds. 
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INTRODUCTION 

The  western  white  pine  type  is  the  most  important  forest  unit  over 
large  areas  of  rough  uplands  in  northern  Idaho  and  adjacent  portions 
of  eastern  Washington  and  western  Montana.  It  occupies  through- 
out this  region  the  cooler,  moister  sites  between  elevations  of  2,000 
and  5,500  feet,  reaching  its  best  development  in  northern  Idaho 
between  the  international  boundary  and  the  Lochsa  River  (10) .'  The 
type  is  distinguished  by  its  luxuriant  growth  and  great  complexity 
and  characterized  by  the  presence  of  western  white  pine  (Pinus 
monticola  D.  Don)  in  association  with  a  large  number  of  other  species, 
principally  western  red  cedar  (Thuja  plicata  D.  Don),  western  hem- 
lock (Tsuga  heterophylla  (Raf.)  Sarg.),  lowland  white  fir  (Abies  grandis 
Lindl.),  western  larch  (Larix  occidenfalis  Nutt.),  and  Douglas  fir 
(Pseudotsuga  taxifolia  (Lam.)  Britt.). 

These  mixed  forests  constitute  a  very  desirable  natural  resource. 
The  stands  are  unusually  dense  and  the  timber  yields  are  large. 
Moreover,  the  western  white  pine  and  one  associate,  western  red 

» Italic  figures  in  parentheses  refer  to  Literature  Cited,  p.  66.  1 
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cedar,  furnish  special-use  woods  of  high  value.  As  a  result  the  lumber 
and  allied  timber  industries  in  northern  Idaho  and  adjacent  timber 
centers  have  been  built  up  very  largely  around  the  white  pine  type. 
These  forest  industries  are  locally  of  great  economic  importance.  In 
Idaho,  for  example,  where  they  rank  first  among  the  manufacturing 
industries,  they  are  valued  at  $100,000,000  and  produce  annually 
materials  worth  $41,000,000;  they  employ  some  18,000  persons  and 
have  an  annual  pay  roll  of  over  $22,000,000;  and  the  freight  revenue 
derived  from  these  industries  amoimts  to  nearly  $11,000,000  a  year, 
an  important  item  in  the  budgets  of  the  rail  caniers  of  tliis  section  (12). 
In  adchtion,  the  materials  produced  represent  the  crop  value  of  some 
10,000,000  acres  of  land  in  northern  Idaho  alone,  3,000,000  acres  of 
wliich  is  in  the  western  wMte  pine  type.  Tliis  land,  because  of 
surface  features  and  climate,  is  largely  unsiiited  to  the  production  of 
other  crops.  In  view  of  these  facts  the  maintenance  of  forest  indus- 
tries is  unquestionably  essential  to  the  economic  prosperity  of 
northern  Idaho  and  adjacent  Wasliington  and  Montana. 

Futiu-e  yields  of  western  wliite  pine  depend  largely  upon  the  control 
of  the  wliite  pine  bhster  rust.  However,  results  already  obtained  from 
the  large-scale  experimental  control  work  carried  on  in  the  western 
white  pine  forests  give  ample  reason  to  beUeve  that  adequate  protec- 
tion from  the  disease  can  be  reahzed  where  such  measures  are  feasible. 

Therefore,  in  ^dew  of  the  rapid  depletion  of  the  virgin  timber  stands 
on  which  these  forest  industries  rely  (0),  it  becomes  increasingly 
important  to  loiovv'  the  timber-producing  capacity  of  the  large  areas 
of  second-growth  stands  to  which  the  region  must  turn  for  raw 
material  within  the  next  half  century.  It  is  the  purpose  of  this 
bulletin  to  sum  up  for  forest  managers  and  timberland  o\\Tiers  the 
available  information  on  the  growth  and  yield  of  second-growth 
western  white  pine  stands.  To  simplify  presentation,  the  first  part 
of  the  bulletin  contains  only  the  discussion  necessary  for  a  proper 
understanding  and  apphcation  of  the  tables.  Essential  supplementary 
discussion  has  been  relegated  to  the  appendix. 

DEFINITIONS  OF  TERMS  USED 

The  following  definitions  explain  the  technical  and  semiteclmical 
terms  used  in  describing  the  yield  tables. 

Diameter  breast  high.' — Diameter  at  4.5  feet  above  the  average 
ground  level.  Commonly  abbre\dated  as  d.  b.  h.  As  used  in  con- 
nection with  standing  trees,  tliis  means  diameter  outside  bark. 

Basal  area. — The  basal  area  of  a  tree  is  the  area  in  square  feet 
(including  bark)  of  a  cross  section  taken  4.5  feet  above  the  average 
ground  level.  The  basal  area  of  a  stand  is  the  sum  of  the  cross- 
sectional  areas  of  the  trees  composing  it.  Basal-area  values  for  trees 
of  various  diameters  are  easily  obtained  from  pubUshed  tables. 

Total  age. — The  age  of  the  oldest  dominant  tree.  Tliis  will  coincide 
in  most  cases  with  the  period  elapsed  since  fire,  logging,  or  other 
agency  removed  the  ])revdous  timber  stand. 

Kren-aged  stands. — Stands  in  which  the  ages  of  the  youngest  and 
oldest  trees  are  witliin  20  years  of  the  same  age. 

Stocking. — The  degree  to  which  an  area  is  cfi'ectively  covered  with 
living  trees.  Fully  stocked  or  normal  stands  contain  as  many  trees 
per  acre  as  can  properly  utilize  the  growing  s])acc  available. 
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Composition. — The  mixtures  of  tree  species  forming  the  stand. 
Western  white  pine  stands  often  contain  from  four  to  six  tree  species 
in  widely  varying  combinations  and  proportions. 

Dominant.' — In  this  study  any  tree  with  well-formed  crown  that 
receives  full  sunhght  from  above  and  at  least  some  hght  from  the 
sides.  It  includes  both  dominant  and  codominant  as  ordinarily 
defined  (8). 

Site  quality. — The  relative  wood-producing  capacity  of  a  given 
area  measured  in  tliis  study  by  the  height  growth  of  the  dominant 
wliite  pines  {6). 

Site  index. — The  height  attained  by  the  average  dominant  at  50 
years,  as  a  measure  of  site  c^uahty. 

Mean  annual  increment. — The  average  yearly  mcrease  per  acre  in 
the  volume  of  a  stand,  computed  by  dividing  its  total  volume  by  its 
age. 

Periodic  annual  increment. — The  average  yearly  increase  in  volume 
per  acre  over  a  short  period^ — in  tliis  case  10  years. 

Utilization  standards. — Cubic-foot  volumes  include  the  total  wood 
contents  of  the  entire  peeled  stem,  comprising  stump  and  tip  but  not 
limbs  and  bark,  for  all  trees  0.6  inch  d.  b.  h.  and  larger.  Board-foot 
volumes  by  the  Scribner  rule  allow  for  a  minimum  top  diameter  of  6 
inches  for  white  pine  and  8  inches  for  other  species,  a  stump  height  of 
1  foot  for  white  pine  and  1.5  feet  for  other  species,  and  a  trimming 
allowance  of  0.25  foot  for  white  pine  and  0.3  foot  for  other  species 
for  each  16-foot  log  length.  Board-foot  volumes  by  the  international 
rule  (}^-inch  saw  kerf)  allow  for  a  minimum  top  diameter  limit  of  5 
inches  and  for  the  same  allowance  for  stump  height  and  trimming  as 
with  the  Scribner  tables.  Yield-table  volumes  are  always  given  in 
full  scale,  no  allowance  being  made  for  possible  loss  in  defect,  breakage, 
or  incomplete  woods  utilization. 

Yield. — The  wood  content  per  acre  measured  in  some  standard 
unit,  such  as  cubic  or  board  feet.  The  yields  given  in  these  tables 
are  for  fully  stocked  stands  and  show  gross  volumes,  no  allowance 
being  made  for  defect,  loss  in  breakage,  or  lack  of  complete  utiliza- 
tion. 

DISCUSSION  OF  YIELD  TABLES 

BASIS  AND  SCOPE 

The  yield  tables  in  this  bulletin  give  the  number  of  trees,  the 
average  size  of  tree,  the  rate  of  growth,  and  the  quantity  of  wood  per 
acre  at  different  ages  andjqualities  of  site  for  even-aged,  fully  stocked 
western  white  pine  stands.  They  are  the  result  of  a  study  begun  by 
the  Forest  Service  in  1909-1912  ^  and  reinitiated  and  completed  in 
1924-1926  by  the  Northern  Rocky  Mountain  Forest  Experiment 
Station.  In  this  study  the  yields  of  fully  stocked,  even-aged  western 
white  pine  stands  between  20  and  160  years  of  age  were  measured  on 
306  small  sample  areas  scattered  throughout  the  western  white  pine 
type.  Figure  1  shows  the  geographical  distribution  of  these  plots. 
On  each  sample  area  the  age  of  stand,  site  quality,  number  and  size 
of  trees,  and  quantity  of  w^ood  in  both  cubic  and  board  feet  were 
carefully  determined.    These  values  were  then  grouped  and  averaged 

2  Under  the  direction  of  F.  I.  Rockwell  and  A.  O.  Benson.    Data  on  31  per  cent  of  the  plots  used  were 
collected  by  Rockwell,  and  data  on  10  per  cent  were  collected  by  Benson  in  the  1909-1912  work. 
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to  show  the  yields  per  acre  common  to  each  age-site  condition.     The 
field  and  office  methods  employed  in  this  work  have  been  outlined  in 
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Figure  l.— Map  showing  location  of  sample  plots;  each  clot  marks  a  locality  where  one  or  more 

plots  were  takeu 


detail  by  otl 
here. 


r  investigators  {15,  2)  and  need  not  be  further  elaborated 
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The  resulting  yield  tables  are  applicable  to  western  white  pine 
stands  throughout  the  entire  region  described,  local  differences  in 
rates  of  growth  and  yield  being  accounted  for  in  site-quality  differ- 
ences. The  tables  are  also  applicable  throughout  the  region  to  any 
stand  containing  15  per  cent  or  more  of  western  wdiite  pine.  Full 
recognition  has  been  accorded  the  fact  that  white  pine  grows  only 
rarely  in  pure  stands  and  quite  commonly  in  mixed  stands  of  great 
complexity  and  that  there  is  some  tendency  for  certain  combinations 
of  species  to  produce  higher  or  lower  yields  than  other  combinations. 
Nevertheless,  these  trends  are  largely  obscured  by  other  factors, 
and  a  thorough  mathematical  analysis  indicates  that  the  tables 
presented  are,  within  reasonable  limits,  applicable  to  all  even-aged 
western  white  pine  stands  regardless  of  their  composition.  The 
tables  are  directly  applicable,  however,  only  to  fully  stocked  stands; 
i.  e.,  stands  with  as  many  trees  as  can  properly  utilize  the  growing 
space  and  which  are  without  blanks  or  holes  in  the  forest  canopy.  In 
applying  the  tables  to  stands  other  than  fully  stocked,  the  tabular 
values  must  be  adjusted  after  the  manner  described  on  a  subsequent 
page. 

WESTERN  WHITE  PINE  YIELDS 

Tables  3  to  24,  presented  hereafter,  constitute  a  complete  set  of 
yield  tables,  of  which  Tables  3  to  7  present  values  for  the  entire 
stand;  i.  e.,  for  all  trees  in  and  above  the  1-inch  diameter  class.  The 
remaining  tables  list  partial  stand  values,  or  yields  per  acre  for  all 
trees  in  and  above  the  7,  8,  and  13  inch  diameter  classes,  respec- 
tively, and  for  the  dominant  stand  (all  dominant  and  codominant 
trees).  Each  table  shows  values  for  one  item,  for  example,  number  of 
trees  for  all  age-site  conditions.  A  summary  of  the  values  of  chief 
interest  is  given  in  Table  1.  One  of  the  most  interesting  features 
brought  out  in  this  table  is  the  characteristic  density  of  fully  stocked 
western  white  pine  stands  as  indicated  by  the  large  number  of  trees  per 
acre  and  the  relatively  small  size  of  the  average  tree.  Note  also  the 
rapid  growth,  averaging  on  good  sites  at  120  years  some  116  cubic 
or  760  board  feet  (international  rule)  per  year,  and  giving  at  maturity 
gross  board-foot  yields  of  over  90,000  board  feet  per  acre  on  good 
soils  over  small  acreages. 

Table  1. —  Yields  per  acre,  fully  stocked  western  white  pine  stands 

POOR  SITE— INDEX  40 


Height 

of 
aver- 
age 

domi- 
nant 

All 
trees 

0.6 
inch 
plus 

Aver- 
age 
d.b.h. 
of 

trees 
0.6 

inch 

plus 

Basal 
area, 
trees 
0.6 
inch 
plus 

Total  volume 

Average  yearly  growth 

Total 

age 

(years) 

Trees 
0.6 
inch 
plus 

International 
H-inch  rule 

Scrib- 
ner 
rule, 
trees 
12.6 

inches 
plus 

Cubic- 
foot, 
trees 
0.6 
inch 
plus 

International 
i-i-inch  rule 

Scrib- 
ner 
rule, 
trees 
12.6 

inches 
plus 

Trees 

6.6 

inches 

plus 

Trees 
12.6 

inches 
plus 

Trees 

6.6 

inches 

plus 

Trees 
12.6 

inches 
plus 

20 

40 

60 

80 

100 

120 

140 

160 

Fea 
10 
30 

49 
66 
79 
88 
94 
98 

No. 

11,  500 

5,600 

3,020 

1,830 

1,220 

980 

910 

890 

Inches 
0.8 
2.2 
3.6 
5.1 
6.5 
7.6 
8.1 
8.3 

Sq.ft. 
45 
146 
215 
257 
286 
306 
323 
338 

Cu.  ft. 

240 

1,890 

4,210 

6,500 

8,420 

9,980 

11,000 

11,650 

Bd.  ft. 

Bd.  ft. 

Bd.  ft. 

Cu.ft. 
12 
47 
70 
81 
84 
83 
79 
73 

Bd.ft. 

Bd.ft. 

Bd.ft. 

600 
7.500 
21,  600 
38,000 
51,000 
59,200 
63,600 

12 
125 
270 
380 
425 
423 
398 

50 
3,200 
11,000 
21,000 
28,100 
31,700 

50 

2,300 

8,300 

16,000 

21, 000 

24,300 

1 
40 
110 
175 
201 
198 

1 

29 

83 

133 

150 

152 
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Table  1. —  Yields  per  acre,  fully  stocked  western  white  pine  stands — Continued 

FAIR  SITE— IXDEX  50 


Height 

of 
aver- 
age 
domi- 
nant 

AU 
trees 

0.6 
inch 
plus 

Aver- 
age 
d.  b.  h. 
of 

trees 
0.6 

inch 

plus 

Basal 
area, 
trees 
0.6 
inch 
plus 

Total  volume 

Average  yearly  growth 

Total 
age 

Trees 

0.6 

inch 

plus 

International 
i.i-inch  rule 

Scrih- 
ner 
rule, 
trees 
12.6 
inch 
plus 

Cubic- 
foot, 
trees 
0.6 
inch 
plus 

International 
i-Wnch  rule 

Scrib- 
ner 
rule. 

(years) 

Trees 

6.6 

inches 

plus 

Trees 
12.6 

inches 
plus 

Trees 

6.6 
inches 

plus 

Trees 

12.6 
inche.s 
plus 

trees 

12.6 

inches 

plus 

20 

Fea 

12 

38 

61 

82 

99 

110 

117 

122 

No. 

7,800 

3,650 

2,000 

1,230 

820 

660 

610 

590 

Inches 
1.0 
2.7 
4.5 
6.2 
8.0 
9.3 
10.0 
10.3 

Sq.ft. 
46 
148 
218 
260 
289 
310 
327 
342 

Cu.  ft. 

320 

2,270 

5,050 

7,750 

10,100 

12,000 

13,  250 

14,  000 

Bd.  ft. 

Bd.  ft. 

Bd.  ft. 

Cu.ft. 
16 
57 
84 
97 
101 
100 
95 
88 

Bd.ft. 

Bd.ft. 

Bd.ft. 

40 

1,900 
13,700 
33,  300 
54,  300 
70,300 
80,400 
85,  900 

48 
228 
416 
543 
586 
574 
537 

CO.- 

80 

100 

120 

140 

160 

1,000 
8,400 
25,000 
44,  100 
55,  600 
00,  200 

700 
6,500 
19,200 
32,200 
41,000 
45,500 

17 

105 
250 
268 
397 
376 

12 

81 
192 
368 
293 
284 
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20 

14 
45 
73 

4,700 
2,210 
1,190 

1.3 
3.5 

5.8 

46 
149 
221 

400 
2,650 
5,880 

20 

66 
98 

40    

4,400 
23,300 

110 

388 

60 

5,000 

3,700 

83 

62 

80 -- 

98 

720 

8.2 

263 

9,000 

48,700 

24,100 

17,900 

112 

609 

301 

224 

100 

118 

480 

10.5 

292 

11,850 

73,  500 

54,  000 

40,  300 

118 

735 

540 

403 

120 

132 

390 

12.2 

314 

13,  950 

91.  200 

76,  300 

59,000 

116 

760 

636 

492 

140 

141 

355 

13.1 

331 

15,  400 

102,  700 

90,  300 

70,  500 

110 

734 

645 

504 

100 

146 

345 

13.6 

346 

16, 350 

109,  900 

98, 900 

76,900 

102 

687 

618 

4S1 
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20 

16 
53 

2,800 
1,370 

1.7 
4.5 

47 
151 

470 
3, 030 

24 
76 

40 

8,300 

600 

400 

208 

15 

10 

60 

86 

760 

7.4 

223 

6,710 

33, 800 

13.  400 

10,300 

112 

563 

223 

172 

80 -. 

115 

450 

10.4 

266 

la,  350 

63.  500 

46,000 

34,  600 

129 

794 

575 

432 

100 

138 

300 

13.5 

296 

13,  500 

90,  500 

81,  000 

63,  200 

135 

905 

810 

632 

120 

154 

235 

15.7 

318 

15,  900 

109,  400 

103, 300 

81,000 

132 

912 

861 

675 

140 

164 

220 

16.7 

335 

17,  500 

121,300 

116,100 

91,600 

125 

866 

829 

654 

160 

171 

215 

17.2 

350 

18, 460 

128,600 

123,600 

96, 800 

115 

804 

772 

605 

HEIGHT  GROWTH  AND  SITE  INDEX 

Figure  2  portrays  the  trend  of  {ircrage  dominant  height  over  age. 
These  curves  are  based  on  the  growth  of  dominant  western  white 
pines  only.  On  good  sites  (site  index  60)  white  pine  dominants 
average  about  1  foot  a  year  in  height  growth  in  stands  between  40 
and  140  years  of  age.  The  dotted  hues  in  Figure  2  indicate  the 
hmits  of  each  site-index  group  at  any  age  between  20  and  IGO  veal's 
in  terms  of  average  dominant  height. 

The  site  indices  used  in  the  present  study  are  merely  more  exact 
expressions  of  the  following  general  descriptive  terms  not  capa])le  of 
exact  definition: 

Site  index 

Very  best  or  excellent  (Site  I) ---  80-70 

Good  (Site  II) 60 

Fair  (Site  III) .--  50 

Poor  (8ite  IV) 40 

Very  poor  (Site  V) 30 
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Figure  2.— Height  curves  for  average  dominant  and  codominant  western  white  pine 


12,000 


10,000 


,-v 

8,000 

q: 

ijj 

CD 

1 

D 

z 

6,000 

'-^ 

in 

UJ 

u 

oc 

h 

4,000 

2,000 


\ 


\ 


VA 


20 


40 


60  BO  100 

TOTAL  AGE    (yEARS) 


120 


EXCELLENT   SITE    (iNDEX  70) FAIR  SITE    (iNDEX  50) 

GOOD    SITE     (index   60)  POOR   SITE  (iNDEX  40) 

Figure  3.— Curves  for  total  number  of  trees  per  acre  O.C  inch  d.  b.  h.  and  larger 
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NUMBER  AND  SIZE  OF  TREES 


Figure  3  depicts  the  total  number  of  trees  0.6  inch  d.  b.  h.  and 
larger.  The  extremely  rapid  decrease  in  number  of  trees  udth  increas- 
ing age  is  strildngly  apparent.  On  good  sites  (site  index  60)  the  total 
number  of  trees  per  acre  drops  from  4,700  at  20  years  to  720  at  80 
years,  and  to  390  at  120  years.  The  number  of  trees  also  decreases 
rapidly  with  increase  in  site  index.     On  poor  soils  (site  index  40) 
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Figure  4.— Curves  for  diameter  breast  high  of  average  tree 

white  pine  stands  average  about  980  stems  per  acre  at  120  years,  and 
on  excellent  soils  (site  index  70)  about  235  stems  at  the  same  age. 
The  occurrence  of  more  trees  per  aero  on  poor  sites  than  on  good  sites 
in  natural  stands  beyond  the  seedling  stage  is  typical  of  all  forest 
types  so  far  investigated  both  here  and  !i])r()ad.  The  number  of  tree 
vahics  given  in  the  tahles,  bowcver,  must  be  considered  ht tie  better 
than  approximations,  as  the  total  number  of  trees  per  acre  is  extremely 
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variable  in  western  white  pine  stands.  Occasionally  the  usual  tend- 
ency is  reversed,  and  individual  stands  on  good  sites  contain  more 
trees  than  stands  of  the  same  age  on  poor  sites,  and  commonly  the 
number  of  trees  on  individual  plots  difl'ers  greatly  from  the  average 
values  given  in  the  table. 

The  size  of  the  tree  of  average  basal  area  for  various  age-site 
conditions  is  shown  in  Figure  4.  In  general,  the  trees  in  fully  stocked 
western  white  pine  stands  run  very  small.  On  good  sites  at  120 
years,  for  example,  the  average  tree  is  only  12.2  inches  d.  b.  h.  At 
this  age  on  good  sites  some  27  per  cent  of  the  trees  are  still  under  7 
inches  d.  b.  h.  and  about  60  per  cent  still  under  13  inches  d.  b.  h. 

CUBIC-FOOT  VOLUMES 

Figure  5  portrays  the  total  wood  produced,  including  stump  and 
tip,  but  not  bark,  in  all  trees  0.6  inch  d.  b.  h.  and  larger.     Density 
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Figure  5. — Curves  for  total  cubic-foot  volume  per  acre,  excluding  bark 

of  stand  and  rapidity  of  growth  both  contribute  to  produce  high 
cubic-foot  volumes.  The  average  fully  stocked  stand  on  site  index 
60  produces  close  to  14,000  cubic  feet  of  wood  at  120  years. 

BOARD-FOOT  VOLUMES 


TREES    IN    AND    ABOVE    THE    7-INCH-DIAMETER    CLASS 

Figure  6  shows  the  total  board-foot  contents  produced  in  fully 
stocked  stands.  These  yield  values  include  the  volume  of  every  tree 
6.6  inches  d.  b.  h.  or  larger  that  will  furnish  at  least  one  16-foot  log 
with  a  5-inch  top  diameter.  The  international  Os-inch)  rule  accord- 
ing to  which  the  yields  are  estimated  is  the  most  satisfactory  log  rule 
for  estimating  the  board-foot  content  obtainable  by  complete  utili- 
zation and  with  good  sawing  practice.     The  timber-producing  capac- 
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ity  of  western  white  pine  stands  is  strikingly  apparent  in  the  total 
board-foot  tables,  the  average  fuUy  stocked  stand  producing  about 
90,000  board  feet  (international  rule)  at  120  ye&Ts  on  good  sites. 
Yields  of  this  character  are  not  obtainable,  of  course,  over  large 
areas  in  natural  stands  in  which  yields  are  reduced  by  blank  spaces 
and  irregularities  in  the  stand,  defect,  and  lack  of  complete  utiliza- 
tion to  the  limits  showTi  in  the  tables.  Natural  openings,  resulting 
from  lack  of  seed,  snow  breakage,  insect  attack,  and  similar  phe- 
nomena, all  reduce  yields.  In  addition,  the  tables  are  constructed 
to  show  gross  yields;  i.  e.,  the  content  of  every  tree  above  a  given 
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FiGiRE  G. — Curves  for  total  board-foot  volume  per  acre,  international  rule  (;s-inch  saw  kerf), 

trees  6.6  inches  d.  b.  h.  and  larj,'er 

diameter  limit  regardless  of  species  and  defect.  Under  present  log- 
ging practices,  however,  a  considerable  amount  of  material  is  invari- 
ably left  in  the  woods  in  the  form  of  small  trees  and  trees  that  are 
defective  or  unmerchantable  on  account  of  their  low  market  value. 
These  factors  must  all  be  considered  when  comparing  the  total  jaelds 
shown  in  Figure  6  with  present  stands  and  the  cut  from  areas  now 
being  logged.  Plxtensive  cruises  indicate  that  well-stocked  western 
white  pine  stands,  exclusive  of  the  larger  nonstocked  areas  such  as 
natural  meadows  and  nonreproducing  bums,  average  about  70  per 
cent  by  basal  area  of  the  values  listed  in  the  yield  tables  (according 
to  uiii)ublished  data  compiled  by  C.  R.  Watson  and  Donald  Bruce, 
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1928).     On  several  national-forest  timber-sale  areas  approximately 
such  volumes  have  been  cut.^ 


TREES    IN    AND    ABOVE    THE    13-INCH-DIAMETER    CLASS 

Figure  7  depicts  the  board-foot  ^delds  by  the  international  ()^-inch) 
rule  in  all  trees  12.6  inches  d.  b.  h.  and  larger.  Fully  stocked  stands 
on  good  sites  at  120  years  contain  about  76,300  board  feet  per  acre 
in  trees  12.6  inches  d.  b.  h.  and  larger,  scaled  to  a  5-inch  top  diameter. 
Note  in  Table  1  the  material  differences  between  the  international 
and  Scribner  values  for  trees  13  inches  and  up.     These  discrepancies 
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Figure  7. — Curves  for  board-foot  volume  per  acre,  international  rule  ().i-inch  saw  kerf),  trees  12.6 

inches  d.  b.  h.  and  larger 

are  principally  due  to  the  log  rule.  If  computations  for  overrun  are 
omitted,  the  international  rule  shows  much  more  accurately  than  the 
Scribner  rule  the  actual  board-foot  contents  that  can  be  cut  out  under 
efficient  sawmill  practice  (5).  The  international  rule  used  here 
assumes  the  use  of  saws  cutting  a  Js-inch  kerf.  If  a  %-inch  kerf  is 
cut,  the  yields  should  be  reduced  9.5  per  cent. 

'  For  example,  Scott  Creek  on  the  Coeur  d'Alene  National  Forest,  averaged  39,600  board  feet  per  acre 
by  actual  log  scale,  Scribner  rule.  This  cut  was  in  90  to  100  year  old  timber  from  a  drainage  area  of  790 
acres.  The  stand,  therefore,  actually  cut  about  74  per  cent  of  normal  100-year  volume  for  good  site  (site 
index  60).  (Table  13.)  If  unmerchantable  and  uncut  material  left  in  the  woods  is  included,  this  stand  ran 
75  to  85  per  cent  of  normal  over  more  than  a  section. 
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INCREMENT  AND  ROTATION  AGE 


Figures  8,  9,  and  10  show  the  rate  of  growth  in  western  white  pine 
stands  in  terms  of  periodic  and  mean  annual  increment.  Figure  8 
portrays  growth  in  cubic  feet  and  Figures  9  and  10  growth  in  board 
feet  in  trees  6.6  inches  and  12.6  inches  in  diameter  or  more,  respec- 
tively. The  periodic  -  increment  curves  show  the  average  rate  of 
growth  by  lO-j^ear  periods,  the  peak  of  the  curve  in  each  instance 
indicating  the  decade  of  most  rapid  gi'owth.  Tliis  peak  occurs  be- 
tween the  ages  of  50  and  120  years,  varying  wdth  the  kind  of  product 
and  the  site  conditions.  The  peak  or  culmination  of  mean  annual 
growth  does  not  come  until  considerably  later.  Tliis  peak  also  is 
influenced  by  site  and  kind  of  product,  and  occurs  on  good  sites 
(index  60)  at  105  years  for  total  wood  production  in  cubic  feet,  at 
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Figure  8.— Curves  for  periodic  and  mean  annual  increment  in  cubic  feet,  trees  0.6  inch  d.  h.  b. 

and  larger 

115  years  for  total  wood  production  in  board  feet  (international  rule) 
for  trees  6.6  inches  d.  b.  h.  and  larger,  and  at  135  years  for  board- 
foot  volumes  (international  rule)  for  trees  12.6  inches  and  up. 
Growth  in  total  board-foot  volumes  cidminates  at  110  years  on  excel- 
lent soils  and  at  130  years  on  poor  soils.  This  point  of  culmination, 
or  period  at  which  maximum  mean  annual  growth  occui-s,  is  usually 
spoken  of  as  the  rotation  age.  A  stand  cut  at  this  time  will  yield 
the  maximum  volume  return  per  year  of  growth. 

Rate  of  growth,  of  course,  is  only  one  of  a  number  of  factors  to 
be  considered  in  fixing  the  proper  age  at  which  to  cut  a  given  stand. 
The  type  of  product  desired,  the  run  of  lumber  grades,  the  financial 
asi)ects  of  prolonged  holding,  and  the  silvicultural  features  of  the 
forest  must  all  be  considered  in  decidin^^  upon  the  age  at  which  to 
cut.     Nevertheless,  volume  production  alone  is  an  important  item  to 
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consider  in  western  white  pine  stands,  in  which  on  most  sites  the 
board-foot  contents  are  nearly  doubled  or  more  than  doubled  between 
80  and  120  years. 

PREDICTING  THE  YIELDS  OF  SECOND-GROWTH  STANDS 

To  use  the  normal  tables  in  predicting  future  yields  of  natural 
second-growth  western  white  pine  stands,  it  is  first  necessary  to  de- 
termine the  age,  site  quality,  and  degree  of  stocking  of  the  stands 
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Figure  9.— Curves  for  periodic  and  mean  annual  increment  in  board  feet,  international  rule, 

trees  6.6  inches  d.  h.  b.  and  larger 

for  which  such  forecasts  are  to  be  made.  These  factors  can  be  de- 
termined with  relative  ease  on  small  tracts  by  measuring  one  or  more 
selected  sample  areas.  But  for  good-sized  tracts  this  task  will  usually 
require  a  strip  or  hne  plot  survey  to  locate  and  map  age-class  divi- 
sions, nontimbered  areas,  and  distinct  differences  in  stand  density 
and  site  conditions.  The  general  procedure  in  this  work  is  practi- 
cally the  same  as  in  a  timber  cruise,  and  the  same  factors  determine 
the  degree  of  intensity  with  which  the  survey  is  conducted.  Site 
mapping  introduces  a  new  element,  but  as  the  range  of  sites  in  the 
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western  white  pine  type  is  relatively  small,  the  division  of  a  tract 
into  two  or  at  most  three  site  classes  should  be  sufficient  for  all 
practical  purposes. 


AGE  DETERMINATION 


The  first  step  in  the  application  of  yield  tables  is  to  tally  on  each 
sample  strip  or  plot  the  total  number  of  trees  in  each  diameter  class 
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FifiuuK  10. —Curves  for  periodic  and  mean  annual  increment  in  board  feet,  international  rule. 

trees  12.0  inches  d.  b.  h.  and  larger 

1  inch  and  up  for  later  use  in  computing  stand  density.  In  conjunc- 
tion with  this  work,  age  determinations  should  be  made  on  each 
sample  plot  or  at  frequent  intervals  along  the  strip  line  by  counting 
the  growth  rings  of  several  (loininant  white  ])ines,  eitlier  on  the  stump 
or  on  a  core  to  the  pith  extracted  with  an  increment  borer.     These 
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ring  counts  should  be  taken  1  foot  above  the  average  ground  level 
or  the  count  adjusted  by  adding  in  the  number  of  whorls  between 
the  point  of  count  and  the  1-foot  level.  (The  whorls  or  successive 
points  along  the  trunk  at  which  branches  have  originated  are  usually 
distinguishable  on  white  pine  trees  by  the  knots  even  when  the 
branches  are  entirely  gone.)  Add  5  years  to  this  count  on  average 
soils,  4  years  on  better-than-average  soils,  and  6  years  on  poorer- 
than-average  soils.  This  is  the  period  required  by  dominant  seed- 
lings to  grow  1  foot  in  height.  The  age  of  the  oldest  tree  determined 
in  tliis  manner  is  taken  as  the  age  of  the  stand,  provided  the  age  of 
this  tree  does  not  differ  by  more  than  tlu'ee  years  from  that  of  the 
next  oldest  tree.  This  latter  precaution  is  to  avoid  taking  the  age 
of  veterans  or  relics  of  a  former,  older  stand,  individuals  of  wliich 
may  have  escaped  the  fire  or  other  cause  by  which  the  present  stand 
was  established.  Check  the  age  by  additional  borings  at  any  point 
where  a  change  in  age  class  appears  to  have  taken  place.  Occasion- 
ally an  intermediate  or  suppressed  tree  should  be  bored  to  see  if  the 
stand  is  essentially  even-aged;  i.  e.,  all  trees  witliin  about  a  20-year 


range. 


SITE  DETERMINATION 


Site  determinations  should  also  be  made  in  conjunction  with  the 
strip  or  hue-plot  survey.  This  is  done  by  measuring  at  fairly  frequent 
intervals  the  heights  of  15  to  20  dominant  (dominant  and  codomi- 
nant)  wliite  pines  growing  in  a  faMy  dense  portion  of  the  stand. 
These  heights  should  be  measured  with  a  Forest  Service  Abney  level 
or  some  instrument  of  equal  accuracy,  and  the  distance  should  be 
taped,  not  paced.  Extreme  care  must  be  taken  to  measure  dominant 
trees  of  all  sizes  from  those  barely  codominant  up  to  and  including 
the  tallest  trees  in  the  stand  and  to  distribute  the  measurements 
well  over  the  range  between  these  limits.  Care  should  be  taken  also 
to  exclude  anj^  surviving  veterans  of  an  older-age  class.  Then,  for 
each  group  of  trees  measured,  average  the  heights  taken,  refer  either 
to  Figure  2  or  to  the  site-classification  chart,  Figure  11,  and  convert 
average  dominant  height  to  site  index.  This  is  done  with  Figure  11 
by  passing  a  straight  line  through  the  age  of  the  stand  on  scale  A 
and  the  average  height  just  computed  (the  average  height  of  the 
dominant  and  codominant  trees)  on  scale  B.  Read  the  site  index 
where  this  line  crosses  scale  C.  In  the  example  illustrated,  a  30-year- 
old  stand  in  wliich  the  dominants  averaged  20  feet  in  height,  the 
site  quality  is  classified  as  poor  (site  index  40). 

DETERMINATION  OF  STOCKING 

From  the  cruise  data  in  hand,  map  out  the  major  age-site  divisions 
and  compute  for  each  the  average  age,  site,  and  basal  area,  the  latter 
being  readily  calculated  from  the  stand  tally  of  trees  by  diameter 
class.  Then  for  each  major  area  divide  the  computed  average  basal 
area  by  the  jdeld-table  basal  area  for  the  same  age  and  site  index, 
expressing  the  result  as  a  percentage.  The  tabular  yields  at  any 
future  age  for  the  same  site  index  multiplied  by  tliis  percentage  will 
give  the  yields  to  be  expected  at  that  age. 

For  example:  Given  a  stand  80  years  of  age  with  an  average  basal 
area  per  acre  of  184  square  feet  and  a  site  index  of  60  feet;  to  predict 
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the  jdelds  in  basal  area,  cubic  volume,  and  board-foot  volume  when 
this  stand  reaches  120  years,  or  rotation  age: 
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Figure  11.— Alinement  chart  tor  determining  site  index  from  age  of  stand  and  height  of  average 

dominant  white  pine 


=  184  square  feet. 
=  263  square  feet. 
=   70  per  cent. 

^international  rule — 6.6   inches 


At  80  years,  site  index  60: 

Actual  basal  area 
Yield-table  basal  area 
Percentage  of  stocking 

Yield-table   values   at    120  years 
b.  li.  and  larger): 

Basal  area  =       314  sciuarc  feet. 

Cubic  volume  =  13,950  cubic  fest. 

Total  board-foot  volunie  =  91,200  board  feet. 

These  values  reduced  for  70  per  cent  stocking  are: 

Basal  area  =       220  square  feet. 

Cubic  volume  -    9,(557  cubic  feet. 

Total  board-foot  volume  =  63,840  board  feet. 
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A  conservative  operator  would  reduce  these  predicted  yields  by 
at  least  10  per  cent  more  to  allow  for  breakage  in  logging  and  defect. 

OTHER  FEATURES  OF  APPLICATION 

The  method  of  application  here  suggested  is  the  conventional  one 
of  applying  normal-yield  tables.  It  has  been  tried  on  a  fairly  large 
scale  in  the  Douglas  fir  region  and  found  workable  and  satisfactory 
as  far  as  the  field  work  is  concerned.  It  is  based  on  the  assumption 
that  the  present  relationship  between  actual  and  tabular  yields  will 
be  the  same  at  any  period  in  the  future  witliin  the  tabular  limits. 
This  assumption  is,  of  course,  subject  to  some  error.  For  example, 
there  is  considerable  evidence  that  understocked  stands  tend  to 
approach  or  equal  tabular  yields  with  increase  in  age.  Changes  in 
this  relationsliip  might  also  be  brought  about  through  the  influence 
of  stand  composition,  through  a  material  increase  in  the  amount  of 
defect,  through  the  influence  of  climate,  particularly  of  wet  and  dry 
cycles,  or  through  further  losses  caused  by  snow  breakage,  insects, 
or  disease.  Nevertheless,  the  method  suggested  is  the  best  now 
available  and  should  prove  entirely  satisfactory  under  our  present 
economic  conditions  and  rough  methods  of  management. 

When  board-foot-volume  predictions  only  are  desired  and  the  stand 
is  sufficiently  advanced  in  years  to  contain  a  reasonable  number  of 
trees  of  merchantable  size,  a  somewhat  simpHfied  procedure  may  be 
adopted.  Age  and  site  class  must  be  determined  as  before.  But 
degree  of  stocking  can  be  computed  by  simply  counting  on  represent- 
ative areas  the  total  number  of  trees  above  the  chosen  diameter 
limit;  for  example,  the  number  of  trees  in  and  above  the  7  inch  or 
13  inch  diameter  class.  This  number  should  be  expressed  as  a  per- 
centage of  the  tabular  number  above  such  Hmits  for  the  same  age- 
site  condition.  Then  the  tabular  figures  for  board-foot  yields  above 
similar  diameter  limits  multiplied  by  this  percentage  figure  will  give 
the  predicted  board-foot  yields.  Tliis  method  is  recommended  for 
short-time  predictions  only.  Where  appHcable,  it  is  probably  more 
accurate  than  the  conventional  method. 

The  Forest  Service  is  now  conducting  several  studies  in  an  attempt 
to  check  and  improve  the  application  of  normal-yield  tables  {11). 
If,  as  is  expected,  one  of  these  studies  should  be  undertaken  in  the 
western  white  pine  type,  it  may  make  possible  a  better  definition  of 
the  board  foot-basal  area  relationship  and  of  other  improvements  in 
application  technic. 

DISCUSSION  OF  STAND  TABLES 

Stand  tables  ordinarily  show^  numbers  of  trees  per  acre  arranged  by 
diameter  classes.  They  may  also  be  made  to  show  the  percentage 
of  total  number  of  trees  per  acre,  or  the  percentage  of  the  total  volume 
per  acre  found  in  each  diameter  class  or  above  any  diameter  limit. 
Tables  25  to  34  give  the  proportion  of  number  of  trees,  basal  area, 
cubic  and  board  foot  volume  occurring  above  various  diameter 
limits  in  fully  stocked  western  white  pine  stands. 

125913°— 32 2 
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APPUCATION  OF  STAND  TABLES 

To  apply  these  tables  it  is  necessary  to  know  only  the  average 
diameter  of  the  stand  and  the  tota,l  number  of  trees,  basal  area,  or 
volume  per  stand  or  unit  of  area.  For  example,  the  yield  tables  show 
that  120-year-old  fully  stocked  stands  on  good  sites  contain  on  an 
average  390  trees,  with  an  average  diameter  of  12.2  inches  breast 
high.  The  stand  tables,  properly  interpolated  for  an  average  diameter 
of  12.2  inches,  furnish  the  percentage  of  total  number  of  trees  above 
various  diameter  limits.  Then  a  series  of  readings  at  successive 
diameter  limits,  each  reading  subtracted  in  turn  from  the  preceding 
tabular  value,  give  the  percentage  of  trees  in  each  individual  diameter 
class.  These  percentage  values  are  easil}^  converted  into  actual 
number  of  trees  by  multiplying  by  the  total  number  of  trees  in  the 
stand,  in  this  case  390.  Table  2  was  derived  in  this  way.  The 
number  of  trees  in  any  single  diameter  class  or  above  any  given  diam- 
eter limit  can  be  computed  in  this  manner  for  any  stand  for  which  the 
average  diameter  and  total  number  of  trees  are  known.  Basal  area 
and  cubic  and  board  foot  values  can  be  obtained  in  similar  fashion. 

Table  2. — Sample  computation  of  stand  table,  showing  the  distribution  of  trets 
in  a  fully  stocked  120-year-old  stand  on  good  site  {site  index  60) 


Diameter  breast  high  (inches) 

Distribution  of  trees 
by  diameter  class 

Diameter  breast  high  (inches) 

Distribution  of  trees 
by  diameter  class 

1-4 

Per  cent 
18 
21 
21 
22 

Number 
70 
82 
82 
86 

17-20 

Per  cent 

13 

5 

Number 
51 

.5-8 - 

21-24+ 

19 

9-12 

Total 

13-16 

100 

390 

The  stand  tables,  therefore,  make  an  excellent  supplement  to  the 
yield  tables  proper,  for  they  add  to  the  yield-table  figures  on  total 
number  of  trees  or  volumes  per  acre,  additional  information  on  the 
number  of  trees  of  different  sizes,  and  the  volume  above  various 
diameter  limits.  These  figures  are  obviously  of  considerable  interest 
and  value  to  any  operator  or  forest  manager  who  is  contemplating 
diameter-limit  cuttings,  or  who  wishes  to  know  about  how  many 
trees  or  what  percentage  of  the  total  volume  will  be  available  for 
various  products,  depending  somewhat  on  size;  for  example,  ties, 
pulpwood,  or  saw  timber. 

EFFECT  OF  STOCKING  AND  COMPOSITION 

The  stand  tables  are  directly  applicable  only  to  fully  stocl^ed 
stands  of  average  composition.  They  should,  however,  fm'nish  satis- 
factory^ approximations  of  the  distribution  of  trees  and  volumes  in 
stands  approaching  full  stocking,  a  condition  fahly  common  in  the 
western  white  pine  type,  in  which  well-stocked  stands  exclusive  of 
large  openings  average,  as  has  been  said,  about  70  per  cent  of  normal. 

Composition,  of  course,  also  affects  tree  distribution,  tolerant 
species  tending  to  concentrate  in  the  smaller  diameter  classes  and 
intolerant  ones  in  the  larger.  The  general  tendency,  therefore,  is  to 
iinflorestimate  the  number  of  small  trees  and  overestimate  the  num])or 
of  hirgo  trees  in  stands  niiniing  lieavily  to  cedar  and  hemlock.  Tliese 
errors  due  to  conii)osition  arc  not  very  serious,  and  may  be  eliminated 
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entirely  for  number  of  tree  values  by  the  use  of  tables  showing  the 
distribution  b}^  diameter  of  trees  of  indi\ddual  species.  Tables  20 
to  31,  inclusive,  show  the  distribution  of  the  number  of  trees  for  the 
six  most  common  species  in  the  western  white  pine  type.  To  use  these 
tables  it  is  necessarj^  to  know  only  the  average  diameter  of  the  stand, 
all  species  included,  and  the  number  of  trees  of  each  species  per  unit 
of  area.  Then,  dealing  with  each  species  separately,  the  percentage 
of  trees  in  each  diameter  class  is  computed  as  before.  The  percentages 
for  each  species  are  then  multiplied  by  the  total  number  of  trees  of 
that  particular  species  per  unit  of  area,  and  the  number  of  trees  of 
each  species  in  the  various  diameter  classes  derived  in  this  way.  The 
values  for  each  diameter  class  are  then  added  to  obtain  the  total 
number  of  trees  in  each  class  for  this  particular  stand  composition. 

DISCUSSION  OF  VOLUME  TABLES 

Volume  tables  show  the  contents  of  trees  of  various  sizes  in  terms 
of  some  standard  unit,  such  as  cubic  or  board  feet.  Tables  35  to  64 
give  the  volumes  of  the  six  most  important  species  occurring  in  the 
western  white  pine  type,  namely,  western  white  pine,  western  larch, 
western  red  cedar,  Douglas  fir,  lowland  white  fir,  and  western  hem- 
lock. Tables  are  given  in  both  cubic  and  board  feet,  the  latter  in 
both  the  international  (%-inch)  and  Scribner  rules  to  both  total  and 
merchantable  height. 

These  vohmie  tables  list  correct  values  only  for  trees  of  the  species 
named  occurring  in  western  white  pine  stands  under  160  years  of  age. 
Within  these  limits,  however,  they  are  usable  throughout  the  entire 
western  white  pine  region,  regardless  of  general  locality  or  site  con- 
ditions, for  a  careful  mathematical  analysis  indicates  that  these 
factors  have  little  eft'ect  on  tree  form  in  second-growth  stands  and 
hence  on  tree  volume  when  the  variables  of  diameter  and  height  are 
eliminated.  Some  adjustment  may  be  necessary  in  local  use,  how- 
ever, and  the  procedure  to  be  followed  in  checking  and  adjusting 
the  tables  is  explained  in  detail  in  the  volume-table  section  of  the 
appendix. 

YIELD  TABLES 

TOTAL  STAND 

Table  3. — Number  of  trees  per  acre  0.6  iiich  d.  b.  h.  and  larger 


Number  of  trees,  by  site  index— 

Number  of  trees, 

by  site  indes 

Total  age 

Total  age 
(years) 

(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

20 

15, 800 

11, 500 

7,800 

4,700 

2,800 

2,050 

100 

1,700 

1,220 

820 

480 

300 

215 

30 

10,  950 

8,050 

5,220 

3,180 

1,940 

1,420 

110 

1,480 

1,000 

720 

420 

260 

185 

40 

7,750 

5,600 

3,650 

2,210 

1,370 

1,000 

120 

1,350 

980 

660 

390 

235 

170 

50 

5,600 

4,070 

2,680 

1,590 

1,000 

710 

130 

1,290 

930 

630 

370 

225 

165 

60 

4,150 

3,020 

2,000 

1,190 

760 

540 

140 

1,250 

910 

610 

355 

220 

160 

70 

3,180 

2,300 

1,550 

930 

580 

410 

150 

1,220 

900 

600 

350 

215 

155 

80 

2,500 

1,830 

1, 230       720 

450 

320 

160 

1,210 

890 

590 

345 

215 

155 

90- 

2,030 

1,460 

990,      580 

360 

260 
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Table  4. — Size  of  average  tree,  based  on  diameter  breast  higJi  of  tree  of  average  basal 

area 


Average  diameter  breast  high  (in 

ches), 

Average  diameter  breast  high  (inches). 

Total 

by  site  inde.x 

— 

Total 

by  site  index— 

age 

age 
(years) 

(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

20 

0.7 

0.8 

1.0 

1.3 

1.7 

2.0 

100 

5.5 

6.5 

8.0 

10.5 

13.5 

16.0 

30. 

1.3 

1.5 

1.9 

2.4 

3.1 

3.7 

110 

6.0 

7.1 

8.8 

11.5 

14.7 

17.5 

40 

1.8 

2.2 

2.7 

3.5 

4.5 

,5.3 

120 

6.4 

7.6 

9.3 

12.2 

15.7 

18.6 

50 

2.4 

2.9 

3.6 

4.7 

5.9 

7.1 

1.30 

6.7 

7.9 

9.7 

12.7 

16.3 

19.3 

60 

3.1 

3.6 

4.5 

5.8 

7.4 

8.8 

140 

6.8 

8.1 

10.0 

13.1 

16.7 

19.9 

70 

3.7 

4.3 

5.3 

7.0 

8.9 

10.6 

150 

7.0 

8.2 

10.2 

13.4 

17.0 

20.3 

80... 

4.3 

5.1 

6.2 

8.2 

10.4 

12.4 

160 

7.1 

8.3 

10.3 

13.6 

17.2 

20.5 

90 

4.9 

5.8 

7.1 

9.4 

12.0 

14.2 

Table  5. — Basal  area  per  acre  in  trees  0.6  inch  d.  h.  h.  and  larger 


Total 

Basal  area  (square  feet),  by  site  index— 

Total 

age 
(years) 

Basal  area  (square  feet),  by  site  index— 

age 
(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

20 

30 

40 

50 

60 

70 

80 

90 

44 
99 
144 
182 
212 
235 
253 
269 

45 
100 
146 
184 
■     215 
238 
257 
272 

46 
101 
148 
186 
218 
241 
260 
275 

46 
102 
149 
189 
221 
244 
263 
279 

47 
104 
151 
191 
223 
247 
266 
282 

47 
105 
153 
194 
226 
250 
270 
286 

100 

110 

120 

130 

140 

150 

160 

282 
293 
302 
311 
319 
326 
333 

286 
296 
306 
315 
323 
331 
338 

289 
300 
310 
319 
327 
335 
342 

292 
304 
314 
323 
331 
339 
346 

296 
308 
318 
327 
335 
343 
350 

300 
311 
322 
331 
340 
348 
354 

Table  6.  —  Total  cubic-foot  volume  per  acre,  includiiig  stump  and  tip  but  not  bark  for 

all  trees  0.6  inch  d.  b.  h.  and  larger 


Total 

Volume  (cubic  feet),  by  site  index — 

Total 

Volume  (cubic  feet),  by  site  index— 

age 

age 

1 

(years) 

30 

40 

50 

60 

70 

80 

(years) 

30 

40 

,50 

CO 

70 

80 

20 

170 

240 

320 

400 

470 

MO 

100 

6,720 

8,420 

10,100 

11,850 

13,  500 

15,400 

30 

700 

880 

1,050 

1,220 

1,390 

1,570 

110 

7, 350 

9,250 

11, 150 

13,000 

14,800 

16, 850 

40 - 

1,500 

1,890 

2,270 

2, 650 

3,030 

3,400 

120 

7,890 

9,980 

12,000 

13, 9,50 

15,900 

18, 100 

50. - 

2,400 

3,040 

3,640 

4,210 

4,830 

5, 470 

130 

8,360 

10,  550 

12,700 

14,  750 

16,800 

19,100 

60 

3, 370 

4,210 

5, 050 

.5,880 

6,710 

7,  (iOO 

140 

8,740 

11,000 

13,2.50 

15,400 

17,  .500 

19,900 

70 

4,280 

5, 400 

6,  4,50 

7,500 

8,560 

9,730 

150 

9,010 

11,350 

13,700 

15,9,50 

18,100 

20,  550 

80 

5, 160 

6,500 

7,  750 

9,000 

10,  350 

11,750 

160 

9,200 

11,650 

14,000 

16, 350 

18,  450 

21,000 

90 

5,980 

7,500 

8,980 

10,  4,50 

12,000 

13, 650 

Table  7. — Mean  annual  cubic-foot  increment  per  acre  in  trees  0.6  inch  d.  b.  h.  and 

larger 


Total 

age 
(years) 

Increment  (cubic  feet),  by  site  index— 

Total 

age 

(years) 

Increment  (cubic  feet),  by  site  index— 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

20. 

30 

40 

60 

60.. 

70 

80 

90 

8 
23 
38 
48 
56 
61 
64 

m 

12 
29 
47 
61 
70 
77 
Ml 
83 

16 
35 
57 
73 
84 
92 
97 
100 

20 
41 

66 

84 

98 

107 

112 

116 

24 

46 

76 

97 

112 

122 

129 

133 

27 
52 
85 
109 
127 
139 
147 
1,52 

100.. 

110.. 

120 .. 

130.. 

140 

150 

160 

67 
67 
66 
64 
62 
60 
58 

84 
84 
83 
81 
79 
76 
73 

101 
101 
100 
98 
95 
91 
88 

118 
118 
116 
113 
110 
lOfi 
102 

135 
135 
132 
129 
125 
121 
115 

154 
153 
151 
147 
142 
137 
131 

SECOND-GROWTH  YIELD  IN  WESTERN  WHITE  PINE 
TREES  6.6  INCHES  D.  B.  H.  AND  LARGER 

Table  8. — Number  of  trees  per  acre  6.6  inches  d.  h.  h.  and  larger 


21 


Total  age 

Number  of  trees,  by  site  index— 

Total  age 
(years) 

Number  of  trees,  by  site  index— 

(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

20 

5 
100 
220 
295 
305 
280 
245 
215 

100 - 

no -. 

120 

130 

140 

150 

160 

425 
455 
470 
480 
490 
495 
500 

440 
450 
455 
460 
465 
470 
475 

420 
405 
400 
395 
390 
390 
390 

330 
310 
295 
285 
280 
280 
275 

240 
220 
205 
200 
195 
195 
195 

185 

30 

30 
130 
255 
340 
370 
370 
360 

70 
200 
295 
335 
330 
305 
270 

170 

40 

25 
105 
200 
295 
370 
420 

65 
170 
275 
355 
405 
420 

160 

50..- 

60 

70... 

80 

90 

50 
140 
230 
310 
380 

155 
(') 
(') 
(') 

'  No  data. 

Table  9. — Average  diameter  of  trees  per  acre,  6.6  inches  d.  b.  h.  and  larger 


Total  age 
(years) 

Average  diameter  breast  high  (inches), 
by  site  index — 

Total  age 
(years) 

Average  diameter  breast  high  (inches), 
by  site  index— 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

20 

7.4 

8.1 

8.9 

9.9 

11.1 

12.5 

14.0 

15.5 

100 

110 

120 

130 

140- 

150 

160 

9.0 
9.3 
9.5 
9.7 
9.8 
9.9 
9.9 

9.6 
9.9 
10.2 
10.4 
10.6 
10.7 
10.8 

10.5 
11.1 
11.5 
11.8 
12.0 
12.2 
12.3 

12.4 
13.2 
13.8 
14.2 
14.5 
14.8 
15.0 

14.9 
16.0 
16.8 
17.3 
17.7 
18.0 
18.1 

17  1 

30 

7.5 
8.0 
8.6 
9.2 
9.9 
10.7 
11.5 

7.8 
8.5 
9.2 
10.1 
11.1 
12.3 
13.6 

18  4 

40 

7.5 
7.  7 
8.0 
8.4 
8.8 
9.2 

7.  7 
8.0 
8.5 
8.9 
9.4 
9.9 

19  3 

50 

60 

70 

80 

90 

7.5 

7.8 
8.1 
8.4 
8.7 

19.8 
(') 
(') 
(1) 

•  No  data. 

Table  10. — Basal  area  per  acre  in  trees  6.6  inches  d.  b.  h.  and  larger 


Basal 

area  (square  feet),  by  site  index— 

Basal 

area  (square  feet),  by  site  index— 

Total  age 

Total  age 

(years) 

(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

20 

1 

100 

189 

221 

251 

277 

290 

09g 

30 

0 

23 

35 

110 

214 

241 

271 

293 

304 

312 

40 

8 

21 

45 

79 

94 

120 

231 

258 

286 

305 

315 

323 

50 

15 

33 

60 

103 

137 

157 

130 

245 

271 

298 

315 

326 

333 

60 

47 

69 

108 

157 

187 

205 

140 

255 

283 

307 

324 

335 

(') 

70 

83 

113 

154 

199 

223 

238 

150 

264 

293 

316 

332 

343 

(') 

80 

120 

157 

194 

232 

252 

261 

160 

271 

302 

323 

339 

349 

(I) 

90 

158 

194 

225 

258 

273 

281 

'  No  data. 
Table  U. 


-Total  board-foot  volume  per  acre  in  trees  6.6  inches  d.  b.  h.  and  larger, 
international  rule,  Ys-inch  saw  kerf 


Total 
age 

Volume  (board  feet),  by  site  index— 

Total 

age 

(years) 

Volume  (board  feet),  by  site  index— 

(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

20 

100 
2,900 
12,000 
26,  200 
43,000 
60,700 
77,200 
92,800 

100 

24  700 

38,000 
45,  100 
51,000 
55,600 
59,200 
61,700 
63,600 

54,300 
63,  100 
70,300 
75,900 
80,400 
83,600 
85,900 

73,500 

83,  200 

91,200 

97,500 

102,  700 

106,700 

109,900 

90,500 
100,900 
109, 400 
115,900 
121,  300 
125,  400 
128,600 

106  100 

30 

600 
4,400 
12,300 
23,300 
36,000 
48,700 
61,500 

1,700 
8,300 
19,500 
33, 800 
48,800 
63,  500 
78,000 

110 

120 

130 

140 

150 

160 

30,  200 
34,800 
38,400 
41,000 
43,100 
44,700 

117,300 
126  500 

40 

500 

3,200 

7,500 

13,900 

21,600 

29,900 

1,900 
6,500 
13,  700 
22,800 
33,300 
44,100 

50 

60 

70 

80 

90 

1,300 

3,900 

8,000 

13, 100 

18,800 

133,  700 
(') 

s 

'  No  data. 
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Table  12. — Mean  annual  board-foot  increment  per  acre  in  trees  6.6  inches  d.  b.  h. 
and  larger,  international  rule,  ji-inch  saw  kerf 


Total 

Increment  (board  feet),  by  site  index— 

Total 

age 

(years) 

Increment  (board  feet),  by  site  index— 

(years) 

30 

40 

50 

00 

70 

80 

30 

247 
275 
290 
295 
293 
287 
279 

40 

50 

60 

70 

80 

20 

5 
97 
300 
524 
717 
867 
965 
1,031 

100 

110 

120 

130 

140 

1,50 

160 

3S0 
410 
425 
428 
423 
411 
398 

543 
574 
586 
584 
574 
557 
537 

735 
756 
760 
750 
734 
711 
687 

905 
917 
912 
892 
866 
836 
804 

1  061 

30 

20 
110 
246 
388 
514 
609 
683 

57 
208 
390 
563 
697 
794 
867 

1  066 

40 

12 
64 
125 
199 
270 
332 

48 
130 
228 
326 
416 
490 

1  054 

50.. 

60 

70 

80. 

90 

26 

65 

114 

164 

209 

1,028 
(') 
(') 
(0 

•  No  data. 
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Table   13.  — Board-foot  volume  per  acre  in  trees  7.6  inches  d.   b.  h.   and  larger, 

Scribner  rule 


Total 

Volume  (board  feet),  by  site  index — 

Total 

age 

(years) 

Volume  (board  feet),  by  site  index — 

age 
(years) 

30 

40 

00 

CO 

70 

80 

30 

40 

50 

60 

70 

80 

20. 

100 

110- 

120 

130 

140 

150 

160 

13,600 
17,500 
20, 800 
23, 300 
25, 400 
27,000 
28,200 

22,600 
28,300 
33,100 
36,  700 
39, 400 
41,  500 
43,  200 

36,300 
43,600 
49,500 
.54, 100 
57, 900 
60, 600 
62,300 

53,  500 
62, 100 
68,700 
73,  700 
77,600 
80, 900 
83,  700 

68,500 
77,500 
84,  700 
90,  500 
95,  100 
98,  000 
100,  500 

82,  .500 

30 

150 
1,700 
6,000 
13,  100 
22,  500 
32, 800 
43,300 

450 
3,900 
11, 100 
21,700 
33,800 
46,  500 
58,300 

1,200 
6,200 
16, 400 
29,700 
44,300 
58,200 
71.300 

9''  000 

40     .     -- 

50 

900 

2,900 

6,500 

11,300 

16,800 

400 

2,500 

6,600 

12,  .300 

19.500 

27, 900 

99, 400 

105,  800 

(') 

(1) 

« 

50 

60 

70 

80 

90 

250 
1,100 
3,200 
6,000 
9,600 

'  No  data. 

Table  14. — Mean  annual  increment  in  trees  7.6  inches  d.  b.  h.  and  larger,  Scribner 

rule 


Total 

Increment  (board  feet),  by  site  index— 

Total 

Increment  (board  feet),  by  site  index — 

age 

age 

(years) 

30 

40 

50 

60 

70 

80 

(years) 

30 

40 

50 

60 

70 

80 

20 

100. 

136 

226 

363 

535 

685 

825 

30 

5 

15 

40 

110 

159 

257 

396 

565 

705 

836 

40 

1 

10 

42 

98 

155 

120 

173 

076 

412 

572 

706 

828 

50 

5 

18 

50 

120 

222 

328 

130 

179 

282 

416 

567 

696 

814 

60 

18 

48 

110 

218 

362 

495 

140 -. 

181 

281 

414 

554 

679 

(>) 

70 

46 

93 

170 

321 

483 

633 

150 

180 

277 

404 

539 

657 

(') 

80 

75 

141 

244 

410 

581 

728 

160 

170 

270 

389 

523 

628 

(') 

90 

107 

187 

310 

481 

648 

792 

1  No  data. 


TREES  12.C  INCHES  D.  B.  H.  AND  LARGER 

Table  15. — Number  of  trees  per  acre  12.6  inches  d.  b.  h.  and  larger 


Total 

Number  of  trees,  by  site  index— 

Total 

age 

(years) 

Number  of  trees,  by  site  index— 

age 
(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

40' 

4 

17 

49 

86 

115 

134 

145 

8 
38 
78 
110 
132 
139 
137 

110 

120 

130 

140 

1.50 

160 

31 
40 
48 
66 
60 
64 

57 
71 
82 
90 
97 
102 

101 
116 
12.S 
138 
144 
147 

143 
15;{ 
159 
164 
167 
171 

147 
147 
147 
148 
148 
149 

131 

60 

1 
5 
14 
31 
54 
80 

4 

19 

44 

76 

106 

128 

120 

60 

1 

5 

13 

24 

41 

(=) 
{') 
(') 
(») 

70 

80 

90 

100 

1 

6 

12 

22 

'  No  12.6-inch  trees  below  40-year  class. 


'  No  data. 
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Table  16. — Average  diameter  of  trees  12.6  inches  d.  b.  h.  and  larger 


Total 
age 

Average  diameter  breast  high  (inches), 
by  site  index— 

Total 

age 

(years) 

Average  diameter  breast  high  (inches), 
by  site  inde.x 

(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

40' 

13.8 
14.1 
14.5 
15.0 
15.7 
16.6 
17.5 

14.0 
14.4 
15.0 
15.8 
16.8 
17.9 
19.0 

110- 

120 ._ 

130 

140_ - 

150 

160. - 

14.1 
14.2 
14.3 
14.3 
14.4 
14.4 

14.4 
14.  6 
14.7 
14.8 
14.8 
14.8 

15.0 
1,5.2 
1.5.4 
15.5 
15.6 
15.7 

16.3 
16.7 
17.0 

17.2 
17.4 
17.5 

18.2 
18.8 
19.2 
19.4 
19.6 
19.7 

19.9 

50 

13.8 
13.8 
14.0 
14.1 
14.4 
14.7 

13.8 
14.0 
14.4 
14.8 
15.3 
15.8 

20.6 

60 

13.8 
13.8 
13.9 
14.0 
14.2 

m 

70 

80 

90 

100 

13.8 
13.8 
13.9 
14.0 

(2) 

I  iSTo  12.6-inch  trees  below  40- year  class.  "       '  No  data. 

Table  17. — Basal  area  per  acre  in  trees  12.6  inches  d.  b.  h.  and  larger 


Total 

Basal 

area  (square  feet),  by  site  index— 

Total 

Basal 

area  (square  feet),  by  site  inde.x— 

age 

age 

(years) 

30 

40 

50 

60 

70 

80 

(years) 

30 

40 

50 

60 

70 

80 

401.- 

4 

19 

56 

105 

9 

43 

96 

150 

110 

120 

130 

140- 

34 
44 
54 
62 

65 

83 

97 

108 

124 

146 
166 
181 

207 
232 
251 
265 

266 
283 
296 
304 

283 

50-    .- 

1 

5 

15 

4 

20 
50 

292 

60 

1 
5 

(2) 

70 -- 

1 

m 

80 

5 

14 

34 

91 

154 

203 

150 

68 

116 

191 

276 

310 

(■') 

90 .— 

13 

26 

61 

135 

202 

243 

160 

72 

122 

198 

286 

315 

{') 

100- 

24 

45 

94 

175 

242 

270 

1  No  12.6-inch  trees  below  40-year  class. 


2  No  data. 


Table  18. — Board-foot  volume  per  acre  ?n  trees  12.6  inches  d.  b.  h.  and  larger,  inter- 
national rule  {}i-inch  saw  kerf) 


Total  age 
(years) 

Volume  (board  feet) ,  by  site  index— 

Total  age 
(years) 

Volume  (board  feet),  by  site  index— 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

401 

600 
4,  .500 
13,  400 
28,  200 
46,  000 
64,  800 
81,  000 

2,000 
9,000 
24, 300 
45,  000 
65,  600 
84,  500 
100,  700 

110 

120 

130- 

140 

150 

160 

7,100 
9,700 
11,900 
13,  600 
14, 800 
15,700 

15,  700 
21, 000 
25, 200 
28, 100 
30, 200 
31,  700 

35,  500 
44.100 
.50, 900 
55,  600 
58,  200 
60,  200 

66, 800 
76,  300 
84, 100 
90,  300 
95,  200 
98,  900 

93,  500 
103,  300 
110,600 
116,100 
120,  300 
123,  600 

113,500 

50.   - 

50 

1,000 

3,600 

8,400 

15,  500 

25,  000 

1,300 
5, 000 
12,  300 
24, 100 
38,  600 
54,  000 

122. 400 

60 

50 

1,000 

3,200 

6,600 

11,000 

(2) 

70 

80 

90 

100 

100 

700 

2,400 

4,600 

(2) 
(2) 
(2) 

1  No  12.6-inch  trees  below  40-year  class. 


2  No  data. 


Table  19. — Board-foot  volume  per  acre  in  trees  12.6  inches  d.  b.  h.  and  larger, 

Scribner  rule 


Total  age 
(years) 

Volume  (board  feet),  by  site  index— 

Total  age 
(year.s) 

Volume  (board  feet),  by  site  inde.x— 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

401 

400 
3,300 
10,  300 
21,  200 
34,  600 
.50, 300 
63,  200 

1,400 
7,000 
17, 800 
34, 000 
50,  500 
65,  500 
79, 100 

110 

120 

130 

140 

150 

160 

5,400 
7,600 
9,  500 

10,  900 

11,  700 

12,  500 

12,400 
16,  000 
18,800 
21,000 
22,  700 
24,  300 

26,  100 
32,  200 
37, 000 
41,000 
43,  800 
45,  500 

50, 800 
59,  000 
65,  200 
70,  500 
74, 400 
76,900 

73,  400 
81,  000 
87,  000 
91,  600 
94, 800 
96, 800 

88,  600 

50 

50 

700 

2,800 

6, 500 

12, 100 

19,  200 

800 

3,700 

9,700 

17,900 

28,  700 

40,  300 

96, 000 

60 

50 

600 

2,300 

4,800 

8,300 

(2) 

70 

80 

90 

100 

100 

500 

1,600 

3,300 

(2) 
(2) 

1  Nq  12.6-inch  trees  below  40-year  class. 


8  No  data. 
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Table  20. — Mean  annual  board-foot  increment  per  acre  in  trees  12.6  inches  d.  b.  h. 
and  larger,  international  rule  {y%-inch  saw  kerf) 


Total  age 

Increment  (board  feet),  by  site  index — 

(years) 

30 

40 

50 

60 

70 

80 

30'  -  - 

2 
50 
180 
405 
643 
820 
939 

40 

15 

90 

223 

403 

575 
720 

50 

1 

17 

51 

105 

172 

26 

83 

176 

301 

429 

60 

1 
14 
40 
73 

70 

80 ._ 

90 

1 

9 

27 

Total  age 
(years) 


100 
110 
120 
130 
140 
150 
160 


Increment  (board  feet),  by  site  in 

30 

40 

50 

60 

70 
810 

46 

110 

250 

540 

65 

143 

323 

607 

850 

81 

175 

368 

636 

861 

92 

194 

392 

647 

851 

97 

201 

397 

645 

829 

99 

201 

388 

635 

802 

98 

198 

376 

618 

772 

80 


1,007 
1,032 
1,020 
(2) 


1  No  12.6-inch  trees  below  30-year  class. 


2  No  data. 


Table  21.' — Mean  annual  board-foot  increment  per  acre  in  trees  12.6  inches  d.  b.  h. 

and  larger,  Scribner  rule 


Increment  (board  feet),  by  site  inde.x— 

Increment  (board  feet),  by  site  inde.x— 

Total  age 

Total  age 
(years) 

(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

40 ' 

10 

66 

172 

303 

35 
140 
297 

486 

110 

120 

130 

140 

49 
63 
73 

78 

113 
133 
145 
150 

237 

268 
285 
293 

462 
492 
502 
504 

667 

675 
669 
6.54 

805 

50 

1 
12 
40 

16 

62 

139 

800 

60 

1 
9 

(') 

70 

1 

(2) 

80 --- 

6 

29 

81 

224 

433 

631 

150 .- 

78 

151 

292 

496 

632 

0) 

90.. - 

18 

53 

134 

319 

5.59 

728 

160 

78 

152 

284 

481 

6a5 

m 

100 

33 

83 

192 

403 

632 

791 

1  No  12.6-inch  trees  below  40-year  class.  2  No  data. 

DOMINANT  STAND 

Table  22. — Average  diameter  of  dominant  stand  (dominant  and  codominanl  trees) 


Total  age 

Average  dJE 

meter  brea,st  high'(inches), 
by  site  index — 

(years) 

30 

40 

50 

60 

70 

80 

20 

1.0 

1.2 

1.5 

2.1 

2.9 

3.4 

30 -- 

2.  1 

2.5 

3.1 

4.1 

.5.2 

6.2 

40 

3.1 

3.7 

4.6 

5.9 

7.4 

8.6 

50 - 

4.1 

4.9 

6.0 

7.7 

9.4 

11.0 

60 -- 

5.2 

0.0 

7.4 

9.3 

11.3 

13.0 

70 

6.2 

7.1 

8.6 

10.8 

13.1 

14.9 

80 

7.1 

8.3 

9.9 

12.3 

14.7 

16.7 

90 

8.1 

9.3 

11.0 

13.6 

16.3 

18.3 

Total  age 

(years) 


100 
110 
120 
130 
140 
1.50 
160 


Average  diameter  breast  high  (inches), 
by  site  index — 


30 


8.9 
9.6 
10.1 
10.  5 
10.7 
10.8 
11.0 


40 


10.2 
11.0 

11.6 
12.0 
12.2 
12.3 

12.4 


50 


12.1 
13.0 
1.3.6 
14.0 
14.3 
14.5 
14.6 


60 


14.8 
15.8 
16.5 
17.0 
17.3 
17.5 
17 


70 


17.6 
18.7 
19.5 
20.  1 
20.4 
20.7 
20.8 


80 


19.8 

21.0 

(') 

(') 

(') 

(') 

(') 


>  No  data. 


Table  23. 


-Cubic-foot  volume  per  acre  in  dominant  stand  {dominajit  and 
codominant  trees) 


Total 

Volume  (cubic  feet),  by  site  index— 

Total 
age 

Volume  (cubic  feet),  by  site  index— 

age 

(years) 

30 

40 

60 

60 

70 

80 

(years) 

30 

40 

60 

60 

70 

80 

20 

100 

150 

200 

2.50 

300 

350 

100 

4,  8.50 

6.200 

7.700 

9,400 

11,400 

13,  650 

30 

4.50 

5.50 

700 

8.50 

950 

1,  100 

110 

5,350 

6,  900 

8,600 

10,  550 

12, 8(K) 

15, 3.50 

40 

i,(m 

1,2.50 

1,500 

1,800 

2,100 

2. 4,50 

120 

5,800 

7, 500 

9, 350 

11,  .500 

14,000 

16,  750 

60 

1,600 

2,  050 

2,  .500 

3,000 

3,  5(M) 

4,050 

130 

6,  1.50 

8,000 

9, 950 

12,  300 

14. 950 

(') 

60 

2,300 

2,  W)f) 

3,  5.50 

4,  250 

5,  050 

5,  850 

140 

6, 4.50 

8,  350 

10. 450 

12.  950 

15.  700 

(') 

70 

2. 9.50 

3,  KOO 

4.  6.50 

5,  550 

6,  6(M) 

7,  750 

150 

6,700 

8,  650 

10,850 

13.4.50 

16.  300 

(1) 

80 

3,600 

4,  050 

5.  650 

6,  8.50 

8,  250 

9.  700 

160 

6,850 

8,900 

11,150 

13, 850 

16,  700 

(') 

eo 

4,260 

6,  4.50 

6,700 

8,150 

9,850 

11,050 

'  No  data. 
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Table  24.  — Height  of  average  dominant  {dominant  and  codominanl)  western  white 

pine 


Total 

Height  (feet) 

,  by  site  index- 

- 

Total 

age 

(years) 

Height  (feet), 

by  site 

index— 

age 
(years) 

30 

40 

50 

60 

70 

80 

30 

40 

50 

60 

70 

80 

20. 

7 
15 
23 
30 
37 
43 
49 
54 

10 
20 
30 
40 
49 
58 
66 
73 

12 

25 
38 
50 
61 
72 
82 
91 

14 
30 
45 
60 
73 
86 
98 
109 

16 

35 

53 

70 

86 

101 

115 

128 

19 

40 

60 

80 

98 

116 

132 

145 

100. 

no 

120 _ 

130 

140 

150 

160 

59 
63 
66 
68 
70 
72 
73 

79 
84 
88 
91 
94 
96 
98 

99 
105 
110 
114 
117 
120 
122 

118 
126 
132 
137 
141 
144 
146 

138 
147 
154 
160 
164 
168 
17i 

158 

30- 

167 

40.... 

175 

50 

60 

182 
188 

70 

192 

80 

90  -  .- 

195 

STAND  TABLES 

Table  25. — Percentage  distribution  of  trees  in  and  above  successive  diameter  classes 
in  sta7ids  of  different  average  diameter;  all  species  combined 


Distribution  (per  cent)  by  average  stand  diameter 

Diameter 

class 
(inches) 

.g 

Xi 
o 
d 

CO 

» 

S3 
u 

a 

O) 

Si 

o 

a 

to 

S3 
o 

a 

w 
(0 

S3 
o 

a 

CO 

CD 

S3 
o 
0 

00 

m 

S3 
a 

a 

S3 

g 

O 

v 

S3 

g 

to 

a; 
S3 

a 

X! 
o 

g 

CO 

CO 

XI 
o 

a 

Si 

O 

a 

1— ( 

to 
o 

CO 

1— 1 

CO 

S3 
0 

S3 

ZJ 

a 

00 
1— ( 

1 

100 
1 

100 

75 

42 

16 

4 

100 
84 
62 
42 
24 
12 
5 
2 

100 

87 
72 
56 
42 
28 
18 
10 
5 
2 

100 

89 

77 

65 

53 

43 

33 

23 

15 

9 

5 

3 

2 

100 

90 

81 

71 

61 

53 

44 

35 

26 

19 

13 

9 

5 

3 

2 

100 
92 
83 
75 
67 
59 
52 
44 
36 
28 
22 
16 
11 
8 
5 
2 

100 
92 
85 
78 
71 
65 
58 
51 
44 
37 
31 
24 
19 
14 
10 
6 
4 
2 

100 

93 

87 

81 

75 

69 

63 

57 

50 

44 

38 

32 

26 

20 

16 

12 

8 

5 

4 

2 

100 

94 

89 

83 

78 

73 

67 

62 

56 

50 

44 

39 

33 

27 

22 

17 

13 

9 

6 

5 

3 

2 

100 
96 
92 
86 
81 
76 
71 
66 
60 
55 
50 
44 
38 
33 
27 
22 
17 
13 
10 
7 
5 
3 
2 

100 
98 
95 
91 
86 
81 
76 
71 
66 
61 
55 
50 
44 
39 
33 
27 
22 
17 
13 
10 
7 
5 
3 
2 

100 

99 

98 

95 

91 

86 

82 

77 

71 

66 

61 

56 

50 

44 

38 

33 

26 

21 

16 

12 

9 

6 

4 

3 

2 

2 

3 

99 
98 
96 
92 
87 
82 
77 
72 
66 
61 
55 
49 
44 
37 
31 
25 
20 
15 
11 
8 
6 
4 
2 

4 

5.. 

99 
96 
93 
88 
83 
77 
72 
67 
61 
55 
49 
43 
36 
30 
24 
19 
14 
10 
7 
5 
3 

6.  ... 

99 
96 
93 
87 
82 
77 
72 
66 
60 
54 
47 
41 
34 
28 
22 
17 
13 
9 
6 
4 

7 

99 

8 

96 

9  .  -   .. 

q9 

10 

87 

11 

82 

12 

7fi 

13 _ 

70 

14 

64 

15 

58 

16 

51 

17 

45 

18 

38 

19 

31 

20 

?.'i 

21 

19 

22 

l") 

23... 



It 

24 

s 

25 

5 
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Table  26.  — Percentage  distribution  of  trees  in  and  above  successive  diameter  classes 
in  stands  of  different  average  diameter;  western  white  pine  only 


Distribution  (per  cent)  by  average  stand  diameter 

Diameter  class 
(inches) 

"3 

.a 

0 

«3 

0) 

o 

a 

o 
a 

o 

a 

o 

a 

00 

a 
"a 

a 

o 
a 

o 

« 

S3 

o 

a 

Si 
a 

2 

J3 
a 

a 

TO 

s 

"3 
a 

Xi 
o 

a 

to 

a 

1..  

100 
62 

100 

100 

100 

91 

81 

67 

50 

34 

22 

12 

6 

3 

1 

100 

94 

86 

76 

65 

52 

39 

29 

19 

12 

7 

4 

2 

1 

100 

97 

90 

83 

74 

64 

52 

42 

32 

23 

16 

11 

7 

4 

3 

1 

100 

98 

94 

88 

80 

73 

64 

54 

44 

34 

26 

20 

14 

10 

6 

4 

3 

1 

100 

99 

96 

92 

86 

79 

72 

64 

55 

46 

37 

29 

23 

17 

12 

9 

6 

4 

2 

2 

84   89 

3 

51 
19 

4 

72 
50 
29 
14 
6 
2 

98 

95 

90 

85 

78 

71 

64 

54 

46 

38 

31 

24 

19 

14 

10 

7 

4 

3 

2 

1 

99 

97 

63 

89 

83 

77 

71 

64 

55 

47 

40 

33 

26 

21 

16 

11 

8 

5 

3 

2 

1 

A....1 

99 

% 

93 

88 

83 

77 

71 

64 

56 

49 

41 

34 

28 

22 

17 

12 

9 

6 

4 

2 

1 

5.... 

98 

95 

92 

87 

82 

76 

70 

64 

57 

49 

42 

35 
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Table  27. — Percentage  distribution  of  trees  in  and  above  successive  diameter  classes 
in  stayids  of  different  average  diameter;  western  larch  only 


Distribution  (per  cent)  by  average  stand  diameter 

Diameter 

class 
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Table  28.- — Percentage  distrihxdion  of  trees  in  and  above  successive  diameter  classes 
in  stands  of  different  average  diameter;  western  hemlock  only 


Distribution  (per  cent)  by  average  stand  diameter 

Diameter 
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(inclies) 
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Table  29. — Percentage  distribution  of  trees  in  and  above  successive  diameter  classes 
in  stands  of  different  average  diameter;  lowland  white  fir  only 


Distribution  (per  cent)  by  average  stand  diameter 

Diameter  class 
(inches) 
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Table  30.  —  Percentage  distribxdion  of  trees  in  and  above  successive  diameter  classes 
in  stands  of  different  average  diameter;  Douglas  fir  only 


Diam- 

Distribution (per  cent)  bj 

•  average  stand  diameter 
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Table  31. — Percentage  distribution  of  trees  in  and  above  successive  diameter  classes 
in  stands  of  different  average  diameter;  western  red  cedar  only 
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(inches) 

Distribution  (per  cent)  by  average  stand  diameter 
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Table  32.  —Percentage  distribution  of  basal  area  in  and  above  successive  diameter 
classes  in  stands  of  different  average  diameter;  all  species  combined 


Distribution  (per  cent)  by  average  stand  diameter 

Diameter  class 
(inches) 
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95 
92 
88 
83 
78 
71 
65 
58 
49 
40 
32 
22 
18 
13 
9 
6 
4 
2 

8 

98 
97 
94 
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91 
88 
83 
79 
73 
66 
58 
50 
41 
32 
22 
17 
12 
9 
6 
3 
2 

10  

98 
96 
94 
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Table  33. — Percentage  distribution  of  cubic-foot  volume  in  and  above  successive 
diameter  classes  in  stands  of  different  average  diameter;  all  species  combined 


Distribution  (per  cent)  by  average  stand  diameter 

Diameter  class 
(inches) 
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96 

92 

88 

81 

74 

64 

55 

44 

36 

27 

20 

14 

9 

6 

3 

2 

8    

97 

95 

92 

87 

80 

73 

64 

54 

45 

36 

28 

20 

15 

9 

6 

4 

2 

9 

97 
94 
91 
86 
79 
72 
64 
55 
46 
36 
28 
21 
15 
10 
7 
4 
2 

10 

96 
94 
90 
86 
79 
72 
64 
55 
46 
36 
28 
20 
15 
11 
7 

i 

98 
96 
93 
89 
85 
78 
72 
63 
54 
45 
36 
28 
21 
16 
10 
7 
4 
2 

11 

98 
95 
93 
89 
84 
78 
71 
64 
54 
46 
36 
28 
22 
15 
11 
7 
4 
2 

12   

97 
95 
92 
88 
84 
77 
71 
62 
52 
44 
36 
28 
20 
15 
10 
6 
3 
2 

13  .  

97 
95 
92 
88 
83 
77 
70 
62 
52 
44 
35 
27 
20 
15 
■i 
5 

1 

14 

97 
94 
92 
88 
82 
76 
69 
60 
52 
43 
34 
26 
20 
13 
8 
5 
3 

98 
96 
94 
91 
87 
82 
76 
68 
60 
51 
42 
34 
25 
18 
12 
8 
4 

15   

98 

16  

96 

17 

94 

18   

91 

19  

86 

20  

81 

21 

74 

22   

6S 

23-  

W 

24 

50 

25   .  .   .  . 

41 

26  

3?, 

27 

?3 

28 

16 

29 

11 

30 

1 

6 

1 

1 

30 
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Table  34. — Percentage  distrihuHon  of  hoard-foot  volume  in  and  above  successive 
diameter  classes  in  stands  of  different  average  diameter;  all  species  combined 


.  Distribution  (per  cent)  by  average  stand  diameter 

Diameter 
class  (inches) 

•g 

a 

a 

CO 

O 

a 

S 

o 

o 

O 

c 

00 

.9 

J3 
o 

a 
o 

C 

o 

a 

■g 

R 

l-H 

.2 

1— 1 

CO 

a 

o 

q 
o 

i 

"a 

a 

o 

a 

00 

T-H 

7-. 

100 

37 

9 

3 

100 

69 

32 

14 

6 

3 

100 
83 
58 
35 
19 
10 
5 
3 

100 

89 

72 

53 

35 

21 

13 

7 

4 

3 

100 

94 

83 

67 

50 

36 

24 

15 

9 

5 

3 

2 

100 

97 

89 

77 

64 

50 

36 

25 

16 

11 

7 

4 

3 

100 

98 

92 

84 

74 

61 

49 

37 

26 

19 

12 

8 

5 

3 

2 

8 

9 

94 

89 

81 

71 

60 

48 

36 

27 

19 

14 

9 

6 

4 

3 

97 

93 

88 

78 

69 

58 

47 

37 

28 

20 

14 

9 

6 

4 

3 

98 
94 
91 
84 
76 
68 
57 
47 
37 
29 
21 
15 
10 
7 
4 
3 

10 

97 
93 
89 
83 
75 
67 
57 
47 
38 
29 
21 
15 
11 
7 
4 
3 

98 
95 
92 
87 
81 
74 
65 
56 
47 
37 
29 
21 
16 
11 
7 
4 
3 

n 

97 
94 
91 
86 
80 
72 
65 
55 
46 
38 
2.) 
22 
15 
11 
7 
4 
3 

98 
96 
93 
90 
85 
80 
72 
65 
56 
47 
38 
29 
21 
15 
10 
6 
4 

'  ' 

12.  

97 
95 
93 
89 
84 
79 
72 
65 
56 
47 
39 
30 
21 
14 
8 
5 

98 
96 
94 
92 
88 
84 
78 
71 
65 
56 
47 
39 
30 
21 
14 
8 

13  - 

97 

14.  

96 

15 

94 

16  .- 

91 

17. 

87 

18 

S3 

19 

77 

20 

71 

21 

64 

22 

56 

23 

46 

24.  

37 

25 

?S 

26.-  

?0 

27 

14 

VOLUME  TABLES 

CUBIC-FOOT  VOLUMES 


Tables  giving  volumes  of  individual  trees  of  the  different  species  in 
the  western  white  pine  type  are  presented  in  the  following  pages. 
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Table  37. — Cubic-foot  volume  table  for  second-growth  western  hemlock 


Diameter 
breast 

Volume  (cubic  feet)  by  total  height  of  trees  in  feet 

4i 

high 
(inches) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

.2 

'05 
a 

m 

1 

0.04 
.13 

0.06 
.20 

2... 

0.27 

.62 

i.oy 

3 

.46 

.82 

1.28 

0.77 

1.37 

2.12 

3.1 

4 

5 

7 

8 

4 

4 

2 

5 

1.68 
2.4 

2 

6.. 

1.8 
2.0 
3 

3.7 

4.4 
6 

8 

1 

7 

3 
4 

0 

7 
9 

7 
9 

8 

11 

'  14 

1 

8 

1 

9 

10 
13 
15 
18 
22 
25 
29 
33 

12 

15 
18 
21 
25 
29 
33 
38 

16 
19 
23 

28 

33 

38 

43' 

49 

55 

62 

69 

76 

84 

18 
22 
26 
31 
36 
42 

3 

10 - 

11 
13 
15 
18 
21 
24 
28 
31 
34 
38 

17 
20 
24 
29 
33 
38 
43 
49 
55 

2 

11 

1 

12 

2 

13... 

40 

47 

2 

14 

51 
59 

4 

15 

48 
55 
62 
69 
77 
85 
94 
103' 
112 

54 
61  ' 
69 
77 
86 
95 
105 

6 

16 

67 

76 

85" 

94 
104 
115 
126 
137 
149 

74 
83 

80 
90 

88 
98 
110 
122 
134 
147 
161 
176 
191 
207 
223 
240 
259 
278 
297 

"159" 
174 
190 
206 
223 
240 
259 
279 
299 
320 

l\ 

17 

37 
41 

45 

43 
48 
53 
58 
64 
70 
77 

5 

18 

QQ  I  1A1 

5 

.lUA 

19 

61 
67 
74 
81  ' 
89 

103 
114 
126 
137 
150 
163 
176 
190 

112 
124 
136 
149 
163 
177 
191 
206 
222 
239 
257 
274 

7 
3 
6 

20 

21 

22 

92 
101 
109 
119 
128 

114 
124 
135 
146 
159 

23 ._ 

'2 

24 

122 
132 
143 

1 

25 

161 
174 
187 
200 
215 
230 

26 

..-_ 

27 

204 
220 
236 
252 

28 



29 

30 



Basis 
(trees).. 

7 

2 

4 

3 

3 

3 

13 

8 

14 

9 

5 

1 

72 

Block  indicates  extent  of  basic  data.  Data  collected  principally  on  the  Coeur  d'Alene  and  Kaniksu 
National  Forests  in  stands  from  30  to  160  years  of  age.  Volume  includes  peeled  stump,  stem,  and  top. 
Tree  volumes  computed  by  planimeter  method.  Table  prepared  by  aligmnent-chart  method,  1927.  Ag- 
gregate deviation  from  basic  data,  0.31  per  cent.  Average  deviation  of  individual  tree  volumes  from  tabular 
values,  8.2  per  cent. 
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Table  38. — Cubic-foot  volume  table  for  second-growth  lowland  white  fir 


Diameter 
breast 

Volume  (cubic  feet)  by  total  height  of  trees  in  feet 

? 

high 
(inches) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

03 

1 

0.03 

.12 

0.06 
.22 

2 

0.32 

fi9 

0.42 
.91 

1.64 

3 

■  25 

.471 

.84 

1.32 

14 

4 

1.87 

2.7 

4 

2.0 
3.1 

2.4 

,3.8 

3 

5 

2.52 
3.6 
5 
6 

8 

0 

6 

4.4 
6 
8 
10 

5.3 

7 

9 

12 
14 

"i 

8 
10 
13 
16 
19 

7 
9 

8 
10 

6 

7 

8... 

5 
6 

-12 
15 
18 
22 

17 
21 
25 

15 
19 
23 

17 
21 
25 
31 
36 
42 
49 

9 

8 

10 

.10 

12 
14 

10 

11 

17 
20 
23 
27 
31 

?8I 

13 

12 

-^ 
27 
31 
36 
41 
46 
52 

26  3ol  33 

4 

13 

31 
35 

41 

34 
40 
46 

44 
51 
58 
66 
74 
82 
90 
99 

ins 

46 

,54 

50 

58 

67 

76 

"85| 

94 

104 

114 

19=; 

54 
62 
71 
81 
91 
101 

111 
122 
isa 

5 

14 

2 

15... 

56  62 
64  70 
72  79 
81   88 

9 

16 

47 
53 
59 

4 

17.. 

491 

66 

74 

81 

89 

97 

106 

113 

121 

97 
108 
119 
130 
142 
153 

6 

18 

s 

19 

90 
99 

108 
117 

97 
107 

117 

127 
139 
150 

169 

7 

20 

4 

21 

6 
5 

22 

126|  1S5  144 

23 

117 

127 

137 

146 

156 

^65 
178 
192 
207 

090 

175 
189 
203 
219 
234 
251 
269 
287 

186 
200 
214 
231 
247 
265 
284 
302 

196 
210 
226 
243 
261 
280 
299 
318 

■i 

24 

137i  14S 

1.5S 
170 

168 
181 
195 
209 
223 
237 
252 

3 

1 

25 

134 

147 
1.58 
168 
179 
190 
202 

9 

159 
170 
182 
195 
207 
219 

16 

2 

26 

183 
196 
209 
222 
236 

13 

I 

27 

I 

-  -•-- 

28 

238 
253 
269 

4 

29 

30 

. 

17 

Basis  (trees).. 

1 

15 

3 

5 

5    8 

10 

12 

18 

13<1 

Block  indicates  extent  of  basic  data.  Data  collected  principally  on  the  Coeur  d'Alene  and  Kaniksu 
National  Forests  in  stands  from  30  to  160  years  of  age.  Volume  includes  peeled  stump,  stem,  and  top. 
Tree  volumes  computed  by  planimeter  method.  Table  prepared  by  alignment-chart  method,  1927. 
Aggregate  deviation  from  basic  data,  0.02  per  cent.  Average  deviation  of  individual  tree  volmnes  from 
tabular  values,  8.0  per  cent. 
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Table  39. — Cubic-foot  volume  table  for  second-growth  Douglas  fir 


Diameter, 

Volume  (cubic  feet)  by  total  height  of  trees  in  feet 

I 

breast,  high 
(inches) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

160 

160 

170 

180 

m 

1 

0.01 
.09 

0.06 
.24 
.48 
.80 

1.20 

0.09 

.32 

67| 

2 

0.42 

3 

.88 
1.51 
2.31 
3.3 
4.4 
6 
7 
9 

1.10 

1 

4 

1.15 
1.75 

2.82 

4.0 

5.4 

7 

9 

11 

13 

15 

17 

20 

22 

?  ? 

2.6 
4.0 
5  6 

6 

5 

3.4 
4.8 
6.4 
8 

10 

13 

15 

18 

20 

24 

"27 
30 

26 

6 

2.5 
3.4 
4 

6 
1   8 

7 
9 

1?! 

23 

7 

7-4J 
10 
12 
15 
17 
20 
24 
27 
31 

19 

g 

llj 
14 
16 
20 
23 
27 
30 
35 
39 
44 

13 
17 

15 

18 
22 
26 

.46 

9 

15 

30 

10 

18 

9(1 

19 

11 

22  24 
26  28 
30  33 
34,  38 

39  43 
44  48 
49  54 
54'  60 
60  66 
66  72 
72  79 
78  86 
85  94 
91'  101 
99  110 

28 

30 
36 

41 
48 
M 
61 
68 

37 

12 

31 

35 

41 

46 

52 

58 

65 

72 

79 

86 

94 

103 

111 

120 

33 

38 
45 
50 
57 
63 
71 
78 
86 
94 

25 

13 

23 

14 

26 

15 

21 

16 

35 
39 
43  " 

66 
73 

70 

78 

86 

96 

105 

115 

126 

137 

74 
82 
91 
101 
111 
121 
132 
144 
156 
168 
'  179 
192 
206 
220 
235 
250 
266 

12 

17 

11 

18 

49 
54 
59 
64 
70 
76 
82 
88 
95 
102 
110 

76 

84 

92 

ini 

81 
90 
99 
108 
118 
128 
139 
14q 

8 

19 

1 

C) 

20 

1 

5 

21 

1 

9 

22 

1 

102!  116 
112  120 
121  130 
130  140 

? 

23 

4 

24 

159 

^^ 

25 

1 

26 .- 

106 

118 

1291  1401  l.'^O 

160 
172 
1&3 
196 
208 
221 
235 

170 
182 
195 
208 
221 
235 
250 

1 

27 

114 
122 
130 
138 

126 
135 
144 
1M 

138 
148 
158 
168 
179 
189 

150 
160 
171 
182 
193 
204 

161 
172 
183 
195 
207 
219 

28 

217 
232 
248 
264 
281 

228 
243 
260 
276 
294 

29 

30 

J 

31 

164 

174 

32 

Basis  (treesj.. 

3. 

22 

42 

41 

51 

58 

61 

48 

28 

9 

2 

2 

1 

368 

Block  indicates  extent  of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands 
from  30  to  160  years  of  age.  Volume  includes  peeled  stump,  stem,  and  top.  Tree  volumes  computed  by 
planimeter  method.  Table  prepared  by  alignment-chart  method,  1927.  Aggregate  deviation  from  basic 
data,  —0.6  per  cent.    Average  deviation  of  individual  tree  volumes  from  tabular  values,  9.9  per  cent. 
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Table  40.  — Cubic-foot  volume  table  for  second-growth  western  red  cedar 


Diamter,  breast  high 

Volume 

(cubic  feet)  by  total  height  of  trees  in  feet 

4.3 

(inches) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

1«) 

.£2 

1 

n  0? 

0  05 

2 

10 

?n 

0  31 

1 

3.. 

47 

,fi7 

0.91 
I.a3 

i""" 

1 

4 

1.27 

1.  25 
1.95 

2,1 

2.5 

3,8 

1 

5 

2.60 

3.6 

5 

6 

8 

3.2 

4.5 

6 

8 

9 
11 
14 
16 

5 

6.. 

2.8 
4 
5 
6 

7 

5.3 

7 
9 

11 
14 
16 
19 
2? 

6 

8 
10 

7 
9 

12 

s 

7. 

3 

8 

13 
16 
20 
23 
27 
32 
36 
41 
46 
50 
55 
61 
66 

14 

18 
22 
26 
30 

4 

9 - 

13 
16 
19 
22 
25 
29 
33 
37 
40 
45 

14 
18 
21 
25 
28 
33 
37 
41 
45 
50 
55 
60 

13 

10 

9 
11 
13 
15 

10 

11 

29 
33 

1? 

12 

36  38 

41  44 
47  50 
53  56 
58  62 
64!  69 
70  76 

77 

13 

18 
21 
24 
27 
30 
33 
36 

35  38 

9^ 

14 

25 
29 
32 
35 
39 
43 

40 
45 
50 
55 
60 
66 
72 
78 
84 
91 

43 
49 
54 
60 
65 
71 
78 
84 
91 

9q 

20 

15 

19 

16. - 

17 

17 

11 

18 

11 

19 

49 
53 
58' 

77 
84 
91 
98 
107 

83 
90 
98 
106 
115 
123 
132 
140 
149 

■? 

20 

1 

21 

65  72 

2 

22 

77 

83 

90 

96 

103 

110 

117 

125 

132 

114 
123 
131 
140 
149 
159 
168 
178 
187 

■? 

23 

3 

24. 

98 
105 
113 
120 
128 
136 
143 

106 
114 
122 
130 
138 
146 
154 

115 
123 
131 
140 

139 
149 
158 
168 
178 
188 
198 

146 
156 
167 
178 
188 
199 
209 

1 

25 

26 

27 

28 

148 

I'^SI 

1 

29 _. 

l^iTJ 

167 
176 

1 

30 

165 

~ 

Basis  (trees) 

1 

2 

8 

15 

13 

37 

54 

41 

21 

7 

2 

1 

?0? 

Block  indicates  extent  of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands 
from  30  to  160  years  of  age.  Volume  includes  peeled  stump,  stem,  and  top.  Tree  volumes  computed  by 
planimeter  method.  Table  prepared  by  alignment-chart  method,  1927.  Aggregate  deviation  from  basic 
data,  —0.05  per  cent.    Average  deviation  of  individual  tree  volumes  from  tabular  values  8.0  per  cent. 
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BOARD-FOOT  VOLUMES,  SCRIBNER  RULE 


Table  41.— Board-foot  volume  table  (Scribner  rule- 
western  white  pine 


-total  height)  for  second-growth 


Diameter  breast 

Volume  (board  feet)  by  total  height  of  trees  in  feet 

-4-3 

high  (inches) 

40 

50 

60 

70 

80 

90 

M)0 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

8 

9 
20 
31 

17 
30 

24 
40 
56 
72 
88 
105 

32 
50 

68 

87 

105 

125 

40 

60 

80 

100 

125 

145 

48 
68 
90 
115 
140 
165 
190 
220 

55 

78 

105 

130 

153 
185 
215 

62 
86 
115 
145 
175 
205 
240 
275 
320 
360 
410 
455 

510 

565 

69 

96 

76 
108 

6? 

9 — 

117 
150 
185 
22.5 

.56 

10 - 

125 
155 
190 
225 
260 
305 
345 
395 
445 
495 
550 
615 
675 
740 

140 
170 
210 
245 
285 
330 
380 
430 
480 
540 
600 
665 
740 
810 

46 

11 

55 

12.... 

240 
285 
330 

.59 

13 

265 
310 
355 
410 
460 
515 
580 
645 
715 
790 
865 
945 

51 

14 

145 

170 
190 

360 
410 
465 
525 
595 
670 

46 

15 

~380 

435 

495 

550 

615 

690 

765 

845 

930 

1,010 

1, 0<I0 

1,  170 

1  ?.'0 

40 

16 

250   285 
290   325 

33 

17... 

31 

18 

3?5 

370 

10 

19 

365 

410 
460 
510 
560 
615 

705 

790 

870 

960 

1,050 

1,  140 

1  220 

17 

20 

740 
820 
905 
990 
1, 070 

4 

21 

1? 

22 

620 
680 
745 
810 

10 

23 

") 

24 

810!    880 

1,200 
1,300 
1,390 
1^490 

3 

25 

8Hri 

955 
1,030 
1,100 
1,180 
1    2.V) 

1,020 
1,100 
1,180 
1,260 
1,350 
1,430 
1,510 
1,590 

1,  100 

26 

875'     950 
940  1.020 

1,250,1,310 
1,3401,410 
1  4301.500 

27 

1  .160 

1,640 

1,750 

1,850 
1  fl5n 

1 

28 

1,090 
1,  160 

1,340 
1,430 
1,520 

1    5Q0I1   fifiO 

1 

29 

1,5201,  600  1,690|1,  770 
I  fiinh  :no  1  790  1  S70 

30 

1,  240  i;  330 
l,310il-410 

31 . 

1,  6IO1I,  7]0;1-  800  1.  8<)0  1.  970^2.  O.'iO 

32 

1,380 

1,490 

1,700  1  son 

1  890  1.  980  2  06012.  140 

^ 

1 

' 

' 

* 

Basis  (trees).-   .. 

3 

10 

33     51 

79 

88 

81 

74 

58 

38 

24 

2 

1 

.54';^ 

Bloclv  indicates  extent  of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands 
from  30  to  160  years  of  age.  Stump  height,  1  foot.  Trees  scaled  in  16-foot  log  lengths  with  0.25-foot  trim- 
ming allowance  and  additional  top  section  to  6-inch  top  diameter  (inside  barls).  Table  prepared  by  ahgn- 
rnent-chart  method,  1927.  Aggregate  deviation  from  basic  data,  0.44  per  cent.  Average  deviation  of  indi- 
vidual tree  volumes  from  tabular  values,  11.6  per  cent. 
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Table  42.  —Board-foot  volume  table  (Scribner  rule  ■ 

western  larch 


-total  height)  for  second-growth 


Diameter 
breast 

Volume  (board  feet)  by  total  height  of  trees  in  feet 

high 
(inches) 

50 

9 
19 

60 

13 
26 
43 
60 

70     80 

90    100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

DO 

n 

10 

18 
34 
53 
74 

23 
42 
64 

88 

29 
51 
75 

35 
60 

41 

47 

54 

62 

1 

2 

11 

69 

79 
115 
150 
185 
220 
255 
300 
345 
385 
430 
480 
530 
580 
630 
680 
730 
785 

89) 
130" 
165 
205 
240 
280 
330 
375 
420 
470 
525 
575 
635 
685 
740 
795 
850 

100 

110:      120 

1 

32 

19 

86    100 

140J      155       170 
1851      200       220 
225       250       270 
265       290       320 
310       340       370 

22 

13 

100    115    135 
130    150   165 

22 

14 

80 
100 

-95 
120 
140 

1151 
140 
165 

I 

28 

15 

160 

180   200 

13 

16 

185 
215 
250 

210   230 
245   270 
2801  310 

405 

445 

580 

655 

725 

790 

870 

940 

1,010 

1,080 

1,150 

490 

565 

635 

715 

790 

860 

940 

1,020 

1,090 

1,170 

1,240 

1,310 

1,380 

1,460 

1.  530 

1,600 

1,670 

1,330 
1,410 
1, 480 
1,660 
1,640 
1,710 
1,780 

17 

17 

360       390 

405       445* 

4301      470 

18 

18 

485,      530 

15 

19 

280!  315 
310.  350 

350 
390 
435 
485 
530 
575 
630 
680 
730 
780 

460       500 
510|      555 
570       620 
625       675 

545 
610 
675 
740 

595 
665 
730 
805 
870 
940 
1,000 
1,070 

10 

20            

14 

21 

395 
440 

486 

15 

22 

11 

23 

685'      740|      800 
740       800       870 
800 1      8601      930 

3 

24 

525 

2 

25 

5 

26 

855 
915 

920       995 

5 

27 

985    l,060n7H'0 

1,220 
1,290 
1,360 
1,430 
1,490 
1,570 

4 

28 

840 
890 
940 
990 
1,040 

905 

9C0 

1,010 

1.070 

1,120 

970|  ],040'  1.120 
1,030    1,1001  1.  ISO 
1,0*0    1, 160;  1.240 
1.140    1.220    1,310 
1,200    1,2S0    1,370 

1.200 
1,270 
1,330 
1,400 
1,470 

1 

29 

820 

2 

30 

870 

31 

32 

1 

Basis  (trees) - 

4 

6 

19      94'     40 

n 

37 

32 

35         17 

2 

2 

242 

1 

Block  indicates  extent  of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands 
from  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths,  with  0.3  -foot  trim- 
ming allowance,  and  additional  top  section  to  8-inch  top  diameter  (inside  bark).  Table  prepared  by 
alignment-chart  method,  1927.  Aggregate  deviation  from  basic  data,  0.7  per  cent.  Average  deviation 
of  individual  tree  volumes  from  tabular  values,  15.7  per  cent. 

Table  ^3. —Board-foot  volume  table  (Scribner  rule— total  height)  for  second-growth 

western  heynlock 


Diameter  breast 

Volume  (board  feet)  by  total  height  of  trees 

in  feet 

high  (inches) 

40 

50 

60 

70 

80 

90      100     110       120 

130 

140 

150 

160 

'm 

PQ 

in 

15 

24 
38 
52 

66 
80 
95 
110 
125 
145 
160 

33 
49 
65 

a3 

100 
120 
140 

41 
60 
80 
100 
125 
150 
170 

49 
70 
92 
115 
145 
175 
200 
235 
265 

57 
81 

10.-. 

65 

91 

120 

o 

11 

1 

12 

2 

1^ 

135 
165 

155 
190 

175 
210 

2 

14 

235 
280 

■i 

^<\ 

200 
230 
270 
305 

345 
390 
440 

230 
265 
305 
350 
395 
450 
505 

255 
295 
340 
390 

445 
500 
.565 

6 

16 - 

330 

380 
430 
490 
655 
625 
700 
7S0 
865 

300 

415 

390 
450 

420 

490 

500 

635 

720 

810 

915 

1,  020 

1,  130 

1,250 

1,  3(0 

1,480 

1,610 

1,740 

1,890 

"'875' 
990 
1,100 
1,220 
1,  3.50 
1,470 
1.600 
1.740 
1.890 
2.040 

11 

17                     ..  . 

165 
185 
210 

200 
225 

5 

18. -- 

475 
540 
610 
690 
770 
86i0 
955 
1,  050 
1.  l.')0 

515 

5 

19    

255      300 

5S5 

660 

750 

840 

940 

1,040 

1,  150 

1,250 

1.370 
1.  4iK) 
1,  610 
1,750 

7 

20                      

290 
325 
360 
405 

340 
380 
430 
480 

3 

21 - 

6 

22 

495 
550 
610 
675 
740 

565  p  630 

23  ::::::::::::::: 

630 

70.5 

2 

24 

700 
770 
845 

780 
865 
950 

1 

25                 

955 
1,  0.50 
1,140 
1.240 
1,340 
1.  460 



26 - 

i 

27                 

1,  260 
1,370 
1,480 
1,600 

28 



29                 

30 

Bfmi^t  rtrMVi') 

3 

2 

3 

13 

8 

14 

9 

5 

1 

58 

Ulofk  indicates  extent  of  basic  data.  Data  collected  principally  on  the  Coeur  d'Aleiie  and  Kaniksu 
National  ^"orests  in  .stands  from  30  to  160  years  of  age.  Stunif)  lioiglit,  1.5  feet.  Trees  scaled  in  16  foot  log 
lengths  with  0.3-foot  trimming  allowance  and  ad<litionnl  top  sedion  to  8-iiuli  top  diameter  (inside  bark). 
Table  firepared  by  alignnicnt-chart  method,  1927.  Aggregate  deviation  from  basic  data,  —0.23  per  cent. 
Average  deviation  of  individual  tree  volumes  from  tabular  values,  11.8  iwr  cent. 
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Table  44. — Board-foot  volume  table  {Scribncr  rule — total  height)  for  second-growth 

lowland  white  fir 


Diameter  breast 

Volume  (board  feet)  by  total  height  of  trees  in 

feet 

1h 

high  (inches) 

40 

60 

60 

70 

80 

90 

100 

110 

120 

130 

140 

160 

160 

170 

180 

C3 

10 

13 

.8 
37 

24 
46 
70 
95 
120 
145 

31 

5"; 

37     45 

64     74 

95    110 

125    145 

160    180 

53 
"85 
125 
160 
200 
245 
290 
340 
385 
440 
500 
555 
615 

60 

96 

140 

180 

225 

8 

11 

13 

12 

82 
110 
140 
170 
200' 
235 
265 

4 

13 

200 

250 

220:      240 
270       295 
320,      350 
380;      415 
440       480 
505       545 

6 

14 

2 

15 

195 

??0 

270 
320 
370 
425 
480 
540 
605 
670 

295 
350 
405 
465 
625 
690 
655 
730 
800 

9 

16 

230 
265 
305 

?m 

4 

17 

300 
345 
390 
440 
495 
555 
610 
670 
730 

515 
590 
660 
740 
826 
910 

6 

18 

8 

19 

570 
640 
715 
790 
870 
950! 
1,030 

620 
690 
770 
850' 

705 

790 

880 

970 

1,060 

1,  160 

1,250 

1,  350 

1,450 

1,  560 

1,660 

1,760 

7 

20 

4 

21 

6 

22 

5 

23 

680 
745 

740 

940 

1,000 

1,130 
1,230 
1,330 
1,430 
1,530 
1,640 
1,740 
1,850 

1,190 
1,290 
1,400 
1,500 
1,610 
1,720 

5 

24- 

810 

875 
950 
1,030 
1,110 
1,190 
1,270 
1,350 

1,020 
1,110 
1,190 
1,280 
1,380 
1,470 
1,560 

1,090 
1,180 
1,270 
1,370 
1,470 
1,560 
1,660 

1 

25 - 

810 

880 
950 
1,020 
1,100 
1,170 
1,240 

2 

26 

1,110 
1,200 

1,280 
1,370 
1,460 

1 

27 . 

1 

28 

29 

1,820! 

30 

1,930 

Basis  (trees).  

1 

4 

8 

17 

17 

9 

16 

13 

3 

4 

9?. 

Block  indicates  extent  of  basic  data.  Data  collected  principally  on  the  Coeur  d'Alene  and  Kaniksu 
National  Forests  in  stands  from  30  to  160  years  of  age.  Stun-p  height,  1.6  feet.  Trees  scaled  in  16-foot  log 
lengths  with  0.3-foot  trimming  allowance  and  additional  top  section  to  8-inch  top  diameter  (inside  bark). 
Table  prepared  by  alignment-chart  method,  1927.  Aggregate  deviation  from  basic  data,  —0.18  per  cent. 
Average  deviation  of  individual  tree  volumes  from  tabular  values,  15.8  per  cent. 

Table  45. — Board-foot  volume  table  (Scribner  rule — total  height)  for  second-growth 

Douglas  fi.r 


Diameter  breast 

Volume  (board  feet)  by  total  height  of  trees  in  feet 

high  (inches) 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

10 

1 

4 
12 
23 
35 
49 
65 

9 

21 
36 

65 

74 

14 

34 

54 

76 

99 

120 

145 

170 

195 

23 
46 
70 
95 
120 
145 
175 
205 
230 
260 
290 
325 
355 
390 
425 
455 
490 
530 
565 

31 
60 
88 
116 
145 
175 
205 
240 
270 
300 
335 
370 
405 
446 
485 
520 
560 
605 
645 
685 
730 

40 
70 
105 
135 
170 
205 
235 
270 
305 
340 
380 
420 
460 
600 
546 
685 
630 
680 
725 
770 
815 

48 
83 

17 

11. 

98 

iio 

150 
190 
235 
275 
320 
365 

37 

12 

120 
156 
190 
230 
265 
305 
340 
380 
425 
465 
510 
555 
605 
650 

135 
175 
215 
255 
290 
335 
375 
420 
460 
510 
560 
610 
660 
710 

25 

13 

23 

14 

26 

16 

94 
115 

21 

16 

350 
390 

376 
420 
470 
525 
580 
640 
700 
760 

400 

450 

500 

560 

615 

680 

740 

810 

875 

940 

1,010 

1,080 

1,140 

1,210 

1,280 

1,360 

1,430 

12 

17 

11 

18 

410 
450 
500 

555 
605 
660 
715 
770 

440 
485 
540 
595 
650 
710 
770 
825 

8 

19 

9 

20 

5 

21 

9 

22 

2 

23 

4 

24 

825 
885 

3 

26 

1 

26 

700 
750 
800 
850 
900 
950 
1,000 

760 
810 
865 
920 
976 
1,030 
1,090 

820 
880 
940 
1,000 
1,060 
1,120 
1,180 

885 
940 
1,000 
1,070 
1,130 
1,200 
1,260 

950 
1,010 
1,080 
1,140 
1,210 
1,280 
1,340 

1 

27 

28                 .  . 

1,210 
1,280 
1,360 
1,430 
1,610 

1,280 
1,360 
1,440 
1,520 
1,600 

29      

30 

1 

31 

860 
910 

32 

8 

19 

40 

68 

48 

28 

9 

2 

2 

1 

215 

Block  indicates  extent  of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands 
from  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths,  with  0.3-foot  trim- 
ming allowance,  and  additional  top  section  to  8-inch  top  diameter  (inside  bark).  Table  prepared  by 
alignment-chart  method,  1927.  Aggregate  deviation  from  basic  data,  0.7  per  cent.  Average  deviation 
of  individual  tree  volumes  from  tabular  values,  23,3  per  cent. 
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Table  46. — Board-foot  volume  table  {Scribner  rule — total  height)  for  second-growth 

western  red  cedar 


Diameter  breast 

Volume  (board  feet)  by  total  height  of  trees  in  feet 

Basis 

high  (inches) 

30 

40 

50 

60 

70   80 

90 

100 

no 

120 

130 

140 

150 

160 

(tree.s) 

10 

4 

10 
21 
32 
43 

16 
28 
42 

56 
71 
87 
100 
120 
135 
150 

22 
36 
53 
70 

28 

44 

64 

86 

105 

125 

150 

170 

190 

34 
53 
76 
100 
125 
145 
170 
195 
215 
240 
270 

40 
62 
89 
115 
140 
165 
190 
220 
245 
270 
300 

47 

72 

100 

7 

u 

83 
115 

12 

12 

130 
165 
195 
230 
260 
295 
325 
360 
400 
440 
480 
520 

145 
180 
215 
250 
285 
320 
355 
395 
435 
480 
520 
565 
610 
650 
700 
740 

26 

13 

130 
160 
185 
215 
245 
270 
300 
330 
365 
395 
430 

145 
175 
210 
240 
270 
300 
330 
365 
400 
435 
475 

23 

14. 

105 
125 
145 
160 
185 

20 

15 

19 

16 

17 

17 

11 

18 

11 

19 

215 
235 
260 

3 

20 

3 

21.. 

295 

330 
360 
390 
425 
455 
490 
520 
555 
585 
620 

2 

22 

565 
610 
660 
705 
755 
800 
850 
900 
950 

3 

23 

3 

24  .  . 

465 
500 
535 
570 
605 
645 
6S0 

510 
550 
585 
625 
665 
705 
750 

.560 
600 
640 
680 
725 
770 
815 

710 
760 
815 
865 
920 
975 
1.030 

765 
820 
875 
930 
990 
1,050 
1,110 

1 

25 

26 

27 

28 

785 
835 
880 

1 

29 

1 

30 

Basis  (trees) 

4 

34 

53 

41 

21 

7 

2 

1 

163 

Block  indicates  extent  of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands 
from  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths  with  0.3-foot  trim- 
ming allowance  and  additional  top  section  to  8-inch  top  diameter  (inside  bark).  Table  prepared  by 
alignment -chart  method,  1927.  Aggregate  deviation  from  basic  data,  less  than  1  per  cent.  Averaee 
deviation  of  individual  tree  volumes  from  tabular  values,  15.6  per  cent. 

Table  47.  —Board-foot  volume  table  {Scribner  decimal  C  rule)  for  second-growth 

western  white  pine 


Diameter  breast  high 

Volume  (board  feet  in 

tens)  by  total  number  of  16-foot  logs 

Basis 

(inches) 

1K4 

2 

3 

4 

5 

6 

7 

8 

9 

10 

(trees) 

8 

2 
2 

4 
4 
5 
5 
6 
7 

7 
8 
9 
10 
11 
12 
13 

10 

13 
14 
16 

61 

9 

11 
12 
14 
15 
17 
19 
21 
23 
25 
28 
30 
33 
36 
39 
42 
46 
50 
54 
58 
62 
66 
70 
75 
79 

56 

10           

3 
3 
3 
4 
4 
4 

20 
22 
24 

46 

11 

18 
20 
22 
25 
27 
30 
33 
36 
40 
44 
48 

55 

12 

29 
32 
36 

59 

13 

27 
30 
33 
37 
41 
45 
49 
54 
59 
64 
70 
76 

51 

14.. 

— n 

8 

41 
45 
50 

46 

1.5             -  . 

15 

— W 

44 

48 

54 

59 

65 

71 

78 

85 

92 

100 

110 

115 

40 

16 

57 

63 

70 

77 

85 

93 

100 

110 

120 

130 

140 

155 

165 

175 

1.S5 

200 

210 

64 

71 

78 

86 

95 

105 

115 

125 

135 

145 

100 

170 

185 

195 

210 

220 

235 

33 

17     

' 56- 

62 

68 

75 

82 

90 

98 

105 

115 

125 

135 

145 

31 

18              .  - 

10 

19       

17 

20 

4 

21. 

12 

22      

52 
57 
61 
66 
71 
77 
82 
88 
94 
100 
105 

10 

23 

5 

24 

3 

25    

— w 

89 
95 
105 
110 
115 
125 
135 

26 

27. 

1 

28 

125 
130 
140 
150 
160 

1 

29         

155 
165 
175 
18.5 

30 

31 

32    

Bnsis  ftrees) 

15 

77 

85 

124 

108 

82 

41 

9 

541 

Block  indicates  extent  of  basic  data.  Data  collected  throughout  the  we^stern  white  pine  region  in  stands 
from  30  to  160  years  of  age.  Stump  height,  1  foot.  Trees  scaled  in  16-foot  log  lengths  with  0.2.5-fool  I  rinuning 
allowance  and  additional  top  .section  to  6-inch  top  diamotor  (inside  bark).  Table  prepared  by  nlipnmcnt- 
chart  methofi,  1927.  Aggregate  deviation  from  basic  data,-0.13  per  cent.  Average  deviation  of  individual 
tre«  volume  Iroui  tabiilar  values,  8.5  i)cr  cent. 
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Table  48. — Board-foot  volume  table  {Scribrier  decimal  C  rule)  for  second-growth 

western  larch 


Diameter  breast  high 

Volume  (board  feet  in 

tens)  by  total  number  of  16-foot  logs 

Basis 

(inches) 

m 

2 

3 

4 

5 

6 

7 

8 

9 

10 

(trees) 

10    

4 
4 
5 

6 

7 
7 
8 

10 

2 

11 

11 
12 
14 
15 
16 
17 

15 

19 
21 

24 

12  

17 
19 
20 
22 
24 
26 
28 

25 
28 

22 

13  

5 
5 
6 

23 
26 
28 
30 
33 
35 
38 
41 
44 
48 
51 
55 
59 

32 
35 
39 

42 

21 

14 

9 

9 

10 

11 

12 

31 
34 
37 
40 
43 
47 
50 
54 
58 
63 
68 
72 
77 
82 

as 

93 

99 

105 

110 

28 

15        

13 

16-- 

48 
52 
57 
62 
67 

17 

17         

18 
20 
21 
22 

46 
50 
54 
58 
63 
68 
73 
79 
85 
91 
97 
105 
110 

18 

18  - 

15 

19       - 

30 
32 
34 
37 
40 
42 
45 
48 
51 
54 
57 
60 
63 
67 

10 

20 

75 

82 

89 

96 

105 

110 

120 

130 

135 

145 

155 

165 

170 

83 
91 
99 
105 
115 
125 
135 
145 
150 
160 
170 
180 
190 

14 

21         

73 
79 
85 
92 
99 
105 
115 

15 

22      - 

11 

23     

3 

24 

2 

25  - 

5 

26     -- 

62 
66 
71 

75 
79 
84 
88 

5 

27  - 

4 

2S - 

120 
130 
135 
145 
150 

1 

2 

30     - 

120 
125 
130 

32        

1 

Basis  (trees) 

12 

27 

25 

43 

45 

42 

31 

8 

233 

Blocli  indicates  extent  of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands 
from  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths  with  0.3-foot  trimming 
allowance  and  additional  top  section  to  8-inch  top  diameter  (inside  bark).  Table  prepared  by  alignment- 
chart  method,  1927.  Aggregate  deviation  from  basic  data,  —0.25  per  cent.  Average  deviation  of  individual 
tree  volumes  from  tabular  values,  8.2  per  cent. 

Table  49.  — Board-foot  volume  table  (Scribner  decimal  C  rule)  for  second-growth 

western  hemlock 


Diameter  breast  high 

Volume  (board  feet  in  tens)  by  total  number  of  16-foot  logs 

Basis 

(inches) 

m 

2 

3 

4 

5 

6 

7 

8 

(trees) 

10              . 

4 
5 
5 

8 
8 
9 

10 
11 
12 
12 

13 
14 
15 

2 

11         

1 

12-- 

2 

13   -- 

6 
6 

7 
7 
8 
8 

17 
19 
20 
22 
23 
25 

24 

2 

14            - 

26 
29 
31 
34 
37 
40 
43 
46 

34 
37 

4 

15 - 

46 
50 

6 

16- 

41 
44 
48 
52 
56 
61 
66 
71 
76 

58 

63 

69 

75 

82 

89 

96 

105 

115 

120 

130 

140 

150 

160 

170 

11 

17 

13 
14 
15 
16 
17 
19 

54 
59 
64 
70 
75 
82 
88 
95 
100 
110 

5 

18- 

5 

19     

27 
29 
31 
34 
36 
39 
42 

7 

20    

3 

21-- 

6 

22         -. 

50 
54 
58 
62 
66 
70 
74 
79 
84 

23     --- 

2 

24- - 

1 

25-  - 

82 

88 

94 

100 

105 

115 

26  - 

155 
165 
175 
190 
300 

1 

27    - 

120 
125 
135 
145 

28 

29     

30  - 

Basis  (trees)  

3 

5 

13 

18 

15 

4 

58 

Block  indicates  extent  of  basic  data.  Data  collected  principally  on  the  Coeur  d'Alene  and  Kaniksu 
National  Forests  in  stands  from  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  Ifi-footlog 
lengths  with  0.3-foot  trimming  allowance  and  additional  top  section  to  8-inch  top  diameter  (inside  bark). 
Table  prepared  by  alignment-chart  method,  1927.  Aggregate  deviation  from  basic  data,  —0.06  per  cent. 
Average  deviation  of  individual  tree  volumes  from  tabular  values,  8.6  per  cent. 
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Table  50. — Board-foot  volume  table  (Scribner  decimal  C  rule)  for  second-growth 

lowland  white  fir 


Diameter  breast  high  (inches) 

Volume  (board  feet  in  tens)  by  total  number  of  16-foot  logs 

Basis 

VA 

2 

3 

4 

5 

6 

7 

8 

(trees) 

10 - 

4 

4 

7 
8 
8 
9 
10 
11 

12 

6 

11 

' — 

14 
16 

17 
19 
20 

18 
20 

12 

12 

5 
5 
6 

26 
29 
32 

4 

13          ... 

22 
25 
27 
29 
32 
34 
37 
40 

6 

14 - 

39 
42 
46 
50 

2 

15 

35 
38 
41 
45 
49 
53 
57 
62 
67 

9 

16 ..-- 

12 
12 
13 
14 

15 

4 

17  

22 
24 
26 
28 
30 
32 
34 
36 
39 

59 
64 

68 

74 

81 

88 

96 

105 

115 

125 

135 

145 

155 

165 

175 

190 

6 

18 

55 
60 
66 
71 
77 
83 
90 
96 

8 

19       

70 

77 

84 

91 

98 

105 

115 

125 

130 

7 

20 

4 

21       

43 
47 
50 
64 
58 

6 

22 

5 

23.. 

5 

24   

72 
77 
83 
88 
94 
100 
105 

1 

25 

2 

26 

105 
110 
120 
125 
135 

1 

1 

28 

140 
150 
160 

29 

30 

Basis  (trees) 

6 

11 

16 

12 

20 

15 

9 

89 

Block  indicates  extent  of  basic  data.  Data  collected  principally  on  the  CcEur  d'.\lene  and  Kaniksu 
National  Forests  in  stands  from  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  m  16-foot 
log  lengths  with  0.3-foot  trimming  allowance  and  additional  top  section  to  8-inch  top  diameter  (inside 
bark).  Table  prepared  bv  alignment-chart  method,  1927.  Aggregate  deviation  from  basic  data,  -0.14 
per  cent,    .\verage  deviation  of  individual  tree  volumes  from  tabular  values,  8.2  per  cent. 

Table  51.— Board-foot  volume  table  {Scribner  decimal  C  rule)  for  second-growth 

Douglas  fir 


Volume  (board  feet  in  tens)  by  total  number  of  16-foot  logs 

Basis 

Diameter  breast  high  (inches) 

m 

2 

3 

4 

5 

6 

7 

8 

(trees) 

10         

4 
4 
5 

7 
7 
8 
8 
9 

11 

5 

11 

12 
13 

14 
15 
17 
18 
19 

16 
18 
20 

32 

12               

24 

• 

13 

5 
5 
6 

25 

28 

23 

14  

22 
24 
26 
28 
30 
32 
35 
37 
40 
43 
46 
49 
52 
56 
59 
63 
66 

34 
37 
40 
41 

26 

15 

10 
10 
11 
12 
13 
13 

30 
33 
36 
39 
42 
45 
49 
53 
57 
f.l 
65 
69 
73 
78 
83 
88 
93 
98 

21 

16 

47 
51 
55 
60 
65 
70 
76 
82 

80' 

87 
95 
100 
110 
120 
125 
135 
145 
155 
165 
170 

12 

17 

11 

18        

21 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
43 
46 
48 
61 

47 
51 
55 
60 
65 
70 

8 

19  

9 

20   

5 

21 

9 

22            

2 

23 

4 

24 

75 

80 

86 

92 

98 

105 

110 

115 

125 

88 

3 

25  

95 
100 

no 

115 
125 
130 
140 
150 

1 

26 

1 

27  

28 

29  

30 

1 

31  ...     

70 
74 

32 

Basis  (trees) 

21 

64 

69 

41 

18 

3 

1 

197 

Block  iiidirates  extent  of  biusio  data.  Data  collected  throughout  Ihe  western  white-pine  region  in  stands 
frnni  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  Ifi-foot  log  lengths  with  0. 3-foot  trim- 
tuing  allowanci'  hikI  additional  top  section  to  S-incli  top  diaineler  (inside  bark).  Table  prepared  by  align- 
ment-chart nictliod,  1927.  Aggregate  deviation  from  basic  data, —1.0  per  cent.  Average  deviation  of  in- 
dividual tree  volumes  from  tubular  values,  9.8  per  ceut. 
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Table  52. — Board-foot  vohime  table  (Scribner  decimal  C  rule)  for  second-growth 

western  red  cedar 


Diameter  breast  high  (inches) 

Volume  (board  feet  in  tens)  by  total  number 
of  16-foot  logs 

Basis 

1}4 

2 

3 

4 

5 

6 

(trees) 

10 

4 
4 
5 
5 
6 

7 

4 

11 

7 
8 
9 
10 
10 
11 
12 
12 

12 

16 

18 

10 

12 

13 
15 
16 
17 
18 
20 
21 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
45 

23 

25 
27 
30 
32 
35 
38 
41 
44 
48 



58 
63 
68 
73 
78 
83 
88 
93 
99 
105 

25 
23 

20 

19 
17 
11 
n 

13 

20 
22 
24 
25 
27 
30 
32 
34 
37 
40 
42 
45 
48 
51 
55 
58 
61 

14 

15     . 

6 
6 
7 
7 
8 
8 

16 

17 . 

18. 

19 

13 
14 
15 
16 

3 
3 
2 

20 

21 

99 

51 
55 
59 
63 
67 
71 
76 

3 
3 

1 

23 

24 

25 

26 

27 

28 

1 

29 

80 

85 

30 .- 

64 

Basis  (trees) 

18 

52 

58 

23 

0 

157 

Block  indicates  extent  of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands 
from  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths  with  0.3-foot  trim- 
ming allowance  and  additional  top  section  to  8-inch  top  diameter  (inside  bark).  Table  prepared  by  align- 
ment-chart method,  1927.  Aggregate  deviation  from  basic  data,  0.35  per  cent.  Average  deviation  of  in- 
dividual tree  volumes  from  tabular  values,  6.7  per  cent. 
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BOARD-FOOT  VOLUMES,  INTERNATIONAL  RULE 

Table  53.  —Board-foot  volume  table  {international  rule)  for  second-growth  western 

while  pine 


Diameter 

breast 

Volume  (board  feet)  by  total  height  of  trees  in  feet 

S 

high 
(inches) 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

o 

7 

13 

18 

f 
24 

38 

54 

72 

1 
30 

47 

66 

88 

36 

56 
78 
100 
130 
160 
185 

42 

65 

91 

120 

150 

48 

.■B 

58 

91 

130 

51 

8 

21   30 

74 
100 
135 
16=1 

8^ 
115 
150 
185 
225 
265 
310 
360 
410 
460 
520 
575 
640 
700 
770 
835 
910 
985 
1,060 
1,140 

99 

ft3 

9 

30 
39 

42 
56 

140 

150 

5« 

10 

165 
205 
250 
290 
340 
395 
450 
505 
570 
630 
700 
765 
840 
915 
995 

180 
220 
270 
320 
370 
430 
485 
545 
615 
685 
755 
830 
910 
990 
1,080 

195 
240 
290 

4fi 

11 

901  110 
110    135 

.W 

12 

180!  200 
215   240 
250   280 
290   325 
330,   370 
370    415 
420   470 
465   520 

310 
370 
430 

,59 

13 

130 

160 

345 
400 
460 
525 
590 
660 
740 
815 
900 
980 
1,060 
1,150 

51 

14 

1S4 

250 

460 
530 
605 
680 
760 
845 

46 

15 

495 
560 
635 
710 
790 

40 

16- 

33 

17--     

31 

18 

10 

19 

900 
1,000 
1,090 
1,190 
1,290 
1,380 
'  1,490 
1,590 

17 

20 

575 
635 
700 
760 

875 

935 

4 

21 

965,  1,030 
1,050    1,120 
1,  140    1.  220 

1? 

22 

10 

23        

5 

24 

1,230 

1,310 

1,450 

1,550 
1.660 

3 

25 

1,080 
1,160 
1,240 
1,320 
1,400 
1,480 
1,560 
1,650 

1,  1601   1,  240 
1,2.50    1,330 
1,330,  1,420 

1,320 
1,410 
1,510 

1,410 
1,500 
1,610 
1,710 
1,820 
1,930 
2,040 
2,160 

26 

27 

1,700    1.780  1.870 

1,950 

1 

28 

1,  4201  1,520 

1.610 

1,810 
1,920 
2,040 
2,160 
2,270 

T,  OOOVl,  990 
2,  010  2, 100 
2, 130  2,  220 
2,  250  2,  340 
2,  380  2.  480 

2,060       1 

29 

l,50o!  1,610    1,710 
1,590:  1,700    1,810 
1,680|  1,800    1,920 
1,770    1,910   2,040 

2,180 

30 

2,300 

31 

2,430 

32 -. 

2,  570 

Basis 
(trees).. 

4 

14 

20 

46 

64 

80 

88 

81 

74 

58 

38         24 

2 

1 

,'i94 

One-eighth-inch  saw  kerf,  1-inch  boards.  For  M-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands  from  30  to  160  years 
of  age.  Stump  height,  1  foot.  Trees  scaled  in  16-foot  log  lengths  with  0.25-foot  trimming  allowance  and 
additional  top  section  to  5-ineh  top  diameter  (inside  bark).  Table  prepared  by  alignment-chart  method, 
1927.  .\ggregate  deviation  from  baisc  data,  —0.25  per  cent.  Average  deviation  of  individual  tree  volumes 
from  tabular  values,  11.1  per  cent. 
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Table  54. — Board-foot  volume  table  {international  rule),  for  second-growth  western 

larch 


Diameter 
breast 

Volume  (board  feet)  by  total  height  of  trees  in 

feet 

^ 

high 
(inches) 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

CO 

'55 

03 

m 

7.    

e 

11 

10 

18 

14 
25 

38 

19 
32 

48 

66 

85 

105 

130 

24 

40 

,58 

79 

100 

125 

1,50 

29 

35 

40 

64 

89 

115 

8 

g 

48     .56 

''4 

9 

18*^ 

69 
92 
115 
145 
175 
205 
240 

79 
105 
135 
165 
195 
230 
270 
305 
350 
395 

100 
130 

?? 

10-.. 

38 
51 

"53 

68 

86 

105 

125 

145 

145 

155 
195 

11 

11 

150 
180 
215 
255 
300 
340 
385 
435 
485 
540 
595 
655 
715 
770 
830 

165 
200 
240 
280 
330 
375 
425 
480 
530 
590 
655 
715 
780 
840 
910 
980 
1,050 

-im 

220 
260 
305 
355 
410 
460 
520 
580 
640 
710 
775 
845 
910 
980 
1,050 
1,130 

210 
I      255 

220 

275 
330 
390 
450 
510 
575 

3? 

12 

240 

285 

330 

385 

440 

500 

560 

625 

690 

760 

835 

905 

975 

1,050 

1,130 

1,210 

1,290 

1,370 

1,450 

1,530 

l.fi2n 

9? 

13 

305 

360 

415 

475 

535 

600 

670 

740 

810 

890 

960 

1,040 

1,120 

1,200 

1,290 

1,370 

1 

??. 

14      

150 
175 
200 

180 
205 
235 

I 

''H 

15 

n 

16 

275 
315 
355 
395 
440 

545 
615 

580     610 

1      655     690 

730     770 

815     850 

890     930 

980  1,  020 

1,070  1,120 

1,150  1,210 

1,240  1,300 

1,  340  1,  400 

1,  430  1,  500 

1,  ,560 
1,650 
1,750 
1,850 
1,960 
2,060 
2,160 

17 

17_ 

18 

18 

640 

715 

785 

865 

945 

1.020 

1,110 

1,190 

1,280 

1,370 

1,450 

690 

770 

840 

925 

1,010 

1,090 

1,180 

1,270 

1.3,50 

15 

19        

44C 
490 
545 
595 
650 
710 

10 

20 

14 

21 

15 

22     

11 

23 

3 

24 

2 

25 

5 

26 

890 

955 

1,020 

1,080 

1,150 

5 

27-. 

1,450 
1,540 
1,630 
1,720 
1,810 
1,910 

1,5201,590 

4 

28 

1,110    1,200 
1,  180,  1,  280 
1,260!  1,360 
1,340    1,440 
1,420'  1,520 

1,6201,690 
1,7101,790 
1,8101,890 
l,900l  1.980 

1 

29      

1.460 

1   540 

2 

30 

1,540    1,6.30 
1,6.30    1,720 
1,720    1,820 

31 

32      -     .- 

2,000 

2,080 

1 

I           .     -       V, 

Basis 
(trees).. 

..- 

2 

11 

17 

22 

28 

33 

43 

24         37 

32 

35 

17 

2 

2 

305 

One-eighth-inch  saw  kerf,  1-inch  boards.  For  H-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  basic  data.  Data  collected  throughout  the  western  white-pine  region  in  stands  from  30  to  160  years 
of  age.  Stump  height,  1.5  feet.  Trees  sealed  in  16-foot  log  lengths,  with  0.3-foot  trimming  allowance 
and  additional  top  section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by  alignment-chart 
method,  1927.  Aggregate  deviation  from  basic  data,  —0.39  per  cent.  Average  deviation  of  individual 
tree  volumes  from  tabular  values,  12.2  per  cent. 


46         TECHNICAL  BULLETIN  323,  U.  S.  DEPT.  OF  AGRICXJLTURE 

Table  55. — Board-foot  volume  table  (international  rule)  for  second-growth  western 

hemlock 


Diameter 

breast  high 

(inches) 

Volume  (board  feet)  by  total  height  of  trees  in 

feet 

30 

40 

50 

no 

70 

80 

90 

100 

110 

120 

130 

110 

150 

160 

.2 
•a 

7 

7 
10 

11 
17 
25 
33 

15 
24 
35 

20 

32 

'25 
40 

31 

4S 

1    6S 

1 

8 

1 

9 

45 

60 

70 

95 

115 

140 

1G5 

190 

50 
74 
95 
115 
140 
170 
200 
230 

80 
105 
135 

165 

92 

120 
150 
185 
220 
260 

3 

10 

40 

59 

74 

90 

110 

130 

145 

165 

190 

210 

S9 
115 
140 
170 
200 
235 
275 

? 

11 

1 

12            

? 

13         

195 
230 
275 
315 
3G0 
410 
460 
515 
575 

245 
295 

9 

14 

330 
385 

4 

15 

---- 

310 
360 
410 
465 
525 
585 
655 
725 
795 

345 
400 
455 
515 
580 
050 
725 

fi 

16 

445 
505 
570 
640 
720 
800 
885 
975 
1.070 

485 
550 

525 
600 

565 

650 

740 

830 

930 

1,040 

1, 150 

1,270 

1,390 

1,  510 
1,040 
1,770 
1,910 

2,  050 
2,200 

l,"i26" 

1,240 
1,  360 
1,490 
1,620 
1,760 
1,910 
2.060 
2, 210 
2,380 

11 

17 

215 
245 
275 

265 
300 

310 
355 

5 

18 

025 

700 

790 

880 

970 

1,070 

1,170 

1,280 

1,390 

ObO 

5 

19 

335 
370 
415 
455 
505 

400 
445 
495 
550 
605 

765 
860 
960 
1,  060 
1,170 
1,280 
1,390 
1.  510 
1,640 
1,770 
1,900 
2,040 

20 

3 

21 

6 

22       

640 
700 
770 
840 
915 

»06 

885 

970 

I,060' 

1,150 

23 

2 

24 

870 

950 

1,040 

1 

25  .     

1,  170 
1,270 
1,380 
1,490 
1,600 
1,720 

26. .- 

1 

27 

1,510 
1,630 
1,750 
1,880 

2S         

29..     

30 

---- 

~^ 

3 

Basis  (trees).. 

3 

3 

13 

8 

14 

9 

5 

1 

f>3 

One-eighth  inch  saw  kerf,  l-inoh  boards.  For  H-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  basic  data.  Data  collected" principally  on  the  f'oeur  d'.^lene  and  Kaniksu  National  Forests  in  stands 
from  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths,  with  0.3-foot 
trimming  allowance  and  additional  top  section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by 
alignment-chart  method,  1927.  Aggregate  deviation  from  basic  data,  —0.44  per  cent.  Average  deviation 
of  individual  tree  volumes  from  tabular  values,  10,3  per  cent. 
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Table  56. — Board-foot  volume  table  {international  rule)  for  second-growth  lowland 

white  fir 


Diameter 

breast,  high 

(inches) 

Volume  (board  feet)  by  total  height  of  trees  in  feet 

I 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

7 

4 

9 

15 

10 

18 
07 

16 
28 

40 

23 
37 

53 

70 

3C 

47 

60 

86 

110 

135 

ICO 

190 

220 

255 

290 

325 

36 

44 

4 

8 

57 
79 
100 
130 
155 
190 
220 
260 
300 
340 
385 

6f 

9: 
12c 
15C 
180 
220 
200 
300 
1  345 

75 
105 
135 

205 
250 
290 
340 
390 
440 
500 
560 
620 
685 
750 
815 
870 
930 

83 
115 
150 
185 
230 
275 
320 

7 

9 

8 

10  .       

37 

54 
68 

10 

11 

lid 

130 
155 
180 

13 

12 

4 

13 

300 
355 

330 
390 

455 
520 

360 

425 
490 
565 
640 
725 

6 

14 

?: 

15 _.- 

375 
430 
490 
555 
620 
690 
760 
830 
900 

415 
475 
540 
616 
685 
765 
840 
920 
995 

9 

16 

4 

17 

390 
440 
495 
550 
610 
665 
720 
770 
820 

590 

070 

750 

835 

920 

1,000 

1,090 

1,1 7f 

l.'Mf 

690 
780 
870 
970 
1,070 
1.170 

1,  27(1 
1,380 
1,450 
1,  54(' 
l.n2(: 
1,  700 
1,770 
1,830 

4 

0 

18 

8 

19 

810 

90(, 

990 

1,090 

1,180 

940 

1,  050 
1, 150 
1,  260 
1,360 
1,450 
1,  550 
1.610 
1,730 
1,820 
1,900 
1,970 

7 

20 

---- 

---- 

4 

21           

f- 

22  .     

5 

23 

1,450 
1,550 
1,650 
1,750 
1,840 
1,940 
2,020 
2,100 

1,540 
1,650 
1,750 
1,850 
1,950 
2,  050 
2,140 
2,220 

5 

24 

970 
1,030 
1,090 
1,150 
1,200 
1,250 
1,300 

1,07( 
1,  14C 
1,210 
1,280 
1,340 
1,400 
1,  450 

16 

1,  260 
1,350 
1,430 
1,500 
1,  580 
1,C40 
1,700 

3 

1 

25 

0 

20 

27 

----- 

---- 

---- 

---- 

---■ 

1,  320 
1,390 
1,  400 
1,520 
1,570 

13 

1 
1 

28 

29.-. -- 

30          

2 

2 

8 

Q 

12 

!8 

17 

BasiE  (tree^) . 

9 

113 

One-eiehth  inch  saw  kerf,  1-inch  boards.  For  Yi-mch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  basic  data.  Data  collected  principally  on  the  Coeur  d'Alene  and  Kauiksu  National  Forests  in  stands 
from  30  to  160  years  of  ace.  Sturap  heieht,  1.5  feet.  Trees  scaled  in  16-foot  log  leneths  with  0.3-foot 
trimming  allowance  and  additional  top  section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by 
aUgnjiient-chart  method,  1927.  Aggregate  deviation  from  basic  data, —0.59  per  cent.  A  verage  deviation 
of  individual  tree  volumes  from  tabular  vahies,  13.6  per  cent. 
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Table  57.  — Board-foot  volume  table  (iriternational  rule)  for  second-growth 

Douglas  fir 


Diameter 

breast  high 

(inches) 

Volume  (board  feet)  by  total  height  of  trees 

in  feet 

-fc^ 

30 

40    50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

CO 

m 

7 

1 
9 

8,     14 
16'     24 

20 
32 
45 
59 
74 
90 
105 
1?,5 

25 
39 

^ 
73 

90 

110 

130 

155 

180 

205 

230 

260' 

30 

36 

56 

IK 

8              

48 
66' 
86 
110 
130 
155 
180 
210 
240 
275 

63 

86 

69 

94 

125 

155 

46 

9           

24 
33 

34 
46 

77 
100 
125 
150 
180 
205 
240 
275 
315 
350 
390 
435 
480 
525 
575 
625 
675 
7?5 

30 

10     

110 
14U 
165 
200 
235 
270 
310 
350 
395 
440 
490 
540 
590 
645 
700 
755 
815 
870 
940 
1,000 
1,070 

19 

11 

57 

69 

84 

100 

115 

170 

185 
225 
265 
310 
360 
410 
465 

37 

12           

185 
220 
260 
300 
345 
385 
435 
485 
540 
595 
655 
715 
770 
830 

205 
245 
285 
330 
380 
425 
485 
535 
595 
655 
720 
785 
850 

'>'> 

13 

23 

14_- 

?6 

15            

150 
170 

''I 

16 

445 
505 

480 
545 
610 

675 
750 
820 
900 

985 

515 

585 

655 

725 

805 

885 

970 

1,060 

1,150 

1,240 

l.«0 

TJ 

17  

11 

18            

305 
340 
380 
420 
460 
500 
545 
590 
635 
680* 
730 

525 
580 
645 
710 
780 
850 
920 

565 
630 
695 
765 
840 
915 
995 
1.070 

8 

19 

q 

20 

1 

21         

9 

22-    

? 

23- 

4 

24            

1,070 
1,  1.50 

3 

25 

920l      995 

1 

895 
960 
1,030 
1,100 
1,180 
1, 2.50 
1,330 

985 
1,060 
1,140 
1,210 
1,300 
1,380 
1.460 

1,070 
1,150 
1,240 
1,320 
1,410 
1,500 
1,590 

1,160 
1,240 
1,340 
1,430 
1,520 
1,620 
1,720 

1,250 

1 

27            

78C 
835 
890 
950 

1,340!  1,430 
1,440;  1,540 
1.540    1,640 
1,640:  1,750 
1,750    1,860 
1,8501   1,980 

28 

1,640 
1,740 
1,860 
1,980 
2,110 

1,740 

29 

1,850-... 

30 

1, 980,       1 

31 

1,130 
1,200 

2,100--- 

32-.. ..- 

2,240l-__- 

1 

Basis  (trees). 

--- 

5 

20 

27 

50 

58 

61 

48 

28 

9 

2 

2 

1 

311 

One  eighth-inch  saw  kerf,  1-inch  boards.  For  J^-inch  kerf  deduct  9.5  per  cent.  Block  indicates  e.xtent 
of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands  from  30  to  160  years  of 
age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths,  with  0.3-foot  trimming  allowance,  and 
additional  top  section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by  alignment-chart  method, 
1927.  Aggregate  deviation  from  basic  data,  less  than  0.5  per  cent.  Average  deviation  of  individual  tree 
volumes  from  tabular  values,  15.4  per  cent. 


SECOND-GROWTH  YIELD  IN  WESTERN  WHITE  PINE 


49 


Table  58. — Board-fool  volume  table  {international  rule)  for  second-growth  western 

red  cedar 


Diameter 

Volume 

(board  feet)  by  total  height  of  trees  in  feet 

breast  liigh 
(inches) 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

en 

7 

9 
14 
19 
24 

14 
20 

?8 

19 
27 
37 
48 
58 
72 
85 

100 
115 
135 
150 
170 
185 

24 

34 

47 

60 

74 

91 

110 

125 

145 

170 

190 

210 

235 

29 

4? 

33 

49 

3 

8 

56 
76 

98 

63 

86 

110 

135 

170 

4 

9     

57 
73 
90 
110 
130 
155 
180 
205 
230 
255 

66 
86 
105 
130 
155 
180 
210 
240 
270 
300 
330 
360 

13 

10     

36 
44 
53 
62 

10 

11 

120 
150 
175 
205 
240 
270 
305 
335 

370 

405 

150 

185 

1? 

12-  

205 
240 
275 
315 
355 
400 
440 
485 
530 
580 
630 
080 

220 
260 
300 
340 
385 
430 
475 
525 
575 
625 
675 
730 
785 
840 
900 
955 

27 

13 

200 
230 
265 
300 
340 
375 
410 
450 
490 
535 
575 

220 
250 
290 
325 
370 
405 
450 
490 
535 
580 
625 

n 

14 

?n 

15 

19 

16 

17 

17 

11 

18       

11 

19 

280 
310 
340 

3 

20--  

3 

21 

390 

440 
480 
520 
560 
600 
640 
680 
725 
765 
810 

•?. 

22 

t 

725 

780 

840 

900 

960 

1,020 

1,080 

'  1, 130 

1,190 

3 

23 

3 

24  -   

615 
660 
700 
750 
800 
845 
900 

670 
720 
770 
820 
870 
920 
970 

730 

780 
840 
890 
940 
1. 000 
1,050 

890 
950 
1,020 
1,080 
1,140 
1,200 
1,260 

940 
1,000 
1,070 
1,130 
1,200 
1,260 
1,330 

1 

25 

26 

27 

28-  - 

1,010 
1,070 
1,120 

1 

29- 

1 

30 

Basis  (trees) 

1 

11 

12 

37 

54 

41 

21 

7 

2 

1 

187 

One  eighth-inch  saw  kerf,  1-inch  boards.  For  K-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands  from  30  to  160  years  of 
age.  Stump  height,  1.5  feet.  Trees  scaled  in  16- foot  log  lengths  with  0.3-foot  trimming  allowance  and 
additional  top  section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by  alignment-chart  method, 
1927.  Aggregate  deviation  from  basic  data,  less  than  1.0  per  cent.  Average  deviation  of  individual  tree 
volumes  from  tabular  values,  11.9  per  cent. 
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Table  59. — Board-foot  volume  table  (international  rule)  for  second-growth  western 

white  pine 


Diameter  breast  high 

Volume  (board  feet)  by  total 

number  of  16-foot  logs 

Basis 

(inches) 

l}4 

2 

3 

4 

5 

6 

7 

8 

9 

10 

(trees) 

7              

23 

25 

28 

30 

32 

35' 

37 

40 

43 

35 
42 

48 
55 
62 

55 

70 

82 

96 

110 

125 

140 

160 

175 

80 
97 
115 
135 
155 
180 
205 
230 
255 
285 
315 
345 
380 
410 
445 
480 
520 
555 
595 
635 
675 
715 
760 
805 
855 
900 

100 

120 

51 

8 

63 

9 

145 
175 
200 
235 
265 
300 
335 
375 
410 
450 
495 
540 
585 

180 

215 

56 

10 

46 

11 

250 
290 
330 
370 
415 
460 
510 
560 
610 
665 
720 
780 

55 

12 

69 
76 
83 
91 

340 

385 

59 

13 

51 

14.   .       - 

430 
480 
540 
600 
660 
725 
790 
855 

930 
1,010 
1,090 

490 

550 
615 

46 

15 

40 

16 

690 
770 
855 
940 
1,030 
1,130 
1,240 
1,340 
1,450 
1,  560 
1,080 
1,800 
1,920 
2,040 
2,170 
2,310 
2,440 

765 
850 
950 
1,050 
1,150 
1,260 
1,380 
1,500 
1,620 
1,750 
1,880 
2.020 
2,160 
2,300 
2,440 
2,580 
2,720 

33 

17 

685 

755 

830 

910 

1,000 

1,090 

1,180 

1,280 

1,380 

1,480 

1,  590 

1.700 

31 

18 

10 

19 

17 

20 

4 

21 

12 

22 

635 

680 

730 

780 

835 

890 

955 

1,029 

1,090 

1,170 

1,250 

10 

23 

840 
905 

980 
1, 050 
1,130 
1,210 
1,  290 
1,380 
1,  460 
1,550 

5 

24 

3 

25. 

1,170 
1,260 
1,350 
1,450 
1,  550 
1,650 
1,  750 
1,860 

26 .- 

27... 

1 

28 

1 

29 

1.810 
1,930 
2.040 
2,160 

30 

31 

32 

Basis  (trees) 

25 

63 

93 

106 

140 

86 

63 

18 

594 

One-eighth-inch  saw  kerf,  1-inch  boards.  For  J<-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands  from  30  to  160  years  of 
age.  Stump  height,  1  foot.  Trees  scaled  in  16-fuot  log  lengths,  with  0.2.5-foot  trimming  allowance  and 
additional  top  section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by  alignment-chart  method, 
1927.  Aggregate  deviation  from  basic  data,  0.11  percent.  Average  deviation  of  individual  tree  volumes 
from  tabular  values,  8.5  per  cent. 
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Table  60. — Board-foot  volume  table  {international  rule)  for  second-growth  western 

larch 


Diameter  breast 

Volume  (board  feet)  by  total  number  of  16-foot  logs 

Basis 

high  (inches) 

IM 

2 

3 

4 

5 

6 

7 

8 

9 

10 

(trees) 

7 

20 
21 

33 

37 
41 
40 

50 

73 

6 

8 _ 

CO 
70 
80 
93 
105 
120 

84 
99 
115 
130 
150 
170 
190 
215 
235 

105 
125 

145 

24 

9 

23 
25 
27 
30 
32 

22 

10- 

180 
205 

205 
240 

275 

11 

11 

51 
57 
64 
70 
77 
85 
92 
100 

170 

195' 

220 

250 

280 

310 

345 

375 

410 

445 

32 

12 

235 
270 
305 
340 
380 
425 
465 
510 
555 
605 
655 
705 
760 
820 

22 

13 

315 

360 

400 

450 

500 

550 

605 

660 

715 

775 

840 

905 

975 

1,050 

1,  120 

1,200 

1,280 

1,360 

1,440 

1,520 

365 
415 
465 
520 

22 

14 

135 
150 
165 
180 
195 
210 
230 

28 

15 

13 

16 

580 

645 

720 

800 

885 

970 

1, 060 

1,150 

1,240 

1,340 

1,440 

1,540 

1,640 

1,  750 
1,860 
1,980 

2,  090 
2,220 

17 

17 

260 
285 
310 
335 
365 
395 
430 
460 
495 
530 
565 
605 
640 
680 
715 
755 

575 

640 

700 

760 

830 

900 

980 

1,  060 

1,140 

1,220 

1,  310 

1,400 

1,480 

645 
715 
790 
865 
945 
1, 020 

18 

18 

15 

19 

10 

20 

14 

21 

485 
525 
565 
610 
650 
700 
750 
800 
850 
905 
960 
1,020 

15 

22 

11 

23 

1,110 
1,200 
1,290 
1,380 
1,480 
1,570 
1,670 
1,770 
1,870 
1,970 

3 

24 

2 

25 

5 

26 

880 
940 
1,010 
1,070 
1,140 
1,210 
1,280 

5 

27 

4 

28 

1 

29 

1 

2 

30 

1 

1,580 
1,670 
1,760 

31 

32 

1 

1 

1 

Basis  (trees) 

9 

25 

31 

42 

45 

54 

51 

42 

4 

303 

One-eighth-inch  saw  kerf.  For  i-4-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent  of  basic  data. 
Data  collected  throughout  the  western  white  pine  region  in  stands  from  30  to  160  years  of  age.  Stump 
height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths,  with  0.3-foot  trimming  allowance  and  additional  top 
section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by  alignment-chart  method,  1927.  Aggre- 
gate deviation  from  basic  data,  0.23  per  cent.  Average  deviation  of  individual  tree  volumes  from  tabular 
values,  8.6  per  cent. 
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Table  61. — Board-foot  volume  table  {internaiional  rule)  for  second-growth  western 

hemlock 


Diameter  breast  high  (inches) 

Volume  (board  feet)  by  total  number  of  16-foot  logs 

Basis 

IH 

2 

3 

4 

5 

6 

7 

8 

(trees) 

7 

22 
24 

38 
43 

1 
1 
3 
2 
1 
2 

0 

8 - 

75 

87 

9 

27 
29 
32 
34 
37 
40 
43 
46 
49 
52 

50 
56 
63 
71 
79 
87 
96 
105 

120 

155 
185 
220 
250 
290 
325 

10 

100 
115 
130 
150 
165 
185 
205 
230 
250 

140 
165 
190 
220 
250 
275 
310 
340 
375 
410 
450 
490 

11 

12 

320 

365 
410 
460 

13 

14 

485 
540 
600 

705 

780 

860 

950 

1,040 

1,140 

1,240 

1,350 

1,460 

1,570 

1,690 

1,800 

1,920 

2,050 

2,200 

4 

6 

11 

15 

365 
405 
450 
500 
550 
600 
655 
710 
770 

16 

515 
570 
625 
690 
750 
820 
890 
960 
1.040 

17 

115 
125 
135 
150 
160 
170 

670 

745 

820 

900 

980 

1,070 

1,150 

1,240 

1,335 

1,435 

5 
5 

18 

19 

275 
300 
325 
350 
380 
410 
440 

20 

3 
6 

21 

22 

530 
575 
620 
670 
715 
765 
815 
870 
925 

23 

2 

24 

830 
890 
960 
1,030 
1,100. 
1,170 
1,250 

1 

25 

1.  120 
1,200 
1,290 
1,380 
1,475 
1,  575 

26 

1 

27 

1,535 
1,645 
1,760 
1,885 

28 _. 

29 

30 

Basis  (trees) 

2 

5 

6 

18 

16 

13 

3 

63 

One-eighth-inch  saw  kerf,  1-inch  boards.  For  ^4-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  basic  data.  Data  collected  principally  on  the  Coeur  d  'Alene  and  Kaniksu  National  Forests  in  stands 
from  30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths  with  0.3  foot  trim- 
ming allowance  and  additional  top  section  to  5-inch  top  diameter  (inside  bark).  Table  preparedby  align- 
ment chart  method,  1927.  Aggregate  deviation  from  basic  data,  0.11  per  cent.  Average  deviation  "of  indi- 
vidual tree  volumes  from  tabular  values,  7.9  per  cent. 

Table  62. — Board-foot   volume   table    {international   rule)    second-groivth   lowland 

white  fir 


Diameter  breast  high  (inches) 

Volume  (board  feet)  by  total  i 

lumber  of  16-foot  logs 

Basis 

IH 

2 

3 

62 

4 

5 

6 

7 

8 

(trees) 

7 - 

22 
24 
26 

38 
43 
49 
55 
62 

86 

3 

8 

72  1     100 

130 

155 
185 
215 

7 

9... 

84 

98 

115 

120 
140 
165 
190 
215 
245 
275 
305 

8 

10 

28 
31 
34 
37 
40 

10 

11 

265 
305 
350 
395 

13 

12. 

69 

77 

85 

94 

105 

115 

125 

135 

145 

130 
150 
165 
185 
205 
225 
2.50 
270 
295 
320 
345 
370 
400 
430 

250 
280 
320 
360 
400 
440 
485 
530 
580 
a30 
680 

4 

13 

5 

14 

465 
525 

585 

"'""eso' 

750 

8.30 

920 

1.000 

1,090 

1,180 

2 

15 

445 
495 
545 
605 
660 
725 
785 
850 
920 

9 

16 

4 

17 

335 
365 
400 
435 
475 
510 
5.55 
.595 
640 

6,% 

720 

790 

865 

940 

1,020 

1,100 

1,185 

1.270 

6 

18 

8 

19 

7 

20 

4 

21 

6 

22 

5 

23.... 

735 

795 

855 

915 

980 

1.050 

1,  120 

1.  190 

1,280 
1,380 
1,480 
1,580 

1,690 

3 

24 

9<»0 
1,070 
1.150 
1,230 
1,310 
1.  ,390 
1.480 

3 

25 

2 

28 

1.  3()0 
1.4,W 
1,  .5,50 
1,  650 
1.7.50 

1 

27 

1 

28 

... 

1,  7il0 
1.900 
2.010 

29 

30 

Basis  (trees) 

3 

13 

IS          IS 

17 

21 

17 

5 

112 

1 

One-eighth-inch  saw  korf,  1-inch  boards.  For  !i-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  ba.sic  data.  Data  collected  principally  on  the  Coeur  d  '.\Iene  and  Kaniksu  National  Forests  in  stands 
from  .30  to  160  years  of  age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths  with  0.3  foot  trim- 
ming  allowance  and  additional  top  .section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by  align- 
ment-chart methofl,  1927.  Aggregate  deviation  from  basic  data,  0.72  per  cent.  Average  deviation  of 
Individual  tree  volumes  from  tabular  values,  8  per  cent. 
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Table  63.  —Board-foot  volume  table  {international 

rule)  for  second-growth  Douglas  fir 

Diameter  breast  high  (inches) 

Volume  (board  feet)  by  total  number  of  16-foot  logs 

Basis 

m 

2 

3 

4 

5 

6 

7 

8 

(trees) 

7                                                   

19 
20 
22 

33 

37 
41 
45 
51 

58 

55 

75 
89 

18 

8                                               

-^ 

71 

83 

95 

110 

120 

135 

110 
130 
155 
180 

46 

9                                          

105 
120 
140 
160 
180 
205 
230 
250 
275 
305 
330 
360 
395 

30 

10 

25 
28 
30 
32 
35 
37 

19 

11                        

220 
250 
285 
325 

37 

12     

205 
235 
265 
300 
330 
370 
405 
445 
485 
530 
575 
620 
670 
725 
780 
835 
890 
950 
1,010 

25 

13                                           .  

66 

73 

80 

88 

96 

105 

115 

125 

340 

385 
435 

4S5 

390 
440 

505 
570 

23 

14 

26 

15                     

155 
170 
185 
205 
225 
245 
265 
285 
310 
330 
360 
385 
415 
445 
475 
510 
540 
570 

370 
410 
400 
510 
560 
610 
670 
725 
785 
850 
920 

21 

16                                                -  -   

12 

17 

540 

635 

11 

18                           

600 
665 
725 
790 
865 
940 
1.010  ' 

705 
775 
850 
930 
1,020 
1,100 

8 

1,/                    .  

9 

20                                           --  -  - 

5 

21 

9 

22                       

430 
470 
505 
545 
585 
625 
670 
710 
760 
800 
850 

2 

4 

24 

1,190 

3 



1, 090 
1,170 
1,  260 
1,340 
1,430 

1,280 
1.370 
1,470 
1,570 
1,680 

1 

26                    

985 
1,050 
1,130 
1,200 
1,280 
1, 360 
1,450 

1 

28                         

30     

1,  530       1,  790 
1,  620       1, 900 
1,720       2,010 

1 

31                                 

1,  OSO 
1,140 

32 

Basis  (trees)  

25 

65         60 

74             72 

12  !            2 

1 

311 

One-eighth-inch  siw  kerf.  1-inch  boards.  For  14-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands  from  30  to  160  years  of 
age.  Stump  height,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths  with  0.3-foot  trimming  allowance,  and 
addition il  top  section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by  alignment-chart  method, 
1927.  Aggregate  deviation  from  basic  data,  0.89  per  cent.  Average  deviation  of  individual  tree  volumes 
from  tabular  values,  9.7  per  cent. 

Table  64. — Board-foot  volume  table  {international  rule)  for  second-growth  western 

red  cedar 


Diameter  breast  high  (inches) 

Volume  (board  feet)  by  total  number  of  16-foot  logs 

Basis 

H4 

2 

3 

4 

5 

6 

(trees) 

7                                                                    -    - 

21 
23 

34 
39 
44 
50 
56 
62 
68 

57 

3 

8                                                                        

65 

75 

86 

98 

115 

130 

140 

155 

175 

190 

210 

4 

g 

25 
27 
29 
31 
34 
36 
38 
41 
43 
46 
48 
51 

105 

125 

13 

10                  

10 

11           

140 
105 
185 
205 
225 
250 
275 
300 
325 
350 

ISO 
210 

12 

12 

250 
285 
320 
355 
395 
435 
475 
520 
560 
610 

27 

13 

235 

265 

295 

325 

355 

390 

425 

460 

500 

535' 

575 

615 

655 

700 

745 

790 

23 

14  ..                                  --.     

75 

82 

90 

98 

105 

115 

125 

135 

145 

20 

15 

19 

16 

17 

17                                       -     -          

11 

18 

11 

19 

225 
245 
265 
285 
305 
325 
345 
370 
305 
420 
445 
475 

3 

20.... 

3 

21 - 

380 
410 
440 
475 
505 
540 
575 
610 
645 
680 

2 

22         

655 
705 
760 
815 
875 
935 
1,000 
1,070 

3 

23 

3 

24     

1 

25 

26 

27     ---                  -  -            -         . 

28 

1 

29 

840 
890 

1 

30 

1.140 

Basis  (trees)- -              ... 

4 

23 

59 

71 

27 

3 

187 

One-eighth-inch  saw  kerf,  1-inch  boirds.  For  M-inch  kerf  deduct  9.5  per  cent.  Block  indicates  extent 
of  basic  data.  Data  collected  throughout  the  western  white  pine  region  in  stands  from  30  to  160  years  of 
age.  Stump  heights,  1.5  feet.  Trees  scaled  in  16-foot  log  lengths  with  0.3-foot  trimming  allowance  and 
additional  top  section  to  5-inch  top  diameter  (inside  bark).  Table  prepared  by  alignment-chart  method, 
1927.  Aggregate  deviation  from  basic  data,  0.17  per  cent.  Average  deviation  of  individual  tree  volumes 
from  tabijiar  values,  8.3  per  cent. 
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APPENDIX 

YIELD-TABLE  MATERIAL  AND  TECHNIC 

TABULAR   BASIS 

The  field  and  office  methods  used  in  this  study  were  essentially  those  outlined 
by  a  committee  of  the  Society  of  American  Foresters  (£).  The  basic  data  consist 
of  306  sample  plots,  collected  in  a  systematic  search  of  a  large  number  of  western 
white  pine  stands  between  20  and  i60  years  of  age.  The  general  distribution  of 
these  plots  by  locality  is  shown  in  Figure  1.  All  plots  were  located  in  essentially 
even-aged,  normal  stands  judged  to  be  producing  maximum  volume  for  their 
particular  age-site  condition.  That  normal  stocking  can  be  recognized  v.ith 
reasonable  accuracy  is  shown  by  the  fact  that  three  collectors,  F.  I.  Rockwell, 
A.  O.  Benson,  and  the  writer,  working  at  widely  separated  intervals,  chose  for 
study  stands  with  densities  not  greatly  dissimilar.^ 

PLOT    MEASUREMENTS 

Plot  boundaries  were  surveyed  with  a  staff  compass  and  steel  tape._  Hori- 
zontal measure  was  used  throughout.  The  nature  of  the  stands  made  it  imprac- 
ticable to  obtain  strictly  rectangular  plots,  but  plots  were  usually  4-sided  and  acute 
angles  were  avoided.  The  age  of  the  stand  represented  by  each  plot  was  deter- 
mined by  annual-ring  counts  on  increment  cores  taken  from  several  dominant 
and  codominant  white  pines,  these  counts  being  adjusted  to  allow  for  the  time 
needed  for  a  dominant  seedling  to  grow  to  the  height  above  ground  at  which  the 
boring  was  made.  Occasionally  an  intermediate  or  suppressed  tree  was  bored  to 
make  sure  that  the  stand  was  essentially  even-aged;  i.  e.,  that  the  ages  of  the 
youngest  and  oldest  trees  did  not  vary  by  more  than  20  years. 

Height  over  diameter  curves  were  prepared  for  each  species  present,  except  that 
quite  frequently  the  curves  of  subordinate  species  present  in  minor  amounts  were 
used  on  several  plots  in  the  same  vicinity.  A  tally  of  trees  by  diameter,  species, 
and  crown  class  and  a  general  plot  description  completed  the  field  work.  The 
volumes  for  all  plots  were  computed  by  means  of  the  second-growth  volume  tables 
presented  in  this  bulletin,  the  plots  collected  in  previous  studies  being  recomputed 
in  this  wav. 

The  methods  used  in  1909-1912  varied  somewhat  from  those  just  described. 
Most  of  these  variations  were  of  minor  importance;  but  one  omission,  the  lack  of  a 
tally  by  crown  class,  necessitated  an  indirect  method  of  site  classification  for  the 
older  plots.  Fortunately,  this  proved  an  easy  matter,  due  to  the  definite  relation 
existing  between  the  average  diameter  of  all  white  pines  and  the  average  diameter 
of  the  dominant  white  pines.^  As  the  average  diameter  of  all  white  pines  present 
was  easily  computed,  the  size  of  the  average  dominant  could  be  determined  in 
turn  from  this  relation  and  the  corresponding  height  needed  in  site  classification 
read  from  the  white  pine  height  curve  for  the  plot.  This  method  of  site  classifica- 
tion was  checked  on  plots  for  which  the  actual  average  dominant  height  had  been 
measured.  About  one-half  of  the  predicted  values  were  within  2  feet  and  two- 
thirds  within  3  feet  of  the  value  derived  in  the  usual  manner. 

SEEDLING    HEIGHT    GROWTH 

As  a  knowledge  of  seedling  lieight  growth  is  essential  to  accurate  age  detennina- 
tions,  an  analysis  was  made  of  the  growth  of  275  dominant  white-pine  seedlings 
scattered  over  a  variety  of  sites  and  aspects.  These  measurements  show  that  on 
soil  of  average  fertility  dominant  white  pines  require  about  5  years  to  reach  1  foot 
and  11  years  to  reach  4.5  feet  in  height.  The  range  of  sites  sampled  in  this  seed- 
ling analysis  (site  index  55  to  65)  does  not  permit  accurate  adjustment  of  these 
values  on  the  basis  of  side-index  classes,  tliough  undoubtedly  average  rate  of 


*  The  stand  density  of  the  plots  taken  bv  each  collector  was  expressed  in  basal  area  and  compared  with 
the  averaRC  basal  area  of  the  plots  of  all  collectors  coniliined.  F.  I.  Rockwell's  plots  averaped  4  per  cent 
hiKhcr,  A.  <).  licnson's  (5  per  cent  lower,  and  the  writer's  O.."")  per  cent  higher  than  the  average. 

5  This  relation  was  llrst  suggested  in  the  case  of  Douglas  fir  by  R.  E.  McArdle,  Pacific  Northwest  Forest 
E-xperiincnl  Statiuu. 


SECOND-GROWTH  YIELD  IN  WESTERN  WHITE  PINE  55 

growth  varies  measurably  with  site  conditions.  However,  this  variation  is  rather 
immaterial  at  1  foot,  for  on  the  best  site  samj^led  it  required  4  years  and  on  the 
poorest  site  only  6  years  for  donu"nants  to  reach  a  1-foot  height.  On  this  basis, 
age  determinations  in  western  white  pine  stands  based  on  annual-ring  counts  1 
foot  above  the  average  ground  level  can  be  converted  to  total  age  with  reasonable 
accuracy  by  adding  5  years  on  average  soils,  4  years  on  better-than-average  soils, 
and  6  years  on  poorer-than-average  soils. 

Adjustment  of  ring  counts  taken  at  breast  height  can  be  made  only  with  a 
decrease  in  accuracy,  as  the  effect  of  site  differences  on  seedling  growth  is  more 
noticeable  by  the  time  breast  height  has  been  reached.  For  this  reason  all  age 
counts  are  made  at  1  foot  above  ground  level,  or,  if  the  large  size  of  dominants 
or  some  similar  reason  makes  this  inconvenient,  the  ring  coimt  is  converted  to 
age  at  the  1-foot  level  by  adding  the  number  of  branch  whorls  or  knots  between 
breast  height  and  tlie  1-foot  level.  When  it  was  necessary  to  convert  breast- 
high  counts  to  total  age  at  ground,  11  years  were  added  on  average  sites,  9  years 
on  better-than-average  sites,  and  14  years  on  poorer-than-average  sites. 

PLOT    REJECTION 

The  usual  difficulties  of  locating  and  recognizing  normal  stands  in  the  field, 
and  the  consequent  need  of  some  flexibility  in  selection  to  assure  reasonable 
progress,  made  it  desirable  to  examine  data  from  all  plots  in  the  office  for  possible 
abnormalities  in  stocking.  Basal-area  and  number-of-tree  deviations  of  individual 
plots  from  the  corresponding  average  values  read  from  a  preliminary  table  were 
used  as  the  criteria  in  this  work.  Each  tabular  value  was,  of  course,  properly 
interpolated  for  age  and  site.  These  deviations  were  expressed  as  percentages  of 
average  or  tabular  values,  and  any  plot  varying  by  more  than  2.5  times  the 
average  deviation  of  all  plots  (i.  e.,  approximately  twice  the  standard  deviation) 
W9S  tentatively  rejected.  Because  of  a  definite  plus  skewness  in  the  frequency  dis- 
tribution of  these  data — i.  e.,  the  occurrence  of  more  plots  denser  than  the 
average  than  plots  less  dense — the  plus  and  minus  deviation  groups  were  treated 
separately  to  assure  a  more  equitable  rejection  {13).  This  plus  skewness  is 
recognizable  in  each  collector's  group  alike  and  is  undoubtedly  due  to  the  relative 
ease  with  which  understocked  plots  are  recognized  and  rejected  in  the  field  as 
compared  with  overstocked.  In  plot  rejection,  therefore,  the  average  plus  devia- 
tion was  used  with  plots  denser  than  average  and  the  average  minus  deviation 
with  plots  less  dense.  Plot  rejection  was  not  purely  mechanical;  each  plot 
tentatively  discarded  was  carefully  scrutinized  before  a  final  decision  was  made 
as  to  retention  or  rejection.  The  use  of  both  basal  area  and  number  of  trees  in 
this  work  set  rather  high  standards,  however,  and  altogether  35,  or  11.4  per  cent, 
of  the  plots  were  rejected.  Of  this  total,  52  per  cent  were  rejected  on  basal  area, 
34  per  cent  on  number  of  trees,  and  14  per  cent  because  of  abnormalities  in  both 
criteria.  Practically  all  of  the  remaining  plots  were  within  -f  34  or  —  30  per  cent 
by  basal  area  and  within  -f  73  or  —  60  per  cent  by  number  of  trees. 

PLOT    DISTRIBUTION 

The  yield  tables  are  based  on  the  remaining  271  plots.  These  plots  vary  in 
size  from  about  0.05  acre  to  2  acres  in  area,  about  60  per  cent  being  under  one- 
half  acre  and  85  per  cent  under  1  acre.  Each  plot  was  so  chosen  as  to  contain 
a  good  sample  of  trees  adequately  covering  their  range  and  distribution  in  size. 
Usually  100  to  300  trees  per  plot  was  considered  an  adequate  sample. 

Table  65  shows  plot  distribution  by  age  and  site  class.  Note  that  while  the 
plots  are  fairly  well  distributed  by  age,  they  are  heavily  concentrated  in  a  few 
site-index  groups.  As  particular  stress  was  laid  in  this  study  on  the  desirability 
of  measuring  yields  on  very  good  and  very  poor  soils,  as  well  as  under  average 
conditions,  this  concentration  strongly  indicates  that,  although  the  range  in  site 
quality  throughout  the  western  white  pine  type  is  large,  some  70  per  cent  of  the 
land  producing  pine  is  in  two  site-index  classes  and  almost  90  per  cent  in  three 
such  classes.  An  examination  of  the  tabular  yields  will  show  the  very  large 
differences  in  wood-producing  capacity  between  the  major  site  groups. 
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Table  65. — Distribution  of  normal  plots  by  age  and  site  class 


Distribution  (number)  by  site  index  (feet) 

Age  class  (years) 

20-29 
feet 

30-39 
feet 

40-49 
feet 

50-59 
feet 

60-69 
feet 

70-79 
feet 

80-89 
feet 

All  plots 

20-29. 

ber 

Num- 
ber 

Num- 
ber 

Num- 
ber 
1 
2 
8 

11 
4 
8 
7 
i 

13 
9 
5 
4 
5 
8 

Num- 
ber 
1 
2 
14 
16 
4 
2 
4 
8 
29 
12 
5 
2 
7 
5 

Num- 
ber 

Num- 
ber 

Num- 
ber 

2 
28 
36 
34 

9 
13 
18 
15 
48 
25 
10 

6 
14 
13 

Per 
cent 
1 

30-39       

3 

9 
1 

1 

10 
3 
4 
1 
3 
7 
2 
2 
3 

2 

7 
1 

__ 

1 

10 

40-49 

13 

50-59 

12 

60-69     

3 

70-79 

5 

80-89     

7 

90-99 .-. 

1 
4 

6 

100-109 

18 

110-119 

1 

9 

120-129 

4 

130-139 

2 

140-149- 

2 

5 

150-159 

5 

Total 

3 

1 

12 
4 

37 

14 

89 
33 

111 
41 

15 
6 

4 

1 

271 

Percentages       

100 

Table  66  gives  the  distribution  of  plots  by  situation  and  aspect.  The  preference 
of  western  white  pine  for  moist,  protected  slopes  is  indicated  in  this  table,  since 
ahnost  half  of  the  classified  plots  are  located  on  lower  northerly  aspects.  A 
preliminary  analysis  of  these  data  with  regard  to  site  conditions  fails  to  show  any 
relationship  between  site  quality,  situation,  and  aspect.  This  is  contrary  to  the 
usual  assumption  that  lower  slopes,  for  example,  are  distinctly  better  in  site 
quality  than  the  ridges,  and  north  slopes  similarly  better  than  south  slopes. 
The  yield-study  data,  while  too  inadequate  to  solve  this  problem,  indicate  that 
such  assumptions  on  a  region-wide  scale  are  at  present  unwarranted.  It  will 
require  a  great  deal  of  careful  investigation  to  solve  this  problem  and  determine 
to  what  extent  the  more  favorable  moisture  relationships  on  north  aspects  are 
compensated  on  south  slopes  by  a  longer  growing  season,  a  longer  sunlight  day, 
and  higher  soil  and  air  temperatures. 

Table  66. — Distribution  of  normal  plots  by  aspect  and  situation 


Situation 

Aspect 

Flat 

Lower 
slope 

Middle 
slope 

Upper 

slope  and 

ridge 

Unclassi- 
fied 

All  plots 

Northwest 

Number 

Number 

10 

38 

18 

10 

8 

4 

5 

13 

Number 
9 
13 
10 
2 
1 
4 
1 
1 

Number 
6 

22 
5 
2 
6 
5 
6 
3 

Number 
3 
3 

3 
fi 

1 

Number 
28 
70 
36 
20 
If. 
13 
13 
17 
32 
20 

Per  cent 
11 

North... 

28 

Northeast 

13 

East      .  

7 

Southeast. 

6 

South 

5 

Southwest 

1 

5 

West. 

0 

None 

32 

12 

Unclassified 

1 

7 

12 

7 

Total 

32 
12 

lo- 
ss* 

41 
15 

62 
23 

29 
11 

271 

Per  cent 

100 
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CONSTRUCTION    OF    YIELD    TABLES 

Yield-table  construction  followed  the  methods  outlined  by  Reineke  (15). 
Briefly,  in  this  method  the  tables  are  based  on  a  series  of  average  curves  showing 
the  trend  of  average  dominant  height,  total  stand  basal  area,  average  tree  basal 
area,  and  cubic-foot  volume  over  age.  In  this  study  all  plots  between  45  and 
69  feet  in  site  index  were  used  in  drawing  these  average  or  graduating  curves. 
The  usual  series  of  conventional  curves  are  easily  derived  from  these  average 
curves,  as  the  values  of  any  such  curves  at  any  age  can  be  expressed  as  percentages 
of  the  average  curve  value  at  tliat  age. 

The  chief  advantage  of  this  method  is  that  the  tables  are  based  primarily 
on  a  series  of  strong,  well-defined  curves.  This  is  particularly  true  of  the  align- 
ment-chart method  proposed  by  Reineke,  for  here  only  one  curve  need  be  fitted 
for  each  item  instead  of  a  series  of  curves,  one  for  each  site  class.  This  general 
method  also  produces  a  stronger  table  through  a  very  effective  system  of  inter- 
checking  related  values.  For  example,  the  curves  of  tree  basal  area,  number  of 
trees,  and  stand  basal  area  must  check  one  another;  i.  e.,  at  any  age  the  product 
of  tree  basal  area  and  number  of  trees  must  equal  stand  basal  area.  Further- 
more, another  check  is  introduced  in  the  so-called  forest  form  factor-age  curve. 
Tlie  forest  form  factor  is  obtained  by  dividing  the  cubic  volume  by  the  product 
of  stand  basal  area  and  the  dominant  height  used  in  site  classification.  This 
value  is  used  to  check  the  curves  for  stand  basal  area,  height,  and  cubic  volume, 
for  at  any  age  cubic  volume  should  equal  the  product  of  stand  basal  area,  average 
dominant  height,  and  forest  form  factor.  Finally,  the  fit  of  these  curves  to 
their  basic  data  was  checked  by  computing  the  average  and  aggregate  deviations 
for  a  number  of  important  values.  These  deviations  are  listed  in  Table  67. 
The  average  deviations  are  based  on  the  deviations  of  individual  plots  from 
tabular  values  expressed  as  percentages  of  tabular  value.  The  great  variation 
of  individual  plots  from  the  tabular  values  for  stands  of  the  same  age  and  site, 
particularly  in  such  items  as  number  of  trees  and  board-foot  volumes,  are  shown 
by  the  relative  size  of  the  average  deviations.  The  aggregate  deviation  is  the 
difference  between  the  sum  of  the  actual  values  for  all  plots  and  the  estimated 
or  tabular  values  of  all  plots  interpolated  for  year  of  age  and  foot  of  site  index. 
This  difference  is  expressed  as  a  percentage  of  the  sum  of  the  tabular  values. 
The  low  aggregate  deviations  indicate  that  on  the  whole  the  tabular  curves  are 
correctly  balanced  against  their  basic  data.  Because  of  the  fundamental  sim- 
plicity of  the  methods  involved,  as  well  as  the  careful  system  of  cross  checking 
just  described,  it  is  felt  that  yield  tables  constructed  by  the  alignment-chart 
method  give  the  maximum  degree  of  accuracy  for  the  data  involved. 

Table  67.  — Average  and  aggregate  deviations  of  important  yield-table  values 


Item 


Basal  area... 

Number  of  trees 

Total  cubic-foot  volume 

Board-foot  volume: 

International,  trees  7  inches  and  larger 
Scribner,  trees  8  inches  and  larger 


Average 
deviation 


Per  cent 
±14.1 

±27.1 
±17.3 

i±22.  1 
i±30.  7 


Aggregate 
deviation 


Per  cent 
-0.04 
2-0.08 
+0.32 

+0.51 
+  1.33 


1  With  1  very  eccentric  value  omitted. 

2  Based  on  percentage  deviations. 


_  The  alignment-chart  method  also  permits  the  presentation  of  an  entire  set  of 
yield  tables  in  extremely  condensed  form.  Figure  12  shows  the  entire  set  of  22 
yield  tables  given  in  this  report  condensed  to  a  single  page.  Partial  stand 
values,  however,  can  not  be  read  directly  from  this  chart  but  must  be  obtained 
through  converting  factors.  Instructions  for  reading  this  chart  are  given  in 
Table  68. 
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FxouitE  12.— Alignment-chart  yield  table  for  second-growth  western  white  pine  stands 
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Table  68. — Instructions  for  using  alignment-chart  yield  table  {fig.  12) 


To  obtain— 


A.  Site  claasification,  hold  age  A,  hold  height  of  average  domi- 

nant on  X,  and  read  site  index  on  A'. 

B.  Height  of  average  dominant  white  pine 

C.  For  entire  stand: 

1.  Number  of  trees  per  acre 

2.  Average  diameter  breast  high  (inches) 

3.  Basal  area  (square  feet  per  acre) 

4.  Volume  per  acre  (cubic  feet) 

5.  Average  tree  basal  area  (s(]uare  feet) 

D.  Partial  stand:  For  any  of  the  following  items  determine 

similar  entire-stand  value.  Determine  average  diameter 
for  entire  stand.  Then  pass  a  straight  line  through  this 
average  diameter  on  X  and  point  P.    Along  this  line  for— 

1.  Stand  7  inches  and  larger — 

Number  of  trees  (per  cent) 

Average  diameter  (inches).. 

Basal  area  (per  cent). 

Board  feet  per  cubic  foot 

2.  Stand  8  inches  and  larger — 

Board  feet  per  cubic  foot 

3.  Stand  13  inches  and  larger — 

Number  of  trees  (percent) 

Average  diameter  (inches) 

Basal  area  (per  cent) 

Board  feet,  international  (J^-inch)  rule,  per  cubic 

foot 

Board  feet,  Scribner  (decimal  C)  rule,  per  cubic 

foot 

4.  Dominant  stand- 

Average  diameter  (inches) 

Cubic-foot  volume  (per  cent) 

E.  To  convert  percentages  and  ratios  to  actual  values,  hold 

entire  stand  or  total  value  on  R.  Hold  percentage  or  ratio 
on  R'.  Read  partial  stand  value  on  X,  pointing  oil  as 
with  a  slide  rule. 
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STATISTICAL  ANALYSIS  OF  RESULTS 


STAND    COMPOSITION    AND    YIELD 


As  has  been  stated,  the  western  wliite  pine  type  contains  an  extremely  complex 
and  variable  mixture  of  species.  Because  it  seemed  quite  possible  that  certain 
combinations  might  be  able  to  utilize  the  site  more  fully  than  others  and  hence 
produce  higher  yields,  it  was  necessary  to  determine  the  effect  of  stand  composi- 
tion on  yield.  Accordingly,  a  study  was  made  of  the  extent  to  which  variations 
in  yield  of  individual  plots  from  the  average  or  tabular  values  are  associated  with 
variations  in  stand  composition.  Modern  correlation  technic  (4,  7)  offered 
the  best  method  of  handling  this  complex  problem,  furnishing  both  a  numerical 
measure  of  the  degree  of  association  or  correlation  between  yield  and  stand  com- 
position and  a  method,  if  such  correlations  were  found  to  exist,  of  predicting  the 
size  of  such  deviations,  thus  permitting  proper  adjustment  of  yield-table  values 
on  the  basis  of  stand  composition. ^ 

From  this  correlation  study  it  can  be  stated  that  stand  composition  does  have 
a  definite  though  ill-defined  efTect  upon  timber  yield.  While  no  definite  division 
can  be  made,  it  is  generally  true  that,  on  an  average,  tracts  of  pure  white  pine  or 
stands  -Rath  large  amounts  of  white  fir  and,  to  a  lesser  extent,  Douglas  fir  tend  to 
overrun  the  average  or  tabular  volumes,  while  stands  containing  large  amounts 
of  hemlock  and,  to  a  lesser  extent,  larch  and  cedar  tend  to  run  somewhat  lower 
in  volume  than  the  average.  These  tendencies,  however,  are  weak  and  relatively 
ill  defined,  as  indicated  by  the  small  size  of  the  correlation  indices,  which  are 
0.27±0.06  for  the  board-foot-stand  composition  and  0.41  ±0.05  for  the  basal 
area-volume  stand  composition  relationships.  (Correlation  index  is  a  statistical 
measure  of  the  degree  to  which  two  variables — in  this  case,  yield  in  either  board 
feet  or  basal  area  and  stand  composition — tend  to  associate  or  change  together.) 
As  the  correlation  indices  show,  the  relation  between  basal-area  values,  and 
hence  probably  cubic-volume  yields  and  stand  composition,  is  somewhat  stronger 
than  the  relation  between  board-foot  volumes  and  composition.     Nevertheless, 

8  The  formula  used  was:  Volume  (actual  in  percentage  of  tabular  volume)  =stand  composition  by  basal 
area  (i.  e.,  sum  of  the  percentages  of  white  pine,  western  larch,  Douglas  fir,  lowland  white  fir,  western 
hemlock,  western  red  cedar,  and  miscellaneous) . 
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in  neither  case  is  the  correlation  strong  enough  to  permit  the  accurate  prediction, 
for  any  given  stand  composition,  of  the  corresponding  percentage  of  overrun  or 
underrun  from  tabular  values. 

Stand  composition  is  simply  one  of  a  number  of  factors,  though  one  peculiar 
to  mixed  stands,  causing  variation  in  yield  about  the  average.  As  over  90  per 
cent  of  the  total  variation  is  caused  by  factors  other  than  stand  composition,  the 
effect  of  this  factor  is  largely  obscured  bj^  other  variables  and  can,  for  most  prac- 
tical purposes,  be  ignored.  Indeed,  in  the  metliod  of  application  suggested,  call- 
ing for  a  cruise  of  the  stands  for  which  yields  are  to  be  predicted,  the  effect  of 
stand  composition  on  yield,  up  to  the  age  of  the  stands  sampled,  has  already  made 
its  influence  felt  and  is  properly  allowed  for  in  the  measured  basal-area  values. 
The  effect  of  stand  composition  on  future  growth,  however,  can  not  be  predicted 
accurately  on  the  basis  of  our  present  knowledge  and,  as  with  deviations  in 
degree  of  stocking,  must  be  ignored  in  making  future  predictions.  In  general 
it  should  be  noted  that  in  stands  containing  large  amounts  of  western  white  pine, 
w'hite  fir,  and  to  a  lesser  extent  Douglas  fir,  overstocking  as  commonly  defined  in 
terms  of  basal-area  values  may  be  at  least  partially  due  to  the  effect  of  stand 
composition  as  well  as  to  abnormal  density.  To  this  extent  such  stands  may 
always  remain  somewhat  higher  yielding  than  the  average  stands.  In  like  manner 
stands  containing  large  amounts  of  hemlock,  and  to  a  lesser  extent  larch  and 
cedar,  may  be  somewhat  lower  yielding  than  the  average,  partially  or  entirely 
because  of  the  effects  of  stand  composition  as  well  as  any  lack  of  adequate  num- 
bers of  trees  or  their  proper  distribution.  In  this  case  and  to  the  extent  to  which 
this  is  true,  no  progress  toward  normality  can  be  expected  and  such  stands  may 
always  remain  somewhat  lower  yielding  than  the  average. 

Under  the  method  of  application  suggested,  in  which  the  present  relation  of 
actual  stand  volumes  and  tabular  volumes  is  held  to  remain  the  same  at  the 
future  age  for  which  yield  predictions  are  desired,  stand  composition  will  tend  to 
result  in  somewliat  conservative  predictions  for  all  of  the  higher  yielding  combina- 
tions, such  as  white  pine-white  fir  mixtures,  and  will  not  result  in  any  appreciable 
error  for  stands  containing  large  quantities  of  hemlock  or  other  species  forming 
the  less  rapidly  growing  combinations.  In  some  cases,  w^hen  predictions  are 
made  in  the  suggested  manner,  stand  composition  will  tend  to  counterbalance 
the  tendency  of  stands  to  grow  toward  normality  and  thus  tend  to  result  in  more 
accurate  predictions,  though  in  understocked  stands  of  desirable  composition 
the  converse  will  be  true. 

COMPOSITION    AND    SITE    INDEX 

Not  only  do  certain  speciQs  and  combinations  of  species  seem  to  be  able  to 
utilize  a  given  site  more  efficiently  than  other  species  or  combinations,  and  hence 
produce  higher  yields,  but  in  addition  certain  species  and  mixtures  of  species 
seem  to  be,  on  the  whole,  higher  yielding  than  others  simply  because  the}-  tend 
to  occupy  the  better  sites.  This  is  illustrated  in  "the  case  of  pure  white  pine 
stands,  which  on  an  average  are  found  on  the  better,  higher-yielding  sites. 

As  a  knowledge  of  this  relation  would  be  of  considerable  interest  and  possibly 
of  value,  a  study  was  made  of  the  correlation  existing  between  site  and  stand 
composition.  If  stand  composition  is  expressed  in  terms  of  individual  species, 
the  nuiltiple  correlation  coeflScient  of  this  relation  is  0.35 ±  0.05.  This  coefficient, 
showing  a  weak  relation  l)etween  site  and  stand  composition,  would  undoubtedly 
be  materially  higher  if  curvilinear  relations  were  considered.  If  stand  conipusi- 
tion  is  expressed  in  percentage  of  white  pine  and  curvilinear  relations  are  measured, 
the  correlation  index  is  -|-0.66±0.03,  showing  a  fairly  definite  tendency  for  site 
index  to  increase  with  an  increase  in  percentage  of  white  pine.  This  coefficient, 
however,  must  be  regarded  with  some  suspicion,  as  its  size  largely  depends  on 
the  presence  of  plots  from  one  locality,  practically  all  of  whichare  over  SO  per 
cent  white  pine  and  on  very  good  quality  soils.  '  It  is  quite  possible  that  the 
actual  degree  of  relation  is  somewhat  cxag-gerated.  In  conclusion,  the  best  that 
can  be  said  at  this  time  is  that  certain  mixtures  do  tend  to  occur  on  better  (jr 
jjoorer  soils  than  the  average  and  hence  run  higher  or  lower  in  yield  than  the 
stand  of  average  composition. 

APPLICATION    METHODS 

As  has  been  stated,  tlie  application  of  normal-yield  tables  to  natural  stands 
rcf|uires  as  one  preliminary  step  the  determination  of  the  present  density  of  the 
stand  in  terms  of  normal  or  tabular  stocking.  Practical  considerations  necessi- 
tate that  stocking  be  measured  in  terms  of  some  easily  obtained  value,  such  as 
number  of  trees  or  basal  area,  and  that  this  measure  be  used  to  represent  degree 
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of  stocking  in  terms  of  more  important  values,  such  as  cubic  and  board  foot 
volumes.  Because  of  irregularities  in  tree  distribution,  tree  size,  and  composi- 
tion, a  stand  of  a  given  degree  of  normality  according  to  one  factor  may  not  be 
normal  to  the  same  degree  in  terms  of  some  other  stand  factor;  for  example,  a 
stand  80  per  cent  normal  by  basal  area  may  not  be  80  per  cent  normal  in  board- 
foot  contents.  Accordingly,  a  study  was  made  of  the  relation  existing  between 
various  stand  factors  as  measures  of  stocking  to  evaluate  their  use  in  application 
work. 

The  basic  data  for  these  studies  consisted  of  306  yield  plots,  only  35  of  which 
were  al:)ove  or  l:)elow  the  recognized  normal  limits  in  total  number  of  trees  and 
basal  area.  Normal  plots  proved  usable  in  this  work,  though  vmdoubtedly 
some  distortion  is  caused  by  the  fact  that  all  of  these  plots  had  practically  com- 
plete crown  canopies.  For  each  plot  the  actual  value  was  expressed  in  percent- 
age of  the  corresponding  tabular  value  interpolated  for  year  of  age  and  foot  of 
site  index.  The  deviation  of  actual  from  tabular  value  was  shown,  of  course,  in 
the  extent  to  which  this  percentage  varied  from  100  per  cent,  the  tabular  value. 
A  study  was  then  made,  by  means  of  the  correlation  technic  previously  men- 
tioned, of  the  manner  in  which  plot  variations  from  the  normal  in  any  one  item 
are  associated  with  variations  from  normal  in  some  other  plot  factor.  The 
correlation  coefficients  and  related  statistical  constants  derived  from  this  study 
are  given  in  Table  69.  As  previously  stated,  the  correlation  coefficient  is  a 
statistical  constant  showing  the  degree  of  the  relation  between  two  variables. 
Such  coefficients  are  held  to  be  reliable  if  more  than  three  times  the  size  of  their 
standard  deviation.  Some  relation  may  be  said  to  exist,  therefore,  between  each 
set  of  items  listed  in  Table  69  except  between  cubic  volume  and  number  of  trees. 

The  size  of  these  coefficients  is  an  indirect  measure  of  the  strength  of  the  rela- 
tion; and  the  closer  these  values  approach  1.0,  the  coefficient  representing  perfect 
correlation,  the  stronger  the  relation  involved.  Cubic  volume,  for  example,  may 
be  considered  closely  related  to  stand  basal  area,  and  a  change  in  basal  area  aljove 
or  below  normal  wiU  be  accompanied  on  an  average  by  a  corresponding  change 
in  cubic  volume.  The  correlation  coefficients  for  total  board  foot  volume  and 
number  of  trees  7  inches  in  diameter  and  larger  and  for  board  foot  volume 
and  number  of  trees  13  inches  in  diameter  and  larger,  respectively,  are  also  rela- 
tively high.  For  this  reason,  stand  basal  area  has  been  recommended  as  the 
most  accurate,  most  easily  obtained  item  to  be  used  as  a  measure  of  stand  nor- 
mality when  cubic-foot  volume  predictions  are  desired.  Number  of  trees  above 
a  given  merchantable  diameter  limit  is  probably  the  best  when  board-foot  volumes 
are  needed.  The  latter  criterion  is  a  particularly  attractive  one,  as  it  requires 
only  a  count  of  merchantable  trees  as  compared  to  a  tally  by  diameter  class  of 
the  entire  stand.  The  use  of  number  of  trees  above  a  certain  size  is  only  feasible, 
however,  in  stands  that  have  reached  merchantable  size,  and  in  addition  can 
only  be  recommended  for  short-time  predictions,  for  nothing  is  known  of  the 
possible  effect  on  this  measure  of  stand  progress  toward  normality.  Conse- 
quently, in  young  stands  or  for  long-time  predictions,  stand  basal  area  is  still 
recommended  as  the  most  reliable  gage  of  stocking  even  when  board-foot  pre- 
dictions are  desired.  Indeed,  when  the  curvilinear  trend  is  allowed  for,  the 
correlation  index  for  this  relationship  becomes  -|-0.79±0.02,  indicating  a  very 
real  relation  between  the  normality  of  the  stand  by  board  foot  volume  and  stand 
basal  area.  Some  further  study  is  necessary,  however,  before  the  exact  trend  of 
this  relation  can  be  accurately  defined.  Further  work,  in  fact,  is  desirable  with 
all  of  the  more  important  relationships,  and  this  work  must  be  done  with  a  series 
of  plots  covering  a  much  wider  range  of  stocking. 

Table  69. — Correlation  coefficients  for  various  important  stand  factors 


Between  normality  percentages  of — 


Cubic  volume— total  number  of  trees 

Cubic  volume — stand  basal  area 

Board  foot,  international  rule,  trees  7  inches  and  larger  and — 

Stand  basal  area 

Cubic  volume 

Average  tree  basal  area 

Number  of  trees,  7  inches  and  larger..- 

Board  foot,  international  rule,  trees  13  inches  and  larger  and  number  of  trees  13  inches 
and  larger 


Standard 
deviation 
ofcorrela- 
tion  coef- 
ficient 


±0.06 
±.02 

±.06 
±.05 
±.04 
±.03 

±.02 
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STAND-TABLE  MATERIAL  AND  TECHNIC 

The  method  of  constructing  stand  tables  used  in  this  study  will  not  be  outlined 
in  detail  here,  since  this  has  already  been  done  elsewhere  bj'  Bruce  and  Reineke  (3) . 
Briefly,  this  method  utilizes  the  discovery  that  in  all  stands  of  the  same  average 
diameter  and  similar  species,  regardless  of  age  and  site,  tree  distribution  by  size 
follows  very  definite  and  recognizable  trends.  Occasionally  the  distribution  of 
tree  diameters  follows  the  Gaussian  curve  of  normal  frequency  distribution  (1) 
and  can  be  fairly  easily  described  by  mathematical  means  or  plotted  in  straight- 
line  form  upon  normal-probability  paper.  More  frequently,  however,  tree  dis- 
tributions are  somewhat  skewed  and  fail  to  conform  to  this  normal  curve.  This 
was  found  true  in  western  white  pine  stands  in  which  the  curves  of  tree  distribu- 
tion failed  to  assume  straight-line  form  on  any  of  the  common  tj'pes  of  proba- 
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Figure  13. — Stand-table  chart  showinp  the  distribution  of  trees  by  diameter  class  in  fully  stocked  second- 
growth  western  white  pine  stands  of  average  composition 

bility  paper.  The  aliginncnt-chart  method  devised  by  Bruce  and  Reineke  is, 
however,  effective  in  many  cases  of  highly  skewed  types  of  distributions.  Indeed, 
this  method  is  so  flexible  that  it  proved  readily  i)ossil)le  to  exjircss  in  aligiuiient- 
chart  form  not  only  tlie  com{)lex  tree-diameter  distributions  for  mixed  western 
white  pine  stands  but  also  the  even  more  complex  distril)utions  of  stand  basal 
area  and  cubic-foot  volume.  Only  in  the  expression  of  tlie  frequency  distribu- 
tion of  volumes  in  board  feet,  apj^arently  distorted  by  the  rigid  lower  diameter 
limit,  did  the  alignment-chart  metliod  jirove  inadequate.  It  jiroved  quite 
possible,  however,  to  exjircss  board-foot  distributions  in  a  somewhat  more  com- 
])lex  graphic  form. 

The  l)asic  data  in  all  of  this  work  consisted  of  the  normal-yield  plots  with  com- 
plete tree  tallies  to  and  including  tlic  1-inch  class.  Tiiesc  plots  were  grouped 
into  1-inch  classes  according  to  average  diameter  of  the  entire  stand,  and  for  each 
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of  these  groups  a  curve  was  prepared  showing  the  accumulative  percentage  of 
total  number  of  trees  above  successive  lower  diameter  limits.  This  series  of 
curves  was  in  turn  reduced  to  a  single  composite  or  graduating  curve  showing  the 
average  accumulative  percentage  of  total  number  of  trees  for  various  lower  diam- 
eter limits.  This  curve  was  then  anamorphosed  into  straight-line  form  and  used 
in  the  preparation  of  an  aligmiient  chart  (fig.  13),  showing  for  stands  of  various 
average  diameters  the  percentage  of  total  number  of  trees  above  various  lower 
diameter  limits. 

To  use  this  chart,  pass  a  straight  line  through  any  chosen  lower  diameter 
limit  on  the  left-hand  scale  and  the  average  diameter  of  the  entire  stand  (based 
on  average  tree  basal  area)  on  the  short-center  scale  and  read  the  percentage  of 
total  number  of  trees  above  the  chosen  diameter  limit  where  this  extended  straight 
line  crosses  the  right-hand  or  percentage  scale.  If,  for  example,  the  stand  aver- 
ages 12.2  inches  in  diameter  at  breast  height  (the  average  diameter  of  120-year- 
old  stands  on  good  sites  as  shown  in  the  yield  tables)  and  it  is  desired  to  know  the 
percentage  of  trees  in  and  above  the  13-inch  class,  pass  a  straight  line  through 
12.5,  the  lower  diameter  limit  of  the  13-inch  class  on  the  left-hand  scale,  and  12.2, 
the  average  diameter  of  the  entire  stand  on  the  center  scale,  and  read  40.0  per 
cent  on  the  right-hand  scale.  This  reading  is  illustrated  in  Figure  13.  To 
convert  this  percentage  reading  to  actual  number  of  trees,  multiply  it  by  the  total 
number  of  trees  in  the  stand,  in  this  case  390.  A  series  of  readings  at  successive 
diameter  limits,  each  reading  being  subtracted  in  turn  from  that  of  the  preceding 
value,  will  give  a  series  of  percentage  values  of  trees  in  each  individual  diameter 
class.  These  percentages  are,  of  course,  easily  converted  into  actual  number  of 
trees  by  multiplying  by  the  total  number  of  trees  in  the  stand. 

Similar  charts  were' prepared  in  the  same  manner  for  total  stand  basal  area 
and  total  cubic-foot  volume.  In  each  case  the  reliability  of  these  charts  has  been 
checked  graphically  against  its  basic  data  and  scale  adjustments  made,  until 
the  chart  conformed  very  closely  to  these  data  and  it  was  evident  that  any  fur- 
ther improvement  would  be  too  slight  to  warrant  the  labor  involved.  The 
reliabihty  of  these  charts  in  practical  application  as  affected  by  stocking  and  com- 
position has  already  been  discussed. 

VOLUME-TABLE  MATERIAL  AND  TECHNIC 

BASIC  DATA 

The  basic  data  for  these  tables  consist  of  individual  tree  measurements  col- 
lected in  second-growth  stands  throughout  the  western  white  pine  type  by  a  large 
number  of  forest  officers.  The  field  methods  used  in  collecting  these  data  were  in 
the  main  those  outlined  in  the  standard  methods  (?).  The  office  computations 
for  western  white  pine  (except  the  actual  preparation  of  the  tables)  also  con- 
formed quite  closely  to  these  standard  instructions.  But  the  tree  measurements 
for  all  other  species  were  plotted  on  basal-area  paper  and  their  volumes  com- 
puted b\  the  methods  described  by  Reineke  {14)- 

METHOD    OF    CONSTRUCTION 

The  method  of  constructing  volume  tables  used  in  this  study  has  also  been 
outfined  elsewhere  {16).  Briefly,  it  consists  in  an  application  of  multiple  cur- 
vilinear correlation  i^rinciples  to  volume-table  construction.  Each  volume  table 
is  prepared  originally  in  alignment-chart  form.'^  The  method  employed  bases 
the  entire  table  on  a  few  curves  fitted  to  the  whole  of  the  basic  data.  As  a  result 
each  curve  is  strongly  defined,  and  the  resulting  chart  gives  the  best  approxima- 
tion of  individual-tree  volumes  from  known  heights  and  diameters  that  it  is 
possible  to  make  with  the  material  used.  In  addition,  w^hile  the  technic  is 
somewhat  difficult  to  master  at  first  sight  for  anyone  not  mathematically  trained, 
the  method  is  essentially  simple.  It  is  very  rapid;  the  basic  curves  are  often 
straight  or  approxmiately  straight  lines  and  hence  easily  fitted  with  the  least 
possible  demand  on  the  judgment  of  the  constructor.  The  alignment-chart  form 
in  which  the  tables  are  originally  built,  illustrated  for  the  white  pine  cubic-foot 
volume  table  in  Figure  14,  also' permits  rapid  interpolation  and  checking.  To 
read  this  chart,  pass  a  straight  line  between  the  tree  diameter  and  the  total 
height  and  read  the  cubic  contents  where  this  line  crosses  the  center  scale. 

7  In  each  case  the  ahgnment  chart  expresses  the  multiple  curvilinear  correlation  equation:  Tree  volume  = 
function  (tree  diameter  breast  high+tree  height). 
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Figure  14. — Alignmeut  chart  sliuwing  cubic-foot  volumes  for  western  white  pines  of  variou^> 

diameters  and  heights 
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TABULAR    CHECKS 

Table  70  shows  the  aggregate  and  average  deviations  for  the  30  volume  tables 
presented  in  this  bulletin.  The  aggregate  deviations  represent  the  difference 
between  the  sum  of  the  actual  volumes  of  the  trees  used  in  preparing  the  table 
and  the  sum  of  similar  volumes  read  from  the  table  for  trees  of  corresponding 
diameters  and  heights.  This  difference  is  expressed  in  percentage  of  the  tabular 
volumes.  These  deviations  never  exceed  1  per  cent,  and  about  two-thirds  of 
them  are  0.5  per  cent  or  under.  These  checks  are  considered  very  satisfactory. 
The  average  deviations  are  based  on  the  deviations  of  individual  tree  volumes 
from  the  corresponding  tabular  volume  interpolated  to  the  nearest  tenth  incn  of 
diameter  and  foot  of  height.  These  deviations  are  almost  all  relatively  small. 
The  total-height  tables,  both  cubic  foot  and  board  foot,  were  also  checked  by 
computing  and  plotting  tlie  board  foot-cubic  foot  ratios  and  introducing  such 
minor  changes  in  the  charts  as  were  necessary  to  produce  reasonable  trends  in 
these  data  when  over  plotted  diameter. 

Table  70. — Aggregate  and  average  deviations  for  second-growth  volume  tables 

AQQllEQATE   DEVIATIONS 


Species 


Western  white  pine 

Western  larch 

Western  hemlock... 
Lowland  white  fir.. 

Douglas  fir 

Western  red  cedar.. 


Cubic 


Total 
height 


Per  cent 
±0.50 
-.60 
4-.  31 
+.02 
-.60 
-.05 


Type  of  table 


Scribner 


Total 
height 


Per  cent 
-(-0.44 
+.70 
-.23 
-.18 
+.70 
±1.0 


Merchant- 
able height 


Per  cent 
-0.13 
-.25 
-.06 
-.14 
-1.00 
+.35 


International 


Total 
height 


Per  cent 
-0.25 
-.39 
-.4-1 
-.59 
±.50 
±1.0 


Merchant- 
able height 


Per  cent 
+0.11 
+.23 
+.11 
+.72 
+.89 
+.17 


AVERAGE  DEVIATIONS 


Western  white  pine 

Western  larch 

Western  hemlock... 
Lowland  white  fir.. 

Douglas  fir 

Western  red  cedar.. 


±7.4 
±8.4 
±8.2 
±8.0 
±9.9 
±8.0 


±11.6 

±15.7 
±11.8 
±15.8 
±23.3 
±15.6 


±8.5 
±8.2 
±8.6 
±8.2 
±9.8 
±6.7 


±11.1 

±12.2 

±10.3 

±13.6 

±15.4 

±11.9 

±8.5 
±8.6 
±7.9 
±8.0 
±9.7 
±8.3 


One  interesting  point  brouglit  out  in  Table  70  is  that  the  average  deviations 
for  total-height  tables,  both  Scribner  and  international,  are  materially  higher  than 
the  average  deviations  for  the  corresponding  merchantable-height  tables.  This 
is  probably  due  to  inconsistencies  introduced  by  the  variability  of  top  length 
above  the  merchantable  upper  diameter  Umit,  a  factor  present  in  total-height  but 
eliminated  in  merchantable-height  tables.  Other  things  being  equal,  merehant- 
able-height  volume  tables  are,  therefore,  somewhat  more  accurate  than  corre- 
sponding total-height  tables. 

Another  peculiarity  of  total-height  tables  is  that  they  show  seemingly  ridicu- 
lously low  values  for  trees  of  small  dimensions.  The  explanation  is,  of  course, 
that  these  tables  are  built  to  show  average  merchantable  contents.  The  smaller 
diameter  classes  often  include  trees  that  do  not  contain  a  16-foot  log  and  are 
unmerchantable  by  the  standards  adopted  in  this  study.  The  tabular  value  for 
these  smaller  classes,  therefore,  must  be  proportionately  low,  since  in  applying 
the  total-height  tables  the  tabular  value  will  be  multiplied  by  the  total  number  of 
trees  tallied  in  each  diameter  class  regardless  of  whether  or  not  all  such  trees  are 
merchantable. 
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TABULAR    LIMITATIONS    AND    APPLICABILITY 

Some  limitations  of  these  tables  should  be  emphasized.  (1)  They  are  directly 
api)licable  only  to  trees  growing  in  second-growth  western  white  pine  stands. 
(2)  The  tables  for  lowland  white  fir  and  western  hemlock  are  rather  weak  as  to 
tree  basis  and  the  basic  data  are  somewhat  localized.  These  tables  should  be 
replaced  when  additional  tree  measurements  drawn  from  a  wider  range  of  localities 
become  available.  Within  these  limitations,  however,  except  for  such  minor 
changes  as  are  found  necessarj^  in  specific  cases  of  local  application,  these  tables 
are  considered  applicable  regardless  of  such  factors  as  site  and  general  locality, 
and  stand  composition,  density,  and  age.  A  thorough  mathematical  study  along 
multiple  correlation  lines  indicates  that  these  factors  do  influence  tree  form  and 
hence  tree  volume  to  some  extent.  But  this  influence  is  relatively  weak,  and  the 
studies  indicated  that  a  volume  table  based  on  diameter  and  height  alone  would 
be  sufficiently  accurate  for  all  practical  purposes. 

To  check  the  applicability  of  the  volume  tables  in  any  particular  locality: 
(1)  Fell  and  scale  a  number  of  trees  of  various  sizes  well  distributed  over  repre- 
sentative areas.  Twenty-five  or  thirty  trees  should  be  the  minimum  number 
measured  for  each  check.  (2)  Compare  the  gross  scale  of  each  tree  measured 
with  the  tabular  volume  for  a  tree  of  the  same  dunensions,  and  express  the 
difference  between  these  values  as  a  percentage  of  tabular  value.  The  sum  of 
these  percentage  deviations  (disregarding  sign)  divided  by  the  total  number  of 
trees  measured  is  termed  the  average  deviation.  (3)  Compare  the  total  scale  for 
trees  measured  with  the  total  scale  for  trees  of  similar  sizes  as  read  from  the 
volume  tables.  The  difference  between  these  sums,  expressed  as  a  percentage  of 
the  total  actual  scale,  is  called  the  aggregate  difference.  (4)  If  the  average 
deviation  computed  is  of  about  the  same  magnitude  as  the  average  deviation 
shown  in  the  footnotes  of  the  table,  and  if  the  aggregate  deviation  computed  does 
not  exceed  two  and  a  half  times  the  computed  average  deviation  divided  by  the 
square  root  of  the  number  of  trees  measured,  then  the  table  may  be  applied 
without  adjustment.  If  the  variation  materially  exceeds  these  limits,  however, 
the  volume  tables  must  be  adjusted  for  local  use.  To  make  this  adjustment, 
average  the  percentage  relationship  between  check  trees  and  corresponding 
tabular  values  for  each  inch  class  rei)resented  in  the  check  trees,  and  plot  these 
values  over  diameter.  Draw  a  smooth  balanced  curve  through  these  percentages. 
If  the  relationships  are  not  uniform  for  trees  of  all  height  classes,  group  tall, 
medium,  and  short  trees  separately  and  prepare  a  curve  for  each  group.  These 
curve  readings  will  indicate  how  much  to  raise  or  lower  tabular  values  to  correct 
for  local  conditions,  and  a  table  so  prepared  should  be  accurate  for  local  use. 
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INTRODUCTION 


The  precipitous  drop  in  cotton  prices  from 


June,   1920,  to   11   cents  in  March,   1921, 


gave 


40  cents  a  pound  in 
an   impetus  to   the 


^  This  study  was  planned  and  initiated  in  cooperation  with  the  Division  of  Cooperative 
Marketing,  which  was  later  transferred  to  the  Federal  Farm  Board.  Two  of  the  case 
.studies  made  as  part  of  this  soneral  study  have  been  mimeographed  as  preliminary  reports. 
They  are  The  Texas  Cotton  Growers  Finance  Corporation,  and  An  Analysis  of  The  South 
Carolina  A.trricultural  Loan  Association.  Acknowledgment  of  assistance  is  made  to  the 
officers  of  the  corporations  who  contributed  liberally  of  their  time  ;  to  numerous  persons 
who  read  the  manuscript  critically,  and  particularly  to  Fred  L.  Garlock,  who  contributed 
much  to  the  analysis.  Credit  is  due  Mrs.  Martha  Marceron  Adams  and  Mrs.  I'auline 
Luxford  for  the  preparation  of  the  statistical  material. 
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in  some  areas  of  the  region  is  often  difficult  to  obtain,  even  at  high 
rates.  Crop  faihires  and  low  prices  for  cotton  have  cut  deeply  into 
the  lending  resources  of  banks  and  merchants.  Bank  failures  since 
1920  have  been  exceedingly  numerous,  resulting  in  a  loss  to  many 
farmers  of  their  only  available  source  of  cash  credit  at  the  same  time 
that  their  current  working  and  reserve  funds  were  lost.  Hence,  the 
new  financing  service  for  members  was  in  many  cases  a  real  attrac- 
tion, i)articularly  since  the  cost  of  funds  from  agricultural  credit 
corporations  was  often  less  than  the  cost  from  other  sources. 


Table  2. — Cost  on  a  pO'  anntmi  ir/.s/s  of  credit  in  Southern  States 


State 

Cash  credit 

Merchant  credit 

All 

Owner 

Tenant 

All 

Owner 

Tenant 

North  Carolina ' 

Per  cent 

7.  7 

9.6 

11.5 

8.7 

8.8 
10.0 

8.1 
11.4 

9.4 

Per  cent 
7.7 
8.8 
8.6 

8.7 

7.  7 

10.0 

Per  cent 

7.9 

10,5 

10.0 

8.7 
10.0 

Per  cent 
25.5 
31.0 
26.3 

17.7 

Per  cent 
27.7 
32.0 
27.1 

13.5 
20.0 
18.0 

Per  cent 
20  9 

South  Carolina  1 

30  4 

Georgia  '.._ 

26  0 

Arl£ansas: 

Craighead  Countv  ' .    ... 

18  9 

Altheimer  district 

41  5 

Kison  district 

20.0 

Loui.siana      

16.6 
34.8 
27.0 

Oklahoma  ' 

11.0 

11.0 

18.4 

38  5 

Texas.     

Note.— Data  are  averages  obtained  from  eight  separate  studies  made  by  the  sampling  method  between 
1927  and  1930.  Reports  of  these  studies  were  published  by  the  agricultural  experiment  stations  of  the 
various  States,  the  Bureau  of  Agricultural  Economics  cooperating  in  the  preparation  of  all  except  those  in 
Louisiana  and  Texas.  North  (^arolina  Bui.  No.  270,  South  Carolina  Bui.  No.  282,  (leorgia  Bui.  No.  153, 
Arkansas  Bui.  No.  233,  Arkansas  Bui.  No.  228,  Louisiana  Bui.  No.  208,  Oklahoma  Bui.  No.  198,  and 
Texas  Bui.  No.  351. 

'  Averages  weighted  according  to  the  size  of  the  loans. 

The  cotton  cooperative  associations  were  quick  to  take  advantage 
of  tlie  Federal  intermediate  credit  system.  By  1924,  4  credit  corpora- 
tions had  been  formed  and  were  lending  money  to  members  of  the 
affiliated  a.ssociations.  In  1925,  4  more  were  in  operation.  In  1926 
another  4  were  added  to  the  list;  in  1929,  1;  in  1930,  2,  and  in  1931, 
2.  Thus  a  total  of  17  credit  corporations  have  been  organized  al- 
though not  all  have  continued  operation  or  maintained  their  affilia- 
tion with  the  marketing  associations.  Their  location  and  their  sig- 
nificance as  represented  by  the  volume  of  loans  made  up  to  and 
including  19.30,  are  shown  in  Figure  1. 

Agricultural  ci-odit  corporations  affiliated  with  cotton  cooperative 
marketing  associations  classified  as  to  first  years  of  operation,  15)24- 
1931,  are  as  follows: 

1924 

North  Carolina  Agricultural  Credit  Corporation,  Raleign,  N.  C. 
Staple  ("otton  Discount  ("orporation,  (Jreeiiwood,  Miss. 
Agricultural  Credit  Corporation,  Oklnlionia  City,  ()l<lii. 
Te.xas  Cotton  Grower.s'  Finance  Corporation,  Dallas,  Tex. 

1925 

Grower.s'  Finance  Co.,  Atlanta,  Ga. 

Alabama  Farm  lUircau  Credit  Corjxjriilioii.  l\ront.L'oniery.  Ala. 
South  ('aroliiia  AKriciillural  Loan  Associat  i<Ni,  < '(ilumliia,  S.  C. 
Cotton  Association  Credit  Corporation,  Little  llocU,  Ark. 
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1026 

Tennessee  A.nricnltiiriil  Credit  Corporation,  Memphis,  Tenn. 
Louisiana  Agricultural  Credit  Corporation,  Slireveport,  La. 
Mississii)pi  Farm  I'.ureau  Agricultural  ('redit  Corporation,  Jackson,  Miss. 
Southwestern  Cottim  Credit  Corporation,  Phoenix,  Ariz. 

15)29 

California  Cotton  Growers'  Finance  Co.,  Delano,  Calif. 

ID.SO 

Alabama  Cotton  Credit  Co..  Montgomery,  Ala. 
Cotton  Credit  Corporation,  Memphis,  Tenn. 

1931 

Gi'owers  Agricultural  ('redit  Corporation,  Raleigh,  N.  C. 
Production  Credit  Corporation,  El  Paso,  Tex, 


Figure  1. — Agricultural  credit  corporations  orgauizetl  as  affiliates  of  cotton  coopera- 
tive marl<itiiig  associations  prior  to  19,31.  The  size  of  ttie  circles  indicates 
relativel.v  the  volume  of  prriduction  credit  extended  l)y  each  prior  to  1!)31 

CHARACTERISTICS  OF  ORGANIZATION 

The  agricultural  credit  corporations  that  have  been  formed  by 
tlie  cotton  cooperative  marketing  associations  as  a  rule  have  been 
organized  under  the  general  corporation  laws  of  the  States  in  which 
they  operated  and  have  been  subject  to  the  regulations  that  cover 
ordinary  commercial  corporations  rather  than  to  those  covering 
banking  institutions.  One  of  the  corporations  was  organized  under 
the  statutes  governing  cooperative  associations  in  the  State. 


CAPITAL-STOCK   FEATURES 


The  capital  structures  have  usually  been  simple,  the  customary 
practice  being  to  issue  only  one  type  of  stock.  In  two  cases,  a  few 
shares  of  special  no-par-value  stock  have  been  issued  in  addition  to 
the  regular  stock.     In  these  cases,  the  no-par-value  stock  had  the 
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entire  votin;^  power  and  was  held  by  the  directors  and  the  coopera- 
tive market in<j  oro;anizations  that  promoted  the  corporation.  Prior 
to  1930,  preferred  stock  had  been  issued  by  only  one  corporation; 
it  was  not  preferred  as  to  dividend  and  assets  as  is  customary  with 
preferred  stock  but  was  rather  a  special  stock  planned  for  ownership 
by  banks. 

The  par  value  of  stock  issued  by  these  corporations  has  varied. 
In  several  cases  it  has  been  $10  per  share,  and  in  others  it  has  been 
$25  and  $100.  Low  par-value  fiofures  have  generally  been  used  in 
order  to  make  it  possible  for  individuals  to  own  small  amounts  of 
the  stock. 

THE  STOCKHOLDERS 

In  general,  tne  ownership  of  stock  has  not  been  limited  to  any 
particular  group.  The  corporations  have  been  glad  to  sell  their  stock 
to  anyone  who  would  buy  it,  and  no  need  for  restrictions  has  been 
felt.  One  exception  is  that  of  a  corporation  which  limited  the 
ownership  to  members  of  the  cooperative  marketing  association  who 
were  actually  cotton  growers. 

Stockholders  may  be  classed  in  three  general  groups.  First,  the 
cotton  associations  themselves.  In  three  cases  the  cooperative  asso- 
ciation has  owned  all  the  stock  except  a  few  shares  held  by  tho 
directors  of  the  corporation.  In  nine  cases,  the  cooperative  associa- 
tion has  owned  only  a  part  of  the  stock  of  the  corporation,  but  that 
part  has  been  either  the  voting  stock  or  a  sufficient  amount  of  the 
common  stock  to  control  the  election  of  directors.  Hence,  12  of  the 
corjiorations  have  been  distinct  subsidiaries  of  the  cotton  coojjera- 
tives.  In  the  case  of  four  others,  the  cooperative  associations  have 
(jwned  no  stock  whatsoever  in  the  affiliated  credit  corporations. 

The  second  group  has  been  that  of  the  incorporators,  consisting 
usually  of  officers  and  directors  of  the  cotton  association  and  officers 
and  directors  of  the  corporation.  The  amount  of  stock  held  by  this 
group  has  often  been  only  nominal. 

The  third  and  most  important  group  of  stockholders  has  been  the 
borrowers.  Most  of  the  corporations  have  required  their  borrowers 
to  purchase  stock,  in  an  amount  usually  equal  to  10  per  cent  of  the 
loan.  This  pi-ovision  lias  onal)led  the  corporations  to  increase  their 
cajjital  as  their  volume  of  business  grow.  In  one  corporation,  the 
stockholders  were  all  members  of  the  cotton  association.  They 
invested  no  cash,  but  the  cotton  association  advanced  the  funds  and 
chai-ged  the  amount  suljsci-ibed  by  each  member  against  his  equity 
ill  the  association's  lesei'ves. 

CONTROL  AND  MANAGEMENT 

In  all  corporations  except  one  the  privilege  of  voting  has  been, 
allotted  among  the  holders  of  voting  stock  in  proportion  to  the 
number-  of  shares  held.  In  the  case  of  the  exce])tion  each  m(Mul)ei-  has 
had  one  vote  regardless  of  the  number  of  shares  owned.  The  luau- 
agenients  of  the  cotton  associations  as  a  rule  have  experienced  no 
didiculty  in  maintaining  control  as  little  interest  is  taken  by  stock- 
Ixiidcrs    in    thcii'  X'oting   I'i'dits.     Furthciuiore,    (he    stock'    has   l)een 
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widely  scattered  in  small  lots,  and  the  managements  have  found  that 
by  askinfif  for  proxies  they  can  readily  control  the  affairs  of  the 
corporations. 

As  a  rule,  the  directors  of  the  finance  corporations  have  consisted 
of  all  or  a  part  of  the  directors  of  the  cotton  associations.  They  have 
not  usually  taken  an  active  part  but  have  left  most  of  the  decisions  to 
the  officials. 

Officers  of  a  credit  corporation  have  generally  been  a  president, 
vice  president,  secretary,  and  treasurer,  elected  by  the  directors  from 
their  own  group,  and  a  manager  who  was  appointed.  Active  affairs 
of  the  corporation  have  usually  been  handled  by  the  manager  under 
some  supervision  from  the  president,  who  almost  invariably  has 
been  the  president  also  of  the  cotton  association. 

In  only  one  corporation  have  specific  restrictions  been  placed  on 
loans  for  farming  purposes  to  directors  and  officers.  In  that  instance, 
the  directors  and  officers  are  permitted  to  obtain  loans  only  if  they 
pledge  marketable  securities  or  other  investments  in  excess  of  the 
amount  of  the  loan. 

RELATIONSHIP   BETWEEN   THE   CORPORATIONS  AND   THE   COTTON   ASSOCIATIONS 

The  relationship  between  the  cotton  associations  and  the  credit 
corporations,  although  not  always  that  of  parent  and  subsidiary,  has 
in  most  cases  been  very  close.  The  two  organizations  have  usually 
been  under  the  same  management,  working  toward  one  goal.  They 
have  often  been  located  in  the  same  building  and  sometimes  in  the 
same  office.  In  some  instances,  the  employees  of  the  association  have 
done  the  work  of  the  corporation  also,  and  in  one  case  the  association 
has  paid  all  the  expenses.  In  all  cases  loans  have  been  collected 
through  the  association  out  of  amounts  due  the  members  for  their 
cotton.  The  two  organizations  have  in  some  cases  loaned  money  to 
one  another,  the  association  lending  to  the  corporation  in  the  spring 
when  loans  are  being  rapidly  advanced  and  borrowing  in  the  fall  the 
inactive  capital  funds  of  the  corporation. 

Regardless  of  how  close  the  relationship  and  regardless  of  the  fact 
that  to  outsiders  and  to  members  they  have  appeared  as  one  and  the 
same  organization,  they  have  been  in  the  eyes  of  the  law  two  separate 
and  distinct  entities,  and  neither  has  been  responsible  for  the  debts 
of  the  other. 

A  rather  loose  relationship  existed  in  the  case  of  the  first  North 
Carolina  and  the  South  Carolina  corporations.  The  cotton  associa- 
tions owned  no  stock  of  the  finance  corporations,  and  commercial 
banks  as  well  as  the  associations  were  instrumental  in  organizing  the 
corporations.  The  credit  corporations  served  not  only  members  of 
the  State  cotton  cooperative  associations,  but  also  members  of  the 
Tri-State  Tobacco  Association  and,  in  later  years,  farmers  who  were 
members  of  no  association.  In  both  of  these  cases,  the  only  relation- 
ship that  existed  between  the  management  of  the  corporation  and 
the  cotton  association  was  that  some  directors  of  the  cotton  associa- 
tion were  also  on  the  board  of  directors  of  the  corporation.  The  two 
organizations  were  not  located  in  the  same  offices,  nor  was  the  admin- 
istrative work  done  by  the  same  staff.  At  present  both  credit  cor- 
porations are  entirely  independent  of  the  cotton  associations. 
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TYPES  OF  LOANS 

Most  of  the  a<jjriciiltural  credit  corporations  that  have  been  men- 
tioned were  orjj^anized  by  the  cotton  cooperative  associations  pri- 
maril}'  for  making  production  h)ans  on  cotton.  A  number  of  other 
kinds  of  loans  have  been  made  also,  some  of  them  to  aid  the  cotton 
cooperative  associations  as  such  and  others  chiefly  to  aid  the  members 
of  the  associations. 

PRODUCTION  CREDIT  LOANS 

Advances  for  production  include  by  far  the  largest  part  of  the 
loans  made  by  these  corporations  and  constitute  the  primary  feature 
with  which  this  study  deals. 

A  crop-production  loan  is  one  made  to  finance  the  growing  of  a 
particular  crop,  or  all  of  the  crops,  of  a  particular  farm.  It  is  usually 
secured  by  a  lien  on  the  crops  and  often  with  such  additional  security 
as  is  available.  Loans  made  by  these  credit  corporations  have  been 
largely  for  growing  cotton,  but  some  corporations  have  made  loans 
for  the  production  of  tobacco  and  peanuts,  and  even  for  dairy  prod- 
ucts. Loans,  although  made  on  the  basis  of  cash  crops,  are  used  for 
the  production  of  feed  and  food  crops  as  well.  Funds  obtained  by 
rediscounting  loans  with  the  Federal  intermediate  credit  banks  must 
by  law  be  used  only  for  agricultural  purj^oses.  Furthermore,  it  is  the 
custom  to  require  that  the  money  loaned  be  put  into  the  production 
of  a  crop.  Production  purposes  are  generally  construed  to  include 
purchase  of  fertilizer,  seed,  and  feed,  advances  to  tenants  for  living 
expenses,  and  a  small  advance  for  the  necessary  living  expenses  of  the 
borrower.  In  some  cases,  borrowers  are  permitted  to  use  the  funds 
for  the  purchase  of  livestock  and  implements  and  for  drainage  w^ork. 

The  distinction  between  production  loans  and  other  types  of  loans 
is  not  always  clear  and  varies  in  individual  cases.  Loans  for  some 
of  the  purposes  enumerated  above  border  closely  on  consumption 
loans,  whereas  in  other  cases  they  border  on  loans  for  capital  invest- 
ment. 

Prochiction  loans  arc  subject  to  all  the  risks  of  the  crop,  in- 
cluding those  arising  from  inclement  weather,  floods,  boll-weevil 
and  other  insect  infestation,  and  shortage  of  labor.  In  addition, 
they  are  subject  to  the  risk  of  a  drop  in  the  price  of  the  products 
grown.  There  is  also  the  personal  risk;  the  borrower  may  not  know 
how  to  manage  his  farm,  he  may  not  be  industrious,  or  worst  of 
all,  he  may  even  be  dishonest. 

HARVEST  LOANS 

Two  of  tlie  corporations  have  been  making  additional  loans  to 
the  borrowers  at  picking  time  if  needed;  these  are  called  harvest 
loans.  One  of  them  lias  made  sucli  loans  in  the  form  of  an  addi- 
tional advance.  The  other  has  piM'initted  tlie  borrower  to  keep 
a  part  of  the  early  proceeds  from  the  Hciuidation  of  his  crop  instead 
of  rcfjuiring  that  all  such  proceeds  be  applied  innncdiately  to  the 
repayment  of  the  production  loan.  In  one  case,  the  corporation 
at  the  time  of  tliis  study  was  liiniting  the  loans  of  sucli  character 
to  IT)  per  cent  of  the  estimated  value  of  the  crop.  The  other  corpo- 
lation  customarily  allowed  $15  a  bale  on  all  cotton  delivered, 
although  the  amounts  varied  from  $5  to  $25. 


AGRICULTURAL   CREDIT    CORPORATIONS  9 

LOANS  TO   OBTAIN   DELIVERY  AT   PICKING   TIME 

Several  of  the  cor])orations  have  been  making  loans  at  picking 
time  to  association  members  who  could  not  deliver  their  cotton  be- 
cause of  objections  by  creditors  holding  mortgages  on  the  crop.  The 
Arkansas  corporation  handled  oidy  this  type  of  loan.  The  corpo- 
ration paid  off  the  loan  and  took  over  the  mortgage. 

As  these  loans  are  of  short  duration,  and  as  a  number  of  the 
hazards  of  the  crop  have  been  successfully  passed,  the  risk  is  not  so 
great  as  on  production  loans.  Nevertheless,  the  few  weeks  or  months 
during  which  the  loan  is  outstanding  cover  a  critical  period.  The 
borrower  may  sell  all  or  part  of  the  cotton  and  thus  jeopardize  the 
security  of  the  loan;  the  cotton  is  open  so  that  wet  w-eather  may 
seriously  reduce  its  quality  and  value.  Then,  too,  the  cost  of  making 
these  short  loans  is  little  if  any  less  than  the  cost  of  loans  for  longer 
periods,  and  the  small  amount  of  interest  collected  on  the  loan 
during  its  short  term  hardly  justifies  the  risk  and  expense  involved. 
To  the  cotton  association,  however,  the  delivery  of  a  bale  of  cotton 
obtained  by  such  a  loan  is  just  as  satisfactory  as  the  delivery  of  a 
bale  obtained  through  a  production  loan. 

SUPPLEMENTARY   LOANS   ON  POOLED   COTTON 

Loans  on  delivered  cotton,  supplementary  to  the  advances  made 
by  the  associations,  have  been  made  by  two  of  the  corporations. 
The  advance  of  60  to  65  per  cent  of  the  value  of  the  cotton  when 
placed  in  the  seasonal  pools  was  as  much  as  the  cooperative  associa- 
tions could  borrow  from  the  banks  by  pledging  the  cotton  as  col- 
lateral. It  was  felt  that  if  this  advance  could  be  increased,  member- 
ship in  the  cooperative  would  become  more  attractive.  As  a  matter 
of  fact,  some  members  needed  an  amount  larger  than  65  per  cent 
of  the  value  of  the  crop  to  enable  them  to  pay  off  the  loan  on  the 
crop  and  to  obtain  a  release  of  the  mortgages  in  order  that  the  cot- 
ton could  be  delivered  to  the  association. 

Officers  of  these  associations  felt  that  a  larger  advance  could  be 
made  safely;  they  used  the  affiliated  credit  corporations  for  this 
jiurpose.  These  supplementary  loans  were  secured  by  assignments 
against  the  proceeds  from  the  equities  of  borrowers  in  cotton  that 
had  been  delivered  to  the  association. 

The  amount  of  the  loans  was  determined  by  various  factors. 
Needs  of  the  borrower,  his  character,  and  his  reputation,  were  con- 
sidered. Although  the  element  of  character  might  be  largely  disre- 
garded in  the  association's  advance  of  65  per  cent  of  the  value  of 
the  cotton,  that  element  could  not  well  be  disregarded  when  increas- 
ing the  advance  to  perhaps  80  per  cent  through  a  supplementary 
loan. 

Other  factors  determining  the  size  of  the  loans  were  the  quality 
of  the  applicant's  cotton,  and  the  price  of  cotton.  The  associa- 
tion's original  advance  was  made  uniformly  on  all  cotton  but  before 
the  supplementary  loans  were  made,  the  cotton  was  classed  as  to 
grade  and  staple.  If  the  grade  and  staple  of  the  applicant's  cotton 
were  above  the  average,  the  excess  value  of  such  cotton  was  reflected 
in  the  size  of  the  supi)lementary  loan  granted.  If  there  had  been 
a  marked  change  in  the  price  of  cotton  between  the  time  of  the 
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original  advance  and  the  time  of  application  for  a  supplemental 
loan,  that  fact  would  affect  the  size  of  the  loan. 

The  experience  with  loans  of  this  type  was  not  so  bad  as  might 
be  expected.  Falling  prices  during  the  marketing  seasons  for 
1926  and  1928  cotton  made  it  necessary  in  many  cases  to  call  for 
payment  of  the  note  or  pledging  of  additional  collateral.  Losses, 
however,  were  small,  and  in  the  case  of  one  of  the  corporations  they 
were  taken  over  by  the  cooperative  marketing  association. 

Loans  of  this  type,  like  those  made  to  obtain  delivery  at  picking 
time,  have  not  been  rediscountable  with  the  Federal  intermediate 
credit  banks.  Usually  they  were  made  out  of  the  capital  funds 
of  the  corporation  or  out  of  funds  obtained  by  loans  from  the  cotton 
associations  or  other  sources.  The  granting  of  supplementary  loans 
on  pooled  cotton  to  the  cooperatives  by  the  Federal  Farm  Board  dur- 
ing 1929  and  1930  have  made  such  loans  by  the  affiliated  credit 
corporations  unnecessary. 

MISCELLANEOUS  TYPES  OF   LOANS 

Two  of  the  credit  corporations  have  made  some  loans  on  dairy 
cattle.  The  usual  amount  of  the  loans  has  been  50  per  cent  of  the 
value  of  the  stock.  Loans  have  been  made  only  if  there  has  been  a 
satisfactory  market  for  the  products.  These  loans  have  been  repaid 
in  monthly  installments  and  hence  have  involved  more  work,  par- 
ticularly if  the  borrower  has  been  lax  about  making  payments 
promptly  each  month.  Although  the  margin  of  interest  that  the 
corporation  has  earned  on  such  loans  has  been  one-half  of  1  per  cent 
larger  than  on  crop  loans,  the  business  has  not  been  profitable  be- 
cause of  the  heavy  expense.  At  the  time  these  data  were  being 
gathered  it  did  not  appear  likely  that  the  practice  of  making  dairy- 
cattle  loans  would  be  greatly  extended  as  the  credit  corporations 
were  operated  by  the  cotton-marketing  associations  and  had  little 
interest  in  dairying.  Extremely  low  prices  for  cotton  since  that 
time,  however,  have  led  to  a  strong  movement  for  reduction  in  cotton 
acreage,  and  the  cotton  associations  may  possibly  approve  or  even 
encourage  loans  for  the  production  of  commodities  other  than 
cotton. 

A  few  miscellaneous  loans  have  been  made  by  the  various  corpora- 
tions, such  as  loans  on  eggs  in  storage,  loans  to  fertilizer  companies 
as  advances  for  delivery  of  fertilizer,  and  loans  to  other  credit  cor- 
porations. Even  farmers'  notes  for  purchase  of  windmills  have  been 
rediscoiinted.  Most  of  these  miscellaneous  loans  have  been  made  at 
the  instigation  of  the  parent  association.  In  these  cases  the  asso- 
ciation has  used  the  finance  corpoi-ation  as  a  convenient  lending 
medium  and  would  have  made  good  any  losses. 

Loans  have  been  made  by  a  few  cor])()rations  to  employees  and 
officers  of  the  corporation  and  the  cotton  associations.  Such  loans 
are  not  generally  looked  upon  with  favor  unless  they  represent 
advances  for  traveling  exj)enses  or  other  business  pur])oses. 

In  several  cor[)()i'al  ions,  surplus  funds  have  been  loaned  during  the 
fall  and  winter  to  the  cotton  association.  It  has  been  the  usual 
pi'actice  to  charge  intei-est  at  (he  rate  which  the  association  was  ]>ay- 
ing  elsewhere.     Some  corpoi'ations  have  made  the  loan  on  o})en  ac- 
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count;  others  have  taken  warehouse   receipts  from  the  association 
on  the  same  basis  as  a  bank  wouhl  lend  it  money. 

OPERATING  PRACTICES 

The  first  credit  corporations  that  were  formed  had  little  precedent 
or  experience  to  follow  in  determining  their  practices  and  policies. 
The  Federal  intermediate  credit  banks  also  were  new  organizations 
without  experience.  As  a  result  of  years  of  experience,  however,  a 
fairly  satisfactory  set  of  practices  is  now  established.  Considerable 
uniformity  is  to  be  found  among  the  corporations,  owing  partly  to 
the  influence  of  the  Federal  intermediate  credit  banks,  and  partly  to 
conferences  between  the  officers  of  the  credit  corporations  in  various 
States. 

PROCEDURE  IN  MAKING  LOANS 

The  first  step  in  the  procedure  of  making  a  loan  is  to  have  the 
farmer  make  application  in  writing.  The  application  gives  informa- 
tion relative  to  the  financial  condition,  farming  ability,  and  probable 
income  of  the  applicant.  A  form  used  by  one  of  the  corporations 
for  this  purpose  is  shown  in  Figure  2.  The  borrower  is  required 
also  to  present  a  financial  statement  showing  his  assets,  liabilities, 
and  net  worth.  He  must  show  both  actual  and  contingent  liabili- 
ties. Some  corporations  require  a  list  of  tenants  and  the  basis  on 
which  they  are  employed;  some  require  a  list  of  livestock,  with 
a  description  of  each,  animal ;  others  require  a  list  of  all  the  chattels. 

As  they  operate  usually  over  a  whole  State  it  is  necessary  for  the 
corporations  to  have  some  way  of  making  local  contacts.  The  as- 
sociation field  men  are  used  by  some  corporations,  whereas  others 
employ  field  men  of  their  own.  These  field  men  accept  applications, 
and  often  examine  the  farms  of  the  applicants  and  the  security  for 
the  loans.  Some  corporations  have  ajDpointed  persons  in  various 
cities  and  county  seats  to  take  applications  for  loans.  They  do  not  as 
a  rule  examine  the  farms  and  property  of  the  applicants,  but  they 
are  often  familiar  with  the  applicant's  credit  standing. 

One  organization,  the  Texas  Cotton  Growers  Finance  Corporation, 
has  found  it  desirable  in  some  counties  to  use  local  loan  committees, 
often  composed  of  the  county  agent,  one  or  two  farmers  of  good 
standing  who  are  members  of  the  cotton  association,  and  other  per- 
sons of  good  repute.  These  committees  accept  applications,  pass 
upon  loans,  and  recommend  or  refuse  them.  They  are  advisory  only 
and  assume  no  financial  responsibility.  They  work  for  practically  no 
compensation  except  the  satisfaction  of  rendering  a  semipublic  serv- 
ice. To  be  successful  a  committee  of  this  sort  must  be  made  up  of 
individuals  of  a  very  high  type. 

When  the  application  is  finally  received  at  the  corporation's  office, 
it  is  examined  and  passed  upon  by  the  manager,  (In  some  organi- 
zations, the  manager's  work  is  simplified  by  first  having  a  clerk 
examine  the  papers  as  to  completeness  and  accuracy,  and  in  some 
instances  there  is  a  loan  committee  to  which  the  manager  presents 
his  findings  and  which  ultimately  approves  or  disapproves  the  loan.) 
Almost  invariably,  if  the  loan  is  approved  by  the  corporation,  it 
must  be  approved  by  the  Federal  intermediate  credit  bank  for  redis- 
count before  it  can  be  granted,  for  the  corporations  have  little  money 
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APPLICATION  FOR  LOAN 

(IN  DUPLICATE) 


TO.... 


(Name  of  bank)  (Address)  (Date) 

1.  Application  is  hereby  made  {or  a  loan  for  $ the  proceeds  of  which  are  to  be  used  for  maVing  my  crop. 

2.  I  own  the  following  amount  of  stock  in  the  Staple  Cotton  Discount  CoiT>oration,  $ 

3.  Yields  of  Cotton  for  last  five  years  on  land  in  cultivation  this  year  are  as  follows 


Crops  fob  Last  5  Years 

Acres  in 

Cotton 

Number 

Bales  Ginned 

Value  of  Cotton 

19 CROP 

A. 

B/C. 

$ 

19 CROP 

A. 

B/C. 

$ 

19 CROP 

A. 

B/C. 

$ 

19 CROP 

A. 

B/C. 

$ 

19 CROP 

A. 

B/C. 

$ 

TOTAL 

$   - 

10.  Average  value  per  acre  $ 

11.  SO  per  cent  of  average  for  the  5  years.     (Divide  total  by   10)  $ 

12.  75  per  cent  of  smallest  crop  $ 

13.  Do  you  own  all  lands  io  cultivation  this  year; - 

14.  If  not,  amount  of  rent  to  be  waived:.- - - - - 

15.  Acres  in  Cultivation  this  year: Acres  in  cotton; Acres  in   feedstuffs; 

16.  Number  families  Last  Year „ This  Year: Average  work  hands  to  family: 

17.  Labor  employed  as  follows:  No.  Cash  renters....... No.  cotton  tenters: No.  Sharehands: _ 

18.  Number  white  tenants: How  many  families  do  you  supply: 

19.  Will  you  control  the  sale  of  all  cotton  covered  by  this  application : 

■  20.  How  many  head  o(  work  stock: Mules: Horses: 

21.  Where  did  you  obtain  funds  last  season  for  making  crop: 

22.  How  much  balance,  if  any,  do  you  owe  $ 

23.  I  hereby  agree,  in  the  event  the  notes  securing  this  loan  are  discounted  by  the  Staple  Conon  Discount  Corporation,  that: 

(a)  Said  corporation  shall  deduct  one  (1)  per  cent  of  the  total  loan  and  said  amount  shall  be  placed  in  the  Reserve 

for  Losses  account  of  the  9«id  corporation. 

(b)  All  cotton  produced  on  the  property  covered  by  this  application  will  be  promptly  ginned  and  delivered  to 

Staple  Cotton  Cooperative  Association. 

(c)  Reports  with  reference  to  the  condition  of  the  crop  and  the  harvesting  thereof  will  be  furnishtd  said  corpora- 

tion when  requested, 

(Signed)    


(Address) 


I,  an  officer  of  this  bank,  do  hereby  certify  that  1  am  familiar  with  the  affairs  of  the  farmer  or  other  individual  whose 
name  appears  on  this  application  for  a  loan  and  that,  to  the  best  of  my  knowledge,  the  above  is  a  true  statement;  and  that  I 
have  authority  by  order  of  the  Board  of  Directors  to  discount  the  paper  covering  the  above  application. 


(Bank)   ... 
(OlSccr) 


FiouRB  2. — Sample  form  of  application  used  liy  oiu'  of  the  corporations  iucluded 

In    tills    study 
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of  their  own  to  lend.  Hence,  the  papers  are  next  sent  to  the  Federal 
intermediate  credit  bank. 

If  the  loan  is  approved  by  the  bank  the  following  forms  are 
jorepared  in  the  office  of  the  corporation:  A  note;  a  mortgage,  lien, 
or  bill  of  sale  on  the  crop,  livestock,  and  implements;  an  assignment 
in  favor  of  the  corporation  of  cotton  to  be  delivered  to  the  associa- 
tion ;  and  papers  for  any  other  security  required.  These  papers  are 
sent  to  the  applicant  for  signature  and  for  recording  of  the  liens. 
The  ai:)p]icant  is  also  required  to  obtain,  from  some  county  officer 
or  an  attorney,  a  statement  showing  that  no  prior  liens  are  recorded 
against  the  crop  or  chattels.  Upon  return  of  these  papers  to  the 
corporation  office,  they  are  examined  carefully;  if  correct,  they  are 
sent  to  the  Federal  intermediate  credit  bank.  In  most  cases,  the 
corporations  find  it  necessary  to  await  the  remittance  from  that 
bank  before  advancing  the  funds  to  the  borrower. 

This  long  and  detailed  procedure,  involving  the  approval  of  the 
loan  by  a  local  representative  or  loan  committee,  then  by  the  manager 
of  the  corporation,  then  by  the  executive  committee,  and  finally  by 
the  Federal  intermediate  credit  bank,  requires  much  time.  The 
papers  usually  must  be  sent  through  the  mails  to  the  corporation's 
office,  from  there  to  the  Federal  intermediate  credit  bank,  back 
to  the  corporation,  then  to  the  borrower  for  signature  and  record- 
ing, then  back  again  to  the  corporation,  which  forwards  them  to  the 
bank.  The  remittance  is  then  sent  from  the  bank  to  the  corpora- 
tion, and  the  corporation  sends  it  to  the  farmer.  Thus,  eight  trips 
through  the  mail  are  required  before  the  farmer  gets  his  money. 

A  week  is  about  the  shortest  period  possible  for  these  operations 
under  the  most  favorable  circumstances;  from  two  to  three  weeks 
is  customary.  It  is  little  wonder  that  one  of  the  chief  complaints 
against  the  system  is  the  time  and  delay  involved.  In  fact,  the  length 
of  time  required  to  get  loans  from  the  agricultural  credit  corpora- 
tions, together  with  the  uncertainty  of  the  farmer  during  that  period 
as  to  his  source  of  funds  for  the  year,  is  one  of  the  reasons  why  more 
farmers  have  not  borrowed  from  the  corporations. 

The  Federal  Intermediate  Credit  Bank  of  Columbia  attempts 
to  meet  this  difficulty  by  requiring  that  applications  sent  to  the 
bank  include  all  papers  completed  and  ready  for  rediscount  w^ith 
the  mortgages  or  liens  recorded.  To  require  the  applicant  to  record 
a  mortgage  some  weeks  before  he  knows  whether  he  will  be  able 
to  get  the  loan  may  be  a  strict  requirement,  but  the  practice  helps 
him  to  get  his  money  sooner  than  would  otherwise  be  possible,  and 
if  the  loan  is  refused  the  mortgage  is  released. 

CONTROL  AND   FOLLOW-UP   OF  USE  OF  FUNDS 

To  be  assured  that  the  funds  loaned  will  be  put  into  the  crop, 
most  corporations  advance  some  of  their  loans  in  installments.  One 
organization  uses  the  monthly  installment  method  almost  exclu- 
sively. This  practice  prevents  the  borrower  from  spending  all  or  an 
undue  proportion  of  the  money  in  the  early  part  of  the  season.  Such 
indiscretion  is  likely  to  necessitate  the  granting  of  a  supplementary 
loan  to  save  the  crop,  with  the  result  that  the  total  of  the  loans 
on  the  crop  is  larger  than  was  originally  considered  justifiable. 
Another  advantage  of  advancing  the  funds  in  installments  rather 
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than  ill  a  lump  sum  is  that  the  mone}*  is  not  withdrawn  in  advance 
from  the  Federal  intermediate  credit  bank,  or  it  is  kept  in  a  large 
city  bank  where  there  is  little  danger  of  bank  failure.  Loss  of 
funds  by  the  borrower  through  failure  of  a  local  bank  often  means 
a  carry-over  or  a  loss  for  the  corporation  because  the  borrower  has 
to  have  another  loan  if  he  is  to  make  his  crop. 

Credit  corporations  find  it  necessary  to  watch  closely  the  grow^th 
of  the  borrower's  crop,  because  that  crop  frequently  is  the  most 
important  part  of  the  security.  As  many  as  two  or  three  visits 
during  the  summer  are  sometimes  made  to  observe  the  progress  of 
the  growing  crop,  the  character  of  the  cultivation,  and  the  danger 
from  boll-weevil  damage.  If  the  crop  is  in  danger  of  being  lost, 
it  is  often  necessary  to  grant  an  additional  loan  so  that  the  farmer 
can  hire  extra  labor  or  perhaps  put  more  money  into  control  of  the 
weevil  by  poisoning.  Sometimes  if  part  of  the  crop  is  lost,  the  sub- 
sequent monthly  advances  are  reduced.  Some  associations  operating 
over  w^ide  territories  have  found  it  impossible  to  visit  isolated  farms 
frequently  and  have  resorted  to  sending  interim  letters  to  the  iso- 
lated borrowers  asking  about  the  climatic  conditions,  the  condition 
of  the  crop,  and  the  prospects  for  yield. 

COLLECTION   OF  LOANS 

Loans  are  not  customarily  collected  in  cash,  but  are  retired  by 
having  the  borrower  deliver  his  cotton  to  the  marketing  associaticm. 
The  original  advance  and  the  following  distributions  on  that  cotton 
are  then  paid  by  the  association  to  the  finance  corporation  instead 
of  to  the  farmer  until  the  loan  is  completely  paid  off.  Consequently, 
it  is  very  important  that  the  field  staff  be  active  during  the  picking 
season,  and  in  some  cases  extra  field  men  are  added.  Field  men  visit 
the  borrower  at  this  time,  estimate  the  size  of  the  crop,  and  make  the 
borrower  understand  that  he  is  expected  to  deliver  all  of  the  crop  in 
payment  for  the  loan.  If  the  field  man  estimates  the  approximate 
yield,  any  unreliable  borrower  is  more  hesitant  to  sell  a  part  of  his 
crop  for  fear  he  will  be  found  out.  The  very  fact  that  the  corpora- 
tion field  men  are  actively  watching  the  crop  at  harvest  time  results 
in  a  much  better  collection  of  the  loans. 

LOAN  REQUIREMENTS 

In  order  to  make  safe  loans  it  is  necessary  that  certain  requirements 
and  standards  be  set.  It  is  also  necessary  tliat  those  standards  be 
rigorously  adhered  to.  The  stated  requirements  for  loans  by  these 
various  corporations  have  often  been  similar,  but  the  extent  to  which 
they  have  been  followed  out  in  practice  has  differed.  The  results  of 
differing  practices  are,  to  some  extent,  reflected  in  the  present 
financial  standing  of  these  companies. 

CONSIDERATIONS  IN   PASSING  UPON   LOANS 

The  first  consideration  in  passing  upon  a  loan  is  the  character  of 
the  ai)plicant.  If  an  individual  takes  advantage  of  every  oppor- 
tunity to  avoid  paying  a  debt,  it  is  considered  best  to  refuse  his 
ap])lication  witliout  fuither  consideration.  Elven  though  the  loan 
be  well  secured  »ui<l  tbe  papers  carefully  drawn,  a  loan  to  such  an 
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individual  is  a  source  of  trouble  and  expense.  A  problem  just  as 
difficult  is  to  exclude  those  applicants  who,  although  they  will  not 
absolutely  attempt  to  avoid  payment,  will  not  consider  the  debt  a 
binding  personal  obligation  and  will  let  the  corporation  shift  for 
itself  if  the  security  becomes  impaired  or  exhausted.  Other  personal 
characteristics  such  as  industry,  resourcefulness,  and  general  capa- 
bility are  also  considered. 

Since  the  loan  is  for  the  purpose  of  making  a  crop,  the  probable 
yield  and  value  of  that  crop  limit  its  size.  The  applicant's  knowledge 
of  farming  and  his  ability  to  produce  a  crop  must  be  weighed  along 
with  the  probable  prices  of  the  products,  so  as  to  determine  the 
probable  income.  To  eliminate  the  uncertainty  of  the  income  for  the 
year,  some  corporations  almost  invariably  recommend  diversification 
of  crops,  and  all  corporations  require  the  production  of  feed  crops. 
They  are  more  inclined  to  look  with  more  favor  on  the  applications 
of  those  farmers  who  have  sufficient  feed  of  their  own  to  take  care 
of  the  livestock  through  the  growing  season.  Of  course  safe  margins 
must  be  demanded  between  the  probable  income  from  the  crop  and  the 
amount  of  the  loan. 

The  borrower's  equity  in  his  farm  and  his  net  worth  are  important 
considerations.  For  instance,  an  applicant  showing  substantial  net 
worth  would  be  granted  a  larger  loan  on  a  given  expected  income 
than  would  an  applicant  with  less  wealth.  Of  late  years,  owing  to 
the  depressed  condition  of  cotton  prices  and  of  agriculture  in  general, 
there  has  been  a  tendency  to  limit  the  loans  to  amounts  that  could  be 
paid  by  liquidating  the  assets  of  the  borrower.  Some  believe  that 
this  practice  is  the  only  safe  basis  on  which  to  lend. 

Most  of  the  corporations  make  loans  to  tenants  who  own  the  live- 
stock and  equipment  on  the  farm  they  rent.  Some  corporations 
make  such  loans  only  if  the  landlord  endorses  the  paper.  In  other 
cases  the  landlord  is  expected  to  sign  a  waiver  of  the  rent;  in  one 
State  he  signs  a  waiver  of  all  other  debts  and  advances  except  rent. 
None  of  the  corporations  make  loans  to  share  croppers. 

REJECTIONS 

No  information  is  available  for  the  group  as  a  whole  as  to  the 
number  and  amount  of  rejections.  Many  loans  are  rejected  by  field 
men  and  other  representatives  before  a  written  application  is  ever 
prepared.  Statements  by  representatives  of  one  corporation  indi- 
cate that  as  man}^  as  9  out  of  10  persons  who  asked  for  loans 
were  refused  in  1930.  This  is  probably  much  higher  than  a  normal 
ratio  of  rejections  to  applications  and  greatly  exceeds  the  ratio  after 
formal  written  application  is  made.  Rejections  of  formal  applica- 
tions by  the  Texas  Cotton  Growers  Finance  Corporation  averaged 
40  per  cent  of  the  number  received  over  a  period  of  four  years.^ 

LIMITS  TO   SIZE  OF  LOANS 

Various  limits  and  standards  have  been  set  by  the  corporations  as 
to  the  size  of  loans  they  will  grant.  Fifteen  dollars  an  acre  on 
cotton  has  been  a  common  figure,  but  with  low  prices  for  cotton  the 

•''  See  the  followins  report  :  Rowe,  W.  II.  the  texas  cotton  growers  finance  cor- 
poration. A  PRELIMINAKY  KEPORT.  U.  S.  Dept.  Agr.,  BuF.  Agr.  Econ.  IRpt.]  38  p.  1931. 
[Mimeographed.] 
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basis  was  lower  in  1931,     The  following  standards  have  been  used 
at  various  times  by  some  of  the  cori)orations : 

Customary  amounts  (to  be  modified  if  conditions  warrant)  :  (1) 
$15  per  acre  on  cotton;  {-2)  $150  per  plow  *  on  cotton;  and  (8)  $40 
per  acre  on  tobacco. 

Maximum  limits:  (1)  50  per  cent  of  average  income  for  the  last 
five  years  or  75  per  cent  of  smallest  income  for  any  one  year,  which- 
ever is  the  smaller.  This  basis  is  adjusted  for  changes  in  acreage 
and  is  reduced  in  years  when  prospects  of  cotton  prices  are  poor. 
(2)  On  land  yielding  one  bale  per  acre,  $25  per  acre.  (3)  On  land 
yielding  one-fourth  bale  per  acre,  $5  ])er  acre.  (1)  An  amount  not 
to  exceed  a  conservative  estimate  of  the  value  of  livestock  and 
chattels.  (5)  Twenty  per  cent  of  the  unimpaired  capital  and  sur- 
plus of  the  corporation. 

SECURITY  FOR  LOANS 

Whenever  a  loan  is  made,  a  first  mortgage,  deed  of  trust,  or  bill 
of  sale  is  taken  on  all  the  crops.  This  gives  the  corporation  first 
claim  on  the  income  produced  by  the  funds  loaned  although  it  is 
custonniry  to  permit  the  borrower  to  sell  the  cottonseed  to  meet 
the  extra  expenses  of  the  picking  season.  In  the  case  of  carry-over 
loans,  if  the  corporation  does  not  finance  the  new  crop,  it  does  not  as 
a  rule  get  the  mortgage,  for  the  new  mortgage  is  given  to  the  party 
who  finances  the  new  crop. 

A  first  lien  is  also  required  on  the  livestock  and  implements  of 
the  borrower.  In  some  sections  where  the  livestock  and  implements 
owned  by  the  borrower  often  consist  of  little  more  than  a  mule,  a 
plow,  and  a  cultivator  per  tenant,  the  actual  value  of  this  security 
is  not  high.  In  the  fall  the  mule  may  sell  for  $25  or  $30,  wdiile  the 
implements  will  probably  sell  for  very  little.  If  the  loan  per  plow 
has  been  $150,  a  foreclosure  of  this  mortgage  will  not  usually  bring 
enough  to  complete  the  payment  of  the  loan.  Moreover,  foreclosure 
of  the  mortgage  would  put  the  farmer  out  of  business  and  in  most 
cases  destroy  all  chances  of  collecting  the  unpaid  balance.  It  is  the 
view  of  the  officers  of  one  of  the  Federal  intermediate  credit  banks 
that  the  mortgage  on  livestock  and  equipment  has  a  value  quite  aside 
from  its  foreclosure  value.  The  existence  of  this  mortgage  prevents 
the  boi-rower  who  deserts  his  crop  from  selling  or  taking  the  livestock 
and  e(iuipment  with  him.  Thus  the  corporation,  Avhich  stands  to 
benefit  by  every  cent  salvaged  ont  of  the  croj),  can  employ  labor 
to  cai'ry  the  crop  to  completion,  for  the  work  stock  and  tools  are  still 
at  hand. 

In  other  sections  the  livestock  and  implements  represent  a  larger 
part  of  tlie  wealth  of  tlie  borrowei's  and  are  moiv  important  as 
security.  One  of  tlie  cori)orations,  for  instance,  has  limited  its  loans 
to  a  ccmservative  estimate  of  the  value  of  livestock  and  implements. 
Sample  data  of  borrowers,  picked  from  the  records  of  five  corpora- 
tions, indicate  average  i-atios  between  tlie  size  of  loans  and  the  value 
of  the  livestock  and  implements  as  follows:  1.1)2,  0.3S,  1.11,  1.20,  and 
1.31.    Strange  as  it  may  seem,  the  corporations  with  the  liighest  and 

*  A  mail,  liis  family,  and  a  mule. 
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lowest  ratios  had  had  the  best  collection  records  at  the  time  the  data 
for  this  study  were  obtained,  althoiip;h  both  have  suffered  from  the 
effects  of  low  cotton  prices  and  drou<::ht  since  that  time. 

Mortgages  or  deeds  of  trust  are  often  taken  on  the  land,  but  these 
are  most  often  second  or  third  liens.  If  a  borrower  is  heavily  in- 
volved, the  corporation  usually  considers  it  desirable  to  fortify  its 
position  by  a  land  mortgage  as  well  as  a  mortgage  on  crop  and  chat- 
tels; this  prevents  other  creditors  from  getting  in  ahead.  If  a  bor- 
rower fails  to  pay  his  loan  in  any  year,  it  is  a  common  practice  to 
require  that  he  give  a  mortgage  on  the  land  if  he  has  any  equity  in 
it.  Samples  taken  for  two  of  the  corporations  over  various  periods 
indicate  that  40  and  CO  per  cent,  respectively,  of  the  current  loans 
were  secured  by  land  mortgages.  With  the  lower  prices  of  cotton 
during  recent  years  the  practice  of  demanding  mortgages  on  the  land 
is  more  prevalent. 

Most  of  the  corporations  require  the  borrower  to  pledge  the  stock 
of  the  corporation,  which  he  is  obliged  to  purchase,  as  security  for 
the  loan.  From  the  point  of  view  of  the  Federal  intermediate  credit 
bank,  the  practice  is  unnecessary  for,  since  the  corporation  indorses 
the  borrower's  note,  the  bank  has  recourse  to  it  and  should  the  cor- 
poration fail  so  that  it  could  not  pay  the  debt  itself,  its  stock  would 
be  worthless  as  security.  Pledging  the  stock  wdth  the  corporation, 
however,  has  distinct  advantages  to  both  the  corporation  and  its 
stockholders.  Borrowers  who  would  not  otherwise  pay  their  loans 
in  full,  will  sometimes  do  so  if  their  stock  is  pledged  so  that  they 
may  have  the  stock  free  to  sell  or  redeem. 

A  serious  injustice  might  be  done  if  the  stock  w^ere  not  pledged. 
Borrowers  who  do  not  pay  their  loans  and  who  by  such  actions 
might  cause  the  failure  of  a  corporation  would  be  entitled  to  share 
in  the  liquidation  of  the  remaining  assets  on  the  same  basis  as  other 
stockholders.  Hence  it  seems  very  desirable  from  the  standpoint  of 
the  corporation  and  its  stockholders  to  require  a  pledge  of  the  capital 
stock  owned  by  the  borrower,  even  though  the  Federal  intermediate 
credit  bank  does  not  insist  upon  it.  Some  agricultural  credit  cor- 
porations not  included  in  this  study  have  a  provision  recited  on  the 
stock  certificate  that  the  stock  w^ill  be  considered  security  for  any 
debt  of  the  stockholder  to  the  corporation. 

Other  security  is  taken  if  the  borrower  has  it  to  offer.  Sometimes 
bonds,  stocks,  or  other  investments  may  be  pledged;  sometimes 
mortgages  on  town  or  city  property  are  given.  Often  the  borrower 
is  required  to  assign  life-insurance  policies.  The  reserves  of  an 
insurance  policy  represented  by  its  cash-in  value  make  excellent 
.security,  and  the  policy  is  particularly  valuable  as  security  if  there  is 
more  than  the  average  probability  that  the  borrower  will  not  live 
throughout  the  season. 

The  borrower  is  expected  to  assign  to  the  corporation  his  equity  in 
all  cotton  he  may  deliver  to  the  association  out  of  the  crop  to  be 
financed.  This  assignment  gives  the  cooperative  marketing  associa- 
tion the  authority  to  pay  to  the  finance  corporation  the  original  ad- 
vance on  the  cotton  and  any  subsequent  distributions  until  the  loan 
is  satisfied.  If  in  the  spring,  when  the  farmer  applies  for  a  loan,  he 
has  any  equity  in  cotton  held  by  the  association  from  the  preceding 
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season,  lie  may  be  required  to  make  an  assignment  of  that  to  the 
finance  corporation  also. 

TERM  OF  THE  LOANS 

The  terms  of  the  loans  vary.  Until  an  amendment  was  made  to 
the  agricultural  credits  act  in  1930,  loans  could  not  be  rediscounted 
for  periods  shorter  than  six  months.  Some  corporations  make  most 
of  their  loans  for  a  definite  term  such  as  nine  months.  Others  fix  a 
customary  date  for  maturity  of  notes,  such  as  December  31.  A  com- 
mon practice  is  to  have  the  note  mature  at  picking  time.  Thus  the 
note  matures  and  payment  is  demanded  when  the  borrower  has 
cotton  or  funds  to  pay  the  note.  Furthermore,  in  case  the  cotton  is 
sold  rather  than  shijjped  to  the  association,  the  legal  action  for  non- 
i^ayment  of  the  note  is  easier  to  substantiate  than  is  action  for  dis- 
posal of  the  security. 

Although  the  term  of  the  loan  may  be  from  6  months  to  a  year 
the  usual  period  during  which  the  loans,  other  than  carry-over,  are 
outstanding  is  seldom  more  than  6  to  8  months.  An  average  taken 
of  the  length  of  all  loans  made  in  a  season  by  one  of  the  corporations 
indicated  that  it  was  6I/2  months  from  date  of  first  advance  in  the 
spring  to  date  of  final  payment  in  the  fall.  The  average  annual  earn- 
ing period  for  the  loans  of  four  corporations  has  been  7  months  or 
less.     (See  tabulation  on  p.  42.) 

LOAN  EXPERIENCE 

Experiences  of  these  corporations  in  their  lending  activities  have 
varied  widely.  Some  of  these  corporations  have  been  large  organiza- 
tions playing  an  important  part  in  the  financing  of  the  cotton  crop ; 
others  have  been  mere  experiments.  Some  have  dealt  in  large  loans ; 
others  in  small  ones.  Some  have  collected  practically  all  loans  each 
season,  thus  making  each  year's  operations  a  separate  enterprise; 
others  since  the  first  year  have  been  burdened  with  uncollectible 
loans.  Some  have  been  operating  continuously  since  they  were  or- 
ganized ;  others  have  operated  for  a  year  or  two  and  then  passed  out 
of  existence. 

VOLUME  OF  LOANS 

The  volume  of  business  done  by  these  agricultural  credit  corpora- 
tions is  important,  for  in  a  sense  it  measures  the  amount  of  service 
rendered.  Table  3  sliows  the  maxinnnn  amount  of  loans  outstanding 
each  year  for  11  corporations.  This  list  includes  all  corporations 
organized  prior  to  1931  by  cotton  cooperative  associations,  except  one 
which  ofjcrated  in  Arizona,  a  small  one  which  operated  for  two 
years  in  Oklahoma,  and  one  in  Arkansas  which  did  not  make  produc- 
tion loans. 
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Tabi.e  3. — Total  production  loans 


[neiv  and  carried  over)   for 
192/1-19^0 


II  corporations, 


Corporation 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

Total 

A  1 

Dollars 

Dollars 
99,703 
616, 926 

Dollars 
1,  539,  301 

1,  593,  475 
194,  231 
132,  083 

2,  160,  000 
2,  600,  000 

27,000 

Dollars 

636,  669 

1,  338,  354 

495,  444 

204,  704 

1,  421,  000 

965,  000 

76,  678 

35, 875 

Dollars 

760, 836 

2, 140,  544 

523,  691 

275,  005 

1,110,000 

695,  000 

350,  873 

50,000 

Dollars 

1, 089,  348 

3,060,811 

734,  429 

395,  364 

620,  000 

500,000 

840,  830 

75,  000 

10,  580 

(2) 

Dollars 
992,  880 
5,  520,  490 
668,  372 
'  471,000 
350,  000 
425,  000 
(2) 
(2) 
55,  385 

m 

270,000 

Dollars 
5,118.737 

B       

512, 927 

14,  783,  ,527 

c 

2,  616,  167 

D               

37, 978 
1,  380, 000 
2, 100, 000 

1,516,134 

E     

7,041.000 

F  1  

1, 130,  000 

8.  41.';,  000 

G 

1,295,381 

H  1 

160, 875 

I 

65, 965 

J               

48,000 

75,000 

(2) 

123, 000 

K 

270, 000 

Total- - 

1,  642, 927 

4,  234, 607 

8,  294, 090 

5,  248,  724 

5,  905,  949 

7,  326,  362 

8,  753,  127 

41,405,786 

'  Estimated. 


'  Either  liquidated  or  not  operating. 


The  volume  of  business  varied  greatly  among  the  corporations, 
the  smallest  yearly  volume  for  any  one  being  about  $10,000  and 
the  largest  being  about  $5,500,000.  Loans  reached  a  peak  of  $8,- 
000.000  in  1926  and  then  declined.  Of  late  years  the  volume  of 
loans  has  increased  again,  reaching  about  $8,700,000  in  1930,  but 
$5,500,000  of  this  was  loaned  by  one  organization.  In  the  seven 
years  since  the  first  two  corporations  were  organized  in  1924,  these 
corporations  have  loaned  about  $41,000,000. 

Whereas  Table  3  shows  total  loans,  carry-over  loans  included. 
Table  4  shows  only  the  amount  of  new  loans  made  each  j^ear.  In 
one  or  two  cases  the  carry-over  loans  of  a  corporation  represented 
more  than  half  of  all  loans  for  the  year.  Furthermore,  in  1927  the 
new  loans  for  all  corporations  were  only  72  per  cent  of  the  total 
loans.  This  was  the  result  of  a  rapid  expansion  of  activities  in 
1926,  followed  by  lower  prices  for  cotton  and  inability  to  liquidate 
the  loans.  The  relationship  between  the  new  loans  and  total  loans 
for  all  corporations  is  shown  also  in  Figure  3. 


Table  4. — New  productimi  loans  made   hij  It  corporations,  192/f--1930 


Corporation 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

Total 

A     

Dollars 

Dollars 
99,  703 
606,677 

Dollars 

1,  539,  301 

1,591,604 

194,231 

128, 382 

1,  877, 000 

2,  400, 000 

27,000 

Dollars 

586,  621 

1,  183,  262 

461,866 

218, 092 

468,000 

700,000 

68,985 

35,  875 

Dollars 
670,  472 
2,062,412 
495,  997 
316,212 
738,000 
400,  000 
344,  940 
42,000 

Dollars 

813,  736 

3, 027,  260 

691,  505 

367,  775 

129,000 

400.000 

731,  735 

72,500 

10,  580 

Dollars 
1  820,  238 
5,  498,  664 
299,417 
288, 020 
0 
(') 
{<) 
0) 
55,  385 

Dollars 
4,  530,  071 

B 

512,  927 

14,  482, 806 

C.     . 

2,  143,  016 

D 

37,  978 
1,  380,  000 
1,  650,  000 

1,  3.56,  459 

Es 

4,  592, 000 

F  2 

1,  130, 000 

6,  680,  000 

O 

1,  172,  660 

B.K 

150,  375 

I  .. 

65,  965 

J  2 

48,000 

75,000 

123,000 

K  2.    _ 

270,000 

270,000 

Total . . 

Percentage  of 
total  loans.  _ 

1,  642,  927 

Per  cent 
100.0 

3,  774,  358 

Per  cent 
89.  1 

7,805,518 

Per  cent 
94.1 

3,  797,  701 

Per  cent 
72.4 

5, 070, 033 

Per  cent 
85.8 

6,244,091 

Per  cent 

85.2 

7,231,724 

Per  cent 

5  86.8 

35,  566,  352 

Per  cent 
85.9 

1  To  Apr.  25. 
J  Estimated. 


'  Unknown, 
<  Not  operating. 


5  Corporation  F  not  used  in  calculation. 
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Services  rendered  by  these  corporations  should  be  measured  in 
terms  of  the  number  of  loans  made  as  well  as  the  amount  loaned. 
Data  are  available  only  for  five  cor})orations  and  only  for  the  new 
loans  of  those.  Table  5  shows  the  number  of  new  loans  made,  by 
years,  for  the  first  five  corporations  listed  in  Table  4.  One  of  the 
most  significant  features  in  the  table  is  the  progressive  growth  of 
number  of  loans  by  three  of  the  corporations,  whereas  the  other  two 


isa'f 


1925 


1926 


1927 


1928 


1929 


1930 


FIGURE  3.— Total  and  new  Production  Loans  of  Agricultural  Credit 
corporations  organized  by  cotton  cooperative  marketing 
associations 

Total  loans  rose  rapidly  within  three  years  to  more  than  $8,000,000  in  102G,  but 
declined  sharply  the  following  year.  Since  1927  there  has  been  a  gradual  in- 
crease until  loans  exceeded  $8,000,000  again  in  1930.  Since  1926  the  proportion 
of  the  loans  wliich  are  new  has  been  smaller. 

made  a  large  number  of  loans  in  192G  but  liad  to  retrench  there- 
after. In  1926  over  4,000  persons  were  provided  loans  by  these  five 
corporations. 

Table  5. — Number  of  neic  production  loams  made  by  five  corporations,  1924-1929 


Corporation 

1924 

1925 

1926 

1927 

1928 

1929 

Total 

A 

Number 

Number 
(') 
55 

Number 

1, 898 

109 

183 

80 

2,109 

Number 
570 
112 
335 
116 
688 

Nu  mber 
571 
152 
360 
144 
904 

Number 
619 
ISO 
372 
168 
302 

A^urjiber 
3,658 

B 

56 

664 

C 

1,250 

D 

28 
1,383 

536 

E 

5,386 

Total 

56 

1,466 

4,  379 

1,821 

2,  131 

1,  641 

11,494 

'  Data  not  available. 

Two  of  the  corporations  have  made  supplementary  loans  on 
pooled  cotton  to  members  of  the  afliliated  cotton  cooperative  market- 
ing associations.  To  inak'c  this  type  of  loan  was  the  ]iurj)ose  for 
wliicli  the  Texas  Cotton  (Jrowcrs  Finance  Corpoi'ation  was  organ- 
ized in  1924;  such  loans  constituted  its  only  lending  activity  until 
1920.  At  j)res('nt,  this  business  is  of  secondary  inipoi'taiice,  having 
been  rc|)lac('d  l)y  the  ])rodu('tion  credit  business.  'Fabk'  G  gives  tlie 
loans  oi"  this  type  for  two  corporations.      Tlie  year  1925  witnessed 
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the  largest  volume  of  such  loans,  the  total  that  year  being  about 

$700,000. 

Table  G.^ — Fupplcmentdr]/   loans   on   pooled   cotton,   made   by   tico   ayricultural 

credit  corporations,  192Jf-1929 


Year 

Corpora- 
tiou  A 

Corpora- 
tion C 

Total 

Year 

Corpora- 
tion A 

Corpora- 
tion C 

Total 

1924 

Dollars 

Dollars 

606,  223 

548,014 

GO,  954 

Dollars 
606, 223 
701,514 
98, 454 

1927          

Dollars 
48,  300 

123,  000 
47,  500 

Dollars 

478, 099 

125,  940 

16,915 

Dollars 
526, 399 

1925 

153,  500 
37,  500 

1928 

248, 940 

1926 

1929 

64,415 

Loans  of  other  types  have  been  made  by  several  of  the  corporations, 
but  the  amounts  have  been  neither  large  nor  particularly  significant. 

SIZE   OF  LOANS 

The  size  of  the  loans  made  by  an  organization  is  significant.  It 
is  indicative  of  the  type  of  business  that  the  corporation  handles 
and  of  the  general  character  of  the  borrowers  whom  the  corporation 
serves.  It  is  important  also  from  the  standpoint  of  profitable  opera- 
tion, for  the  interest  earned  on  loans  is  directly  i)roportional  to  the 
size,  yet  the  cost  of  making  and  servicing  loans  bears  little  relation 
to  the  size  and  is  usually  about  the  same  for  small  loans  as  large  ones. 
It  is  not  known  on  which  class,  if  any,  there  is  the  greater  chance  of 
loss,  but  it  is  obvious  that  failure  to  collect  a  large  loan  would  be 
more  likely  to  weaken  or  wreck  a  corporation  than  would  the  failure 
to  collect  a  small  loan. 

In  describing  the  size  of  loans  made  by  these  agricultural  credit 
corporations,  two  measures  have  been  used,  the  average  and  the 
median.  As  the  average  fails  to  represent  the  usual  size  of  loans 
because  it  is  unduly  affected  by  a  few  large  ones,  the  median  is  used 
here  also.  The  median  loan  is  that  one  with  regard  to  which  half 
of  the  loans  are  larger  and  half  are  smaller.  Table  7  shows  the 
average  and  median  size  of  loans  for  five  corporations.  Since  the  size 
of  loans  of  one  of  the  corporations  is  far  in  excess  of  any  of  the 
others,  it  is  segregated  from  the  rest. 

Table  7. — Average  and  median  sise  of  loans  for  five  corporations,  1924-1930 


Corporation 

1924 

1925 

1926 

1927 

Average 

Median 

Average 

Median 

Average 

Median 

Average 

Median 

A 

Dollars 

Dollars 

Dollars 

Dollars 

Dollars 

811 

1,061 

1,605 

890 

Dollars 
400 
500 
700 
500 

Dollars 

1, 029 

1,379 

1,880 

680 

Dollars 
400 

C 

465 

D 

1,356 

828 

800 
500 

971 

E 

379 

Average    

839 

876 

870 

B 

9,106 

5,800 

10, 949 

7,400 

14,  679 

10,000 

11,144 

6,000 

Average 

1,218 

1,213 

1,226 
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Table  7. — Average  and  median  size  of  loans  for  five  corporations,  192-'t-1930 — 

Continued 


Corporation 

1928 

1929 

1930 

Total 

Average 

Median 

Average 

Median 

Average 

Median 

Average 

Median 

A 

Dollars 

1,174 

1,378 

2,196 

816 

Dollars 

500 

500 

1,000 

434 

Dollars 
1,315 

1,859 

2,189 

605 

Dollars 

643 

650 

1,040 

330 

Dollars 
1,250 

Dollars 
650 

Dollars 

1,027 

1,475 

1,986 

776 

Dollars 

C 

D. 

1,880 

700 

E 

Average 

1,095 

1,127 

965 

1  494 

B 

13, 176 

8,000 

16,  515 

8,750 

13, 457 

Average 

1,887 

2,270 

1,531 

1  533 

» Approximate. 

The  median  size  of  loans  is  much  smaller  than  the  average.  This 
is  due  to  the  effect  on  the  average  of  a  relatively  few  very  large 
loans.  Median  figures  for  loans  are  not  readily  available  for  all 
corporations  by  years  or  for  all  years  by  corporations.  The  median 
sizes  of  the  loans  made  during  all  years  for  the  groups  of  five  corpo- 
rations are  estimated  from  frequency  distributions  shown  in  Table  8. 
The  calculated  medians  are  much  smaller  than  the  final  averages. 

Table   8. — Size   of   production    loans   made    by    five    agricultural   credit    cor- 
porations ' 


Number  of  loans 

Amount  loaned 

Size  group 

Number 

Per  cent 
of  total 

Cumu- 
lative 
percent- 
age 

Amount 

Per  cont 
of  total 

Cumu- 
lative 
percent- 
age 

Under  $100 

73 

2,983 

4,041 

3,492 

1,987 

1,200 

464 

252 

163 

Per  cent 

0.5 

20.4 

27.6 

23.8 

13.5 

8.2 

3.2 

1.7 

1.1 

Per  cent 
0.5 
20.9 
48.5 
72.3 
85.8 
94.0 
97.2 
98.9 
100.0 

Dollars 
4,371 
463,023 
1, 355, 443 
2, 253,  905 
2,521,812 
3,  449,  599 

2,  983,  229 

3,  270,  237 
6,  122,  908 

Per  cent 

Per  cent 

$100- $249 

2.1 

6.0 

10.1 
11.2 
15.4 
13.3 
14.6 
27.3 

2  1 

$2.'»-$499 

8  1 

$500- $999. 

18  2 

$I,(XX)-$1,999 

09  4 

$2,000-$4,999 

44  8 

$5,00O-$9,999 

5S  1 

$10,000-$19,999 

72  7 

$20,000  and  over 

100  0 

Total 

14,  655 

100.0 

222, 443,  237 

100.0 

'  Data  cover  the  whole  period  from  the  date  of  organization  of  each  to  time  each  study  was  made. 
'  This  total  includes  $18,710  not  classified  because  a  page  was  missing  from  the  records. 

To  facilitate  the  .study  of  size,  the  loans  are  grouped  into  frequonc}^ 
distributions.  A  distribution  of  the  loans  for  five  corporations 
covci-iiig  the  wlioh'  period  of  their  operation  is  found  in  both  Figure 
4  and  Tabh'  8.  The  size  gi-oiij)  witii  tlie  largest  uuinbei-  of  h)ims  is 
that  from  $250  to  $499,  whereas  the  group  with  the  hngcst  aiiiount 
loaned  is  that  of  $20,000  and  over.  The  large  amount  loaned  in  tlie 
last  group  is  a((iibii(al)le  mainly  to  one  corporation  which  makes 
loans  of  niMcli  larger  size  than  the  otiiers.  If  data  of  this  coi'poration 
were  exclnded  fiom  the  analysis  the  largest  gronp  according  to  the 
amount  loaned  would  be  the  one  from  $2,000  to  $4,J)iM>. 
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An  analysis  of  loans  of  $20,000  and  over  made  by  the  live  corpora- 
tions grouped  together  is  shown  in  Table  9. 

Table  9. — Distribution  hij  sise  ffroup.s  of  the  loanx  of  $20,000  an'J  over  made  by 

five  corporations  ' 


Size  group 


$20,000-$29,999 
$:!0,000-$:«),999. 
$40,000  $40,009 
,$50,000- $50,999 
$t;o,()0()-$(i9,999 
$7O,000-$79,999 


Number 


fi7 
43 
19 
19 
f) 
2 


Amount 


Dollars 
1,57.3,502 
1,  427,  633 
S03,  700 
994,  631 
368,  442 
145,000 


Size  group 


$80,000-$S9,999... 
$90, 000- $99,999.... 
$100,(X!(V$149,999. 
$150,000- $199,999. 

Total 


Number 


163 


Amount 


Dollars 


90,000 
566,  000 
154,000 


6, 122.  908 


'  Data  cover  the  whole  period  from  the  date  of  organization  of  each  to  the  time  each  study  was  made. 

The  wide  divergence  in  size  of  loans  immediately  attracts  atten- 
tion. Whereas  the  great  majority  of  the  loans  cluster  around  the 
$500  mark,  a  number  of  them  are  more  than  200  times  that  size. 
The  question  arises  to  what  extent  are  the  corporations  dependent 


NUMBER  OF  LOANS  IN  THOUSANDS 

I  2  3  A 


5  0 


AMOUNT  tN  MILLIONS  OF  DOLLARS 

I  2  3         it         5         6 


Size  groups  0 
in  dollars 

UNDER      100 

100-      2'.9 

250-      '.99 

500-      999 

1.000-    1.999 

2.000-    i»999 

SOOO-    9.999 

IQOOO-  11999 

20.000  AN  DOVER 


Figure   4.— Size  of   Production   Loans   Made  by  Five   agricultural 

Credit  Corporations 

The  largest  number  of  loans  Is  to  be  found  in  the  group  from  %'27)0  to  $499  ;  the 
largest  volume  of  loans  is  in  the  group  of  $20,000  and  over.  Although  very  few 
loans  in  excess  of  $20,000  were  made,  the  volume  of  business  provided  by  such 
loans  represented  a  substantial  part  of  the  total.  (Data  cover  the  whole  period 
from  the  organization  of  each  corporation  to  the  date  when  each  study  was  made.) 

on  the  income  from  the  large  loans  to  support  their  main  program 
of  making  smaller  loans?  It  also  raises  the  question  how  far  is  the 
corporation  endangered  by  making  loans  of  such  size? 

CARRY-OVER 

It  is  virtually  impossible  to  collect  all  loans  each  year.  Disaster 
resulting  from  flood,  hail,  drought,  excessive  rain,  or  boll-weevil  in- 
festation almost  invariably  claim  part  or  all  of  the  crop  of  some 
borrowers.  Unfortunately,  a  few  borrowers  will  usually  sell  some 
of  their  cotton  and  deliver  an  insufficient  amount  for  payment  on 
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their  debt.  Even  though  all  cotton  is  delivered,  low  prices  in  some 
years  will  mean  that  at  least  a  few  loans  will  remain  parti}'  unpaid. 

The  extent  to  which  a  corporaticm  can  collect  its  loans  each  year 
depends  upon  certain  factors  within  the  control  of  the  management 
and  certain  factors  not  within  its  control.  Those  within  its  control 
consist  of  the  selection  of  credit  risks,  the  relative  size  of  the  loans, 
the  supervision  of  the  growing  of  the  crops,  the  activities  of  the  field 
force  of  both  the  corporation  and  the  association  in  getting  the  cotton 
delivered,  and  the  success  of  the  management  of  the  cooperative  asso- 
ciation in  selling  at  good  prices.  Factors  not  within  their  control 
consist  of  the  general  condition  of  the  crop,  which  is  very  largely 
a  result  of  weather  conditions,  and  the  general  level  of  cotton  prices. 
Wide  variations  in  the  experience  of  the  different  corporations  have 
been  due  to  factors  both  within  and  outside  the  control  of  the 
management. 

The  term  "  carry-over,"  frequently  is  used  loosely.  It  may  be 
interpreted  to  mean  the  amount  of  a  season's  loans  unpaid  when 
lending  activities  for  the  next  season  are  begun  or  it  may  mean  the 
amount  of  a  season's  loans  that  must  be  paid  out  of  income  from 
the  crops  of  some  subsequent  season.  For  most  farmers  there  is 
but  little  difference,  but  for  the  farmer  who  is  a  member  of  a  cotton 
cooperative  there  is  considerable  difference.  Until  the  Federal  Farm 
Board  made  provision  for  supplementary  loans,  association  mem- 
bers ordinarily  received  only  about  two-thirds  of  the  value  of  their 
cotton  at  the  time  of  delivery.  Some  cooperative  associations  were 
able  to  pay  additional  amounts  throughout  the  marketing  season 
and  to  make  a  final  settlement  the  following  summer.  Other  associa- 
tions were  unable  to  make  final  settlements  at  the  end  of  each  market- 
ing year.  Many  borrowers,  although  not  able  to  pay  their  debt 
out  of  the  original  advance  of  two-thirds  of  the  value  of  their 
product  were  able  partly  or  entirely  to  liquidate  the  balance  out  of 
their  equity  in  cotton  held  by  the  cooperative  association.  Thus  the 
amount  of  loans  outstanding  when  lending  operations  were  renewed 
each  spring  would  be  inflated  because  the  equities  of  borrowers  in 
pooled  cotton  had  not  been  liquidated. 

Data  relative  to  the  carry-over  by  the  five  corporations  studied 
are  not  uniform  and  satisfactory,  principall}'  because  of  lack  of 
classification  of  loan  accounts.  Kecords  of  some  corporations  con- 
tain one  account  only  for  all  loans  and  discounts ;  loans  of  all  types 
including  production  credit,  supplementary  advances  on  pooled  cot- 
ton, harvest  loans,  and  other  loans  for  current  and  all  ])ast  years 
are  combined  in  one  account.  Furthermore,  few  of  the  corporations 
segregate  their  production  loans  into  separate  accounts  for  each 
season's  business.  If  an  account  had  been  kept  for  each  type  of 
loan  for  each  leudiTig  season  tlie  cai'ry-over  at  any  date  from  each 
year's  loans  would  he  readily  available. 

The  best  figures  available  with  a  uniform  date  for  the  five  corpora- 
tions are  tiie  loan-account  balances  outstanding  at  tlie  close  of  each 
calendar  year.  These  are  sliowti  in  the  top  half  of  Table  10  and 
are  subject  to  tho  following  modifications  if  interpreted  as  carry- 
over: (1)  Figures  for  corporation  A  include  many  supplementary 
loans  on  pooled  cotton  made  in  the  fall  of  the  year  and  tinis  arc 
much  in  excess  of  the  carry-over  of  production  loans;  in  fact  in  some 
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years  they  are  in  excess  of  the  total  production  loans.  (2)  Collec- 
tions between  the  end  of  the  calendar  year  and  the  beginning  of  the 
new  lending  season  are  often  very  large.  (3)  Little  except  the  ini- 
tial advance  on  the  borrower's  cotton  has  been  used  to  reduce  the 
loans  by  December  31,  the  remaining  equity  in  the  borrower's  cotton 
being  available  for  further  reduction  of  the  loans  only  at  a  later 
date. 

Table   10. — Carry-over   of   production    loans    of   five    agricultural   credit    cor- 

Itoratiom,  1924-192!) 

BALANCE  OUTSTANDING  DECEMBER  31 


Year 

Corpora- 
tion A 

Corpora- 
tion B 

Corpora- 
tion C 

Corpora- 
tion D 

Corpora- 
tion E 

Total 

Ratio  of 
carry- 
over to 
new  loans 
made  in 
same  year 

1924         

Dollars 

Dollars 
19, 175 
4,040 

269,  258 
89,  137 
83,  443 

123,  678 

Dollars 

Dollars 

Dollars 

Dollars 

19, 175 

600, 602 

1,832,121 

765,  546 

1, 187,  250 

1,  238, 802 

Per  cent 
3  7 

1925     

298, 829 
550,  584 
204,  112 
393,  210 
323,  224 

U,  485 

68,  706 

61,  155 

159,  654 

225,  448 

283, 248 
953,  573 
372,913 
491,  028 
367,119 

28  3 

1926                             

(') 

38,  229 

59,  915 

199,  333 

35  7 

1927              

26  2 

1928   

27  7 

1929                    —               

24  6 

Total 

1,  769, 959 
Per  cent 

47.7 

588, 731 

Per  cent 

6.6 

297, 477 

Per  cent 

18.0 

519,  448 

Per  cent 

48.6 

2, 467,  881 

Per  cent 

53.7 

5,  643, 496 

Ratio  of  carry-over   to  new- 
loans  made  in  same  years... 

28.2 

BALANCE  OUTSTANDING  THE  FOLLOWING  SUMMER 


1924 

Dollars 

Dollars 
0 
0 

2,196 

56,  388 

653 

21, 827 

Dollars 

Dollars 

Dollars 

Dollars 

Per  cent 

1925   

16,000 
175,  000 

75,  000 
275,  000 
175,  000 

14,000 
50,000 
14,  057 
71, 737 
70,  537 

225,000 
850,000 
325,  000 
437,  000 
335,000 

255, 000 
1,110,773 
489,  633 
812,  259 
693,  962 

12  0 

1926 

33,  577 
19,188 
27,  869 
91,  598 

20  8 

1927       

16  8 

1928   

19  0 

1929 

13.8 

Total 

716, 000 

Per  cent 

19.3 

81, 064 

Per  cent 

0.9 

172,  232 

Per  cent 

9.3 

220,331 

Per  cent 

20.6 

2, 172,  000 

Per  cent 

47.3 

3,  361, 627 

Ratio  of  carry-over   to  new 
loans  made  in  same  years... 

16.6 

1  Unknown. 


The  lower  half  of  Table  10  consists  of  actual  amounts  still  out- 
standing in  the  following  summer  for  corporations  B  and  C  and 
estimates  of  loans  carried  over  to  the  following  summer  for  corpo- 
rations A,  D,  and  E.  These  estimates  were  made  by  the  managers 
of  the  corporations  and  are  probably  accurate.  The  average  amount 
of  loans  carried  over  to  the  following  summer  ranged  from  0.9 
of  1  per  cent  of  the  total  loans  made  in  one  corporation  to  47.3  per 
cent  for  another.  The  corporation  with  the  average  carry-over  of 
47.3  per  cent  is  at  present  in  the  process  of  liquidation. 

LOSSES 

It  has  been  impossible  to  obtain  comparative  data  relative  to 
losses.  All  corporations  have  carry-over  loans.  Some  have  written 
off  part  of  that  carry-over  as  loss  even  though  they  felt  certain  that 
the  amounts  would  later  be  collected.  Others  have  continued  to 
show  as  carry-over,  loans  which  they  knew  they  could  not  collect. 


26       TECHNICAL   BULLETIN    3  2  2,    U.    S.    DEPT.    OF    AGEICULTURE 

At  the  time  that  detailed  studies  were  made  of  five  corporations 
the  follo^Ying  conditions  appeared  to  obtain :  Corporation  1  had  no 
losses  and  anticipated  none.  Corporation  2  had  taken  a  loss  of 
$300  which  it  hoped  to  recover.  Corporation  3  had  written  oif  no 
losses,  but  the  management  realized  that  large  losses  would  finally 
have  to  be  taken  on  some  accounts.  Corporation  4  had  written  oft' 
all  losses,  totaling  $39,510.  Corporation  5  had  losses  estimated  by 
the  Federal  intermediate  credit  bank  to  be  $236,838. 

For  the  last  two  corporations  mentioned  above,  the  losses  for  all 
years  prior  to  the  date  of  this  study  represented  1.4:  and  5.2  per 
cent,  respectively,  of  the  amounts  originally  loaned. 

REDISCOUNT    RELATIONS    WITH    THE    FEDERAL    INTERMEDIATE 

CREDIT  BANKS 

To  obtain  the  rediscount  privilege,  an  agricultural  credit  corpora- 
tion must  make  application  to  the  Federal  intermediate  credit  bank 
of  its  district.  Upon  application  to  the  bank  an  examination  of  the 
corporation  is  made  by  the  officials  or  a  representative  of  the  bank. 
This  examination  covers  the  territory  to  be  served,  the  legal  and 
financial  set-up  of  the  corporation,  the  amount  and  source  of  capital, 
the  character  of  the  management,  the  relationship  with  affiliated 
organizations,  and  the  proposed  operations  of  the  corporation. 

LINES   OF  CREDIT  AND  EXCESS-COLLATERAL  REQUIREMENTS 

The  bank  each  year  determines  the  line  of  credit  it  will  extend  to 
the  corporation.  Under  the  provisions  of  the  agricultural  credits  act 
of  1923,  which  created  the  banks,  the  maximum  line  of  credit  possible 
for  any  corporation  is  an  amount  which,  added  to  the  other  liabil- 
ities of  the  corporation,  equals  ten  times  the  paid-in  and  unimpaired 
capital  and  surplus.  During  the  early  years  of  the  system,  lines  of 
credit  approximately  as  large  as  that  were  granted.  But  experience 
showed  a  ratio  of  10  to  1  to  be  too  large.  In  some  cases  the  lines  of 
credit  were  sharply  reduced  to  as  low  as  4  to  1  on  the  unimpaired 
capital.  In  other  cases  the  reduction  was  made  much  more  slowly. 
At  present  crop-financing  corporations  are  usually  granted  lines  of 
credit  from  two  to  six  times  their  paid-in  and  unimpaired  capital 
and  surplus. 

The  ratio  for  each  corporation  depends  chiefly  on  the  character 
of  the  management  and  the  quality  of  the  paper  offered  to  the  bank 
for  rediscount.  In  general,  corporations  that  rediscount  livestock 
paper  have  been  granted  a  higher  ratio  than  those  that  rediscount 
crop-production  ])aper.  Some  corporations  included  in  this  study 
have  suH'eied  at  times  a  sharp  decrease  in  lines  of  credit  because  of 
an  impairment  of  capital  as  well  as  on  account  of  the  general  reduc- 
tion in  ratios  granted  by  the  banks. 

The  actual  amount  of  loans  rediscounted  is  generally  less  tlian  tlie 
line  of  credit,  tiie  latter  representing  the  upi)er  limit.  Table  IL 
indicates  for  five  cori)orations  the  relation  between  the  maxinnim 
rediscounts  each  year  and  the  paid-in  and  unimpaired  capital  and 
surphis.  Since  the  figures  for  capKal  and  surplus  as  of  tlie  date  of 
maximum  re(Hscounts  are  not  a\ailable,  the  capital  and  surplus  as 
of  the  end  of  the  year  is  used.  Capital  and  surplus  as  of  the  first  of 
the  year  would  be  too  small  because  much  new  capital  stock  is  sold 
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during  the  lending  period.  Capital  stock  at  the  close  of  the  year, 
however,  represents  apjH'oximately  the  amount  outstanding  at  the 
time  of  the  peak  lending  period.  Surplus  figures  in  some  cases  are 
higher  at  the  close  of  the  year  than  in  the  peak  months  and  in  some 
cases  are  lower.  Thus  it  is  probable  that  the  paid-in  and  unimpaired 
capital  and  surplus  as  of  the  end  of  the  year  represents  fairly  well, 
in  most  instances,  the  basis  on  which  the  line  of  credit  was  granted. 

Table  11. — Ratio  of  mnximiim  amount  of  rediscounts  each  year  to  the  paid- 
in  and  nn-impaired  capital  and  surplus  at  the  close  of  the  year,  for  five 
corporations,  192'i-li)29 


Year 

Corpora- 
tion A 

Corpora- 
tion B 

Corpora- 
tion C  1 

Corpora- 
tion D 

Corpora- 
tion E 

1924                                          

Per  cent 

(') 
0.92 
8.53 
3.33 
3.50 
4.74 

Per  cent 
3.91 

(?) 

(?) 
3.23 
4.80 
5.37 

Per  cent 

(?) 

(?) 

0.58 

.85 

.78 

1.57 

Per  cent 
C) 
(') 
2.12 
1.64 
1.71 
2.02 

Per  cent 

(2) 

1925                           

7.45 

1926                                                

9.03 

1927                         

0) 

1928                                                

6  13. 74 

1929                              .       

S24.31 

1  Corporation  does  not  devote  its  full  capital  to  the  production  credit  loans. 

2  Corporation  not  operating. 

3  Data  not  available. 
<  No  rediscounts. 

»  Ratio  in  excess  of  10  because  an  analysis  of  paper  at  the  end  of  the  year  showed  a  large  impairment  of 
capital. 

The  Federal  intermediate  credit  banks  are  dependent  on  the  capital 
of  the  rediscounting  corporations  as  a  margin  for  protection  against 
loss  on  bad  paper ;  consequently  they  must  be  assured  that  the  capital 
will  not  be  dissipated  while  the  corporations  are  indebted  to  them. 
If  that  capital  were  invested  in  loans  to  farmers,  it  could  easily  be 
lost,  leaving  the  banks  with  no  margin  of  protection.  The  general 
practice  of  the  Federal  intermediate  credit  banks  at  present  is  to 
require  that  a  substantial  part  of  the  capital  be  invested  in  approved 
bonds  and  pledged  with  the  bank  as  additional  collateral.  United 
States  bonds  and  Federal  land  bank  bonds  are  commonly  purchased 
for  that  purpose.  At  the  time  this  practice  was  adopted  many  of  the 
corporations  had  all  of  their  capital  invested  in  unmatured  or  un- 
collectible notes  of  farmers.  In  several  cases  the  banks  took  those 
notes  and  used  them  as  additional  collateral  to  secure  the  rediscounts. 
The  Federal  intermediate  credit  banks  have  not  customarily  sold  the 
additional  collateral  pledged  with  them  if  the  rediscounts  were  not 
liquidated  each  year.  In  case  the  bank  planned  to  continue  business 
with  the  corporation  the  succeeding  season  it  often  retained  the 
additional  collateral  and  asked  that  the  unpaid  balance  of  individual 
borrowers  be  renewed  and  further  fortified  by  new  mortgages. 

The  decision  in  this  matter  by  the  Federal  intermediate  credit 
bank  is  very  important  to  the  corporation.  If  the  bank  uses  the 
additional  collateral  to  liquidate  overdue  notes  at  the  end  of  the 
season,  the  corporation  is  left  without  collateral  to  pledge  for  a  line 
of  credit  the  next  season.  Therefore,  unless  the  corporation  can 
collect  those  debts  or  get  new  capital,  it  will  suffer  a  reduction  in  its 
line  of  credit  the  succeeding  season  or  possibly  find  itself  entirely 
without  rediscount  credit. 
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Of  the  five  corporations  of  which  detailed  studies  were  made  prior 
to  1930.  only  one  had  cleaned  np  its  account  each  year.  Another  had 
liquidated  its  account  in  all  but  one  year.  The  three  others  had  not 
followed  this  practice  either  because  the  Federal  intermediate  credit 
banks  had  not  insisted  on  it  or  else  because  the  corporations  were 
unable  to  do  so.  One  of  the  five  corporations  has  not  been  able  to 
liquidate  its  debt  to  the  bank  since  it  opened  the  account. 

VOLUME  OF  REDISCOUNTING 

Total  rediscounts  by  years  for  each  corporation  (except  three 
small  organizations)  are  shown  in  Table  12  and  Figure  5.  The  data 
represent  in  most  cases  the  largest  montli-end  balance  of  the  re- 
discounts account  for  each  season.  Since  the  peak  of  rediscounts 
was  probabh'  reached  on  some  day  of  the  month  other  than  the 
last,  it  is  probable  that  these  figures  are  somewhat  understated. 
Loans  rediscounted  with  the  Federal  intermediate  credit  banks 
reached  a  peak  in  1926  of  more  than  $7,000,000.  That  year  w^as 
followed  by  a  considerable  recession  in  volume  of  business,  but  of  late 
years  the  volume  has  again  mounted,  reaching  a  new  peak  in  1930. 

Table  12. — Total   redisconniH   irith   Federal   intermediate  credit   Mnks   "by  11 

corpora t iO}i s,    rJ2.'i-l'.):W 

[The  data  in  many  cases  represent  the  largest  month-end  balance  of  the  rediscounts  account  for  each  season] 


Corporation 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

Total 

A 

Dollars 

Dollars 

96,  975 

465,  000 

0 

0 

1,331.000 

2,  048,  386 

Dollars 
1,430,779 
1,300,000 
112,965 
112,645 
2,  005,  000 
2,  465,  867 

Dollars 

586,  237 

875,  000 

257, 050 

149,  494 

1, 094,  000 

'  6U5,  000 

68, 985 

29,340 

Dollars 

.585, 976 

1,701,000 

238,  324 

170,801 

880,  000 

1  485,  000 

250,  673 

49,000 

Dollars 

819,514 

2,  625, 000 

491,476 

225,  609 

394,  000 

1  400,  000 

715,474 

75,000 

10,  580 

(2) 

Dollars 

920. 486 

1 4,  700,  000 

575, 863 

1  250, 000 

1  80, 000 

I  400, 000 

0) 

P) 

55,  385 
(') 
270,  000 

Dollars 
4,  439, 967 

B 

440,000 
0 

12,  106.  000 

C 

1,  675,  678 

D    . 

908  549 

E.. 

5,  784,  000 

F 

1, 049, 080 

7, 403,  333 

G 

1,  035, 132 

H' 

153,340 

I... 

6.5, 965 

Ji 

43,000 

68,000 

(2) 

111,000 

K' 

270,000 

Total,  _ 

1,  489,  080 

3,941,361 

7, 470,  256 

3,  743,  106 

4,  360,  774 

5,  756,  653 

7,  251,  734 

34,  012, 964 

Estimated. 


'  Corporation  not  operating. 


The  agricultural  credit  corporations  organfized  by  the  cotton 
cooperative  associations  have  been  responsible  for  a  large  part  of 
the  discount  credit  extended  by  the  Federal  intermediate  credit  banks 
in  various  States  and  sections  of  the  country.  Table  13  shows  the 
ratio  of  the  discounts  for  these  corj^orations  to  the  total  discounts 
for  crop  jiroduction  by  the  same  banks  and  to  the  total  discounts 
for  all  purj)oses.  The  corporations  in  Mississippi  that  are  included 
in  this  .study  accounted  for  98  j)er  cent  of  the  total  amount  granted 
in  that  State  in  1929  and  1930  by  tlie  Federal  intermediate  credit 
bank  of  the  district.  In  California,  on  the  other  hand,  the  cori)()ra- 
tion  furnished  less  than  1  per  cent.  For  all  of  the  States  listed 
the  corporations  mentioned  furnished  about  one-half  of  the  produc- 
tion credit  and  about  one-fifth  of  all  discounts  granted  by  the  Fed- 
eral iutennediate  credit  banks.  In  the  States  that  are  primarily 
cotton   producers  the  corporations  mentioned   furnished  one-third 
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figure  5.— total  production  loans  and  rediscounts  of  agricul- 
tural credit  corporations  organized  by  cotton  cooperative 
Marketing  associations 

The  increase  in  volume  of  loans  has  been  relatively  uniform,  except  in  1926.     Redis- 
counted  loans  in  the  last  half  of  the  period  have  formed  a  smaller  portion  of  the 
total  than  in  earlier  years. 
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Figure  6. — Agricultural  credit  corporations  and  livestock  loan  companies  appear  to 
have  their  most  extensive  development  in  Arkansas.  Other  areas  such  as  the 
Southeastern  States,  the  North  Central  States,  and  Texas  appear  to  have  a  con- 
siderable number  of  such  organizations.  An  entirely  dififerent  situation  might  ap- 
pear, however,  if  the  volume  of  business  were  considered.  The  volume  of  original 
discounts  closed  by  the  Federal  intermediate  credit  banks  in  19.30  was  largest  for 
Texas,  and  next  largest  for  California,  Louisiana,  and  Mississippi  in  the  order 
named 
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or  more  of  the  crop-production  credit  and  about  one-sixth  of  all 
credit  granted  by  the  banlcs.  Finall}'^,  the  corporations  included  in 
this  study  rediscounted  in  1929  and  1930  approximately  one-fourth 
of  the  crop-production  credit  loans  advanced  by  the  12  intermediate 
credit  banks  of  the  country  and  approximately  one-tenth  of  the 
total  discount  credit  extended  for  all  purposes.  It  is  obvious,  there- 
fore, that  although  in  number  the  credit  corporations  organized  by 
the  cotton  cooperative  associations  represent  a  small  proportion  of 
the  total  (fig.  6)  they  have  accounted  for  a  large  part  of  the  business 
of  the  Federal  intermediate  credit  system. 

Table  13. — Ratio  of  dificounts  of  the  Federal  intermediate  credit  banks  for 
agricultural  credit  corporations  organized  by  the  cotton  cooperative  nuirketing 
as-.sociations  to  all  disco-imts  for  crop  production  and  to  all  discounts,^  1929 
and  1930 


Territory 


Georgia 

Alabama  2 

Mississippi 

Texas  and  New  Mexico 

South  Carolina 

North  Carolina ' 

California 

Tennessee-- 

Tennessee,  Arkansas,  and  Missouri - 


All  States  listed 

All  cotton  States  except  Florida,  Virginia,  and  Arizona- 
United  States 


Percentage  of  dis- 
counts for  crop  pro- 
duction purposes 


1929 


Per  cent 
51 
54 
99 
91 
8 
20 


50 
33 

27 


1930 


Per  cent 
55 
38 
98 
86 
0 
21 


18 


51 
39 

27 


Percentage  of  all 
discounts 


1929 


Per  cent 
51 
51 
99 
3 
8 
20 

.2 
94 


18 
15 


1930 


Per  cent 
55 
32 
98 
4 
0 
21 


12 


21 
18 
10 


'  Original  discounts. 


'  Estimated. 


Table  14  shows  the  ratio  of  rediscounts  to  loans.  The  first  part  of 
the  table  shows  the  ratio  at  the  peak  of  lending  and  is  obtained  by 
dividing  the  total  amount  of  rediscounts  for  the  year  by  the  total 
amount  of  loans  (both  new  and  carry-over).  The  second  part  of  the 
table  is  the  average  ratio  for  the  year.  It  is  obtained  by  using  the 
month-end  balances  of  the  loan  and  the  rediscount  accounts.  The  sum 
of  the  12  month-end  balances  for  the  rediscount  account  each  year  is 
divided  by  the  sum  of  the  12  month-end  balances  of  the  loan  account. 
This  ratio  is  in  reality  the  average  of  the  monthly  ratios  of  redis- 
counts to  loans,  weighted  by  the  balance  of  the  loan  account  each 
month.  As  a  weighted  average  it  is  more  significant  than  a  simple 
average  of  the  monthly  ratios  would  be. 
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Table  14. — Ratio  of  rediscounts  to  production  credit  loans,  in  specified  cor- 
porations,   J024-1929 

AS  OF  PEAK  PERIOD 


Year 

Corpora- 
tion A 

Corpora- 
tion B 

Corpora- 
tion C 

Corpora- 
tion D 

Corpora- 
tion E 

Average 

1924  -          -- 

Per  cent 
(1) 
97.3 
92.9 
92.  1 
77.0 
75.2 

Per  cent 
85.8 
75.4 
81.6 
65.4 
79.5 
97.5 

Per  cent 
(') 
(') 
58.2 
51.9 
45.5 
66.9 

Per  cent 

(') 

85.3 
73.0 
62.1 
57.1 

Per  cent 

(') 
96.4 
92.8 
77.0 
79.3 
63.5 

Per  cent 

85.  8 

1925 

1926 

1927                            -  -       

89.7 
82.2 
71.9 

1928 

08.7 

1929 -. 

72.0 

Average            -      -.    _ 

86.9 

80.9 

55.6 

69.4 

81.8 

76.2 

AVER 

AGE  FOR  THE  YEAR 

1924 

(>) 

26.5 
80.8 
69.9 
64.6 
67.3 

78.1 
50.4 
67.6 
57.6 
71.3 
74.8 

(') 

(') 

40.8 
45.4 
43.7 
58.3 

(0 

(') 

79.5 
63.5 
55.2 
46.7 

1925          

1926 

1927 

1928 

1929               -     --       

Average  .    ..     -.     -      .... 

61.8 

66.6 

47.0 

58.7 

'  Corporation  not  operating. 


2  Small  volume  of  loans  with  no  rediscounts. 


The  ratio  of  rediscounts  to  loans  at  the  peak  of  lending  activities 
averaged  7G.2  per  cent  and  ranged  from  45,5  to  97.5  per  cent.  In 
other  words,  these  corporations  during  peak  periods  were  borrowing 
from  the  Federal  intermediate  credit  banks  about  three-fourths  of 
the  money  they  loaned  and  furnishing  the  other  one-fourth  out  of 
their  capital  or  out  of  funds  borrowed  from  the  cotton  associations 
or  some  other  source.  The  lowe.st  average  ratio  for  any  corporation 
was  55.6  per  cent  and  the  highest  was  86.9,  The  low  ratio  of  55.6 
per  cent  may  be  explained  by  the  fact  that  that  particular  corpora- 
tion has  had  a  large  capital  from  which  to  make  loans  and  the 
further  fact  that  it  has  borrowed  funds  from  the  cotton  association 
during  the  heavy  lending  23eriod.  Yearly  averages  for  all  corpora- 
tions combined  show  in  general  a  trend  downward  from  ratios  of 
almost  90  per  cent  in  the  early  years  to  ratios  of  approximately  TO 
per  cent  in  the  later  years. 

Average  ratios  for  the  year  as  calculated  from  month-end  balances 
of  accounts  are  available  for  only  four  of  the  corporations.  These 
are  much  lower  than  the  ratios  in  the  peak  periods.  In  fact  the  aver- 
age amount  rediscounted  throughout  the  year  represents  approxi- 
mately three-fifths  of  the  total  instead  of  three-fourths  as  showui  by 
the  ratio  for  the  peak  periods. 

There  are  very  few  alternate  sources  of  funds  for  the  corporations. 
At  certain  times  in  the  year  when  the  funds  of  the  cotton  associations 
have  not  been  in  use,  the  corporations  in  a  few  cases  have  been  able 
to  borrow  them.  At  various  times  some  of  the  corporations  have 
been  able  to  borrow  small  amounts  from  commercial  banks  by  pledg- 
ing some  of  the  notes  they  held  in  their  portfolios.  In  general,  how- 
ever, the  corporations  have  depended  largely  on  the  Federal  inter- 
mediate credit  banks  for  their  loanable  funds. 
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REDISCOUNT  RATES  AND  MARGINS  ALLOWED 


Rediscount  rates  charged  by  the  banks  have  varied  from  4  to  6  per 
cent.  (Fig.  7.)  The  rediscount  rate  depends  on  the  interest  rate  at 
which  the  bank  has  been  able  to  sell  its  own  debentures,  for  the  banks 
are  not  permitted  by  law  to  charge  a  rate  of  discount  more  than  1 
per  cent  in  excess  of  the  interest  rate  on  their  most  recent  issue  of 
debentures.  The  framers  of  tlie  law  apparently  felt  that  1  per  cent 
would  be  a  sufficient  margin  to  cover  the  cost  of  operation  and  any 
losses  that  might  occur.  It  is  doubtful,  however,  if  the  1  per  cent 
margin  is  sufficient  for  this  purpose  in  the  case  of  loans  rediscounted 
for  agricultural  credit  corporations.  Were  it  not  for  the  commodity 
loans  to  cooperative  associations,  with  the  same  spread  for  earnings 
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Figure  7.— Rates  of  Discount  from  the  Date  of  Organization  to  De- 
cember 31 ,  1930,  OF  Four  federal  Intermediate  Credit  banks  which 
Discount  paper  of  Cotton  Farmers 

Rates  of  discount  charged  by  the  four  Federal  intermediate  credit  banljs  servins 
most  of  the  cotton-growing  States  have  varied  from  4  to  6  per  cent.  Rales  of 
4%  or  .5  per  cent  were  prevalent  during  most  of  the  years.  (Data  furnished  1>y 
Federal  Farm  Loan  Board. J 

the  banks  might  be  unable  to  operate  at  a  profit.  Such  loans  are 
generally  large  and  require  less  expense  ])er  dollar  for  service  than 
do  most  rediscounts.  The  somewhat  larger  profits  that  the  banks 
make  on  tJioir  commodity  loans  tend  to  offset  the  heavier  expense  on 
the  rediscount  of  fanners'  notes. 

At  present  the  banks  are  not  permitted  to  rediscount  paper  on 
which  tlie  rate  cliarged  the  borrower  is  more  than  3  per  cent  higher 
tliMii  llic  rodispoiint  rate  of  tlie  bank.  When  the  agricultural  credits 
act  (jf  W^'IW  was  passed  the  margin  was  set  at  ly^  per  cent,  but  the 
Federal  Farm  Loan  Board  was  given  power  to  change  it.  Several 
clianges  have  since  been  made.  On  Jainiary  7,  1924,  tlie  spread  ])er- 
iiiittcMl  on  livestof'k  loans  was  increased  to  2  ])er  cent  and  on  January 
31,  J'.)2r>,  to  21/2  j)er  cent.  On  January  29,  1927,  the  spread  was  in- 
creased from  11/4  per  cent  to  2  per  cent  on  general  agricultural 
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paper.     The  margin  was  increased  again  on  April  9,  1931,  to  3  per 
cent  on  all  types  of  paper. 

THE  BANKS'  EXAMINATION  OF  LOANS 

The  Federal  intermediate  credit  banks  make  an  analysis  of  all 
loans  offered  for  rediscount.  In  this  examination  they  are  seriously 
handicapped  by  not  having  a  personal  acquaintance  with  the  farmers 
who  ai)ply  for" loans;  they  nmst  depend  upon  the  opinions  of  others 
to  evaluate  the  personal  characteristics  of  the  borrower.  As  a  result 
the  banks  must  base  their  analysis  largely  upon  the  financial  state- 
ment of  the  borrower  and  other  quantitative  data  obtained  by  the 
corporation.  The  lack  of  personal  relations  is  a  serious  handicap 
to  the  bank  and  to  the  applicant  who  shows  a  poor  financial  state- 
ment but  who  nevertheless  is  a  good  personal  risk. 

CAUSES  OF  DISSATISFACTION 

There  has  been  some  dissatisfaction  with  the  Federal  intermediate 
credit  banks  on  the  part  of  these  finance  corporations.  In  the  early 
years  many  corporation  officials  felt  that  their  corporations  should 
be  entitled  to  a  line  of  credit  equal  to  the  maximum  permitted  under 
the  law  and  that  any  reduction  in  the  ratio  was  unfair  and  a  reflec- 
tion upon  their  organizations.  Another  source  of  trouble  has  be«n 
the  demand  of  some  banks  for  better  security  and  the  refusal  to 
accept  loans  without  such  security.  Officers  of  the  finance  corpora- 
tions contended  that  since  they  were  acquainted  with  the  borrower 
and  knew  the  personal  risk  involved  they  were  able  to  judge  certain 
loans  better  than  the  banks,  which  must  depend  primarily  upon  a 
quantitative  analysis  of  the  application.  Undoubtedly  there  was 
some  merit  in  their  contention.  On  the  other  hand,  the  banks  in 
the  early  years  had  had  experience  with  loans  granted  at  the  dis- 
cretion of  officers  of  credit  corporations  and  in  many  cases  had 
encountered  difficult}^  in  collecting  them. 

Still  another  source  of  dissatisfaction  between  the  banks  and  the 
corporations  was  the  fact  that  the  banks  have  at  all  times  required 
that  the  legal  papers  with  regard  to  loans  be  flawless.  Since  they 
did  not  know  the  borrower  personally  and  could  not  depend  on  his 
moral  character  it  was  necessary  that  they  leave  no  loophole  to 
enable  him  to  avoid  paying  the  loan.  At  present,  most  of  the  mis- 
understandings and  difficulties  have  been  fairly  well  adjusted,  and 
the  relationships  for  the  most  part  are  decidedly  friendly. 

COSTS  OF  LOANS  TO  THE  BORROWER 

One  of  the  purposes  of  the  cooperatives  in  organizing  affiliated 
agricultural  credit  corporations  Avas  to  make  cheaper  credit  avail- 
able to  members.  The  cost  of  credit  for  producing  cotton  is  well 
known  to  be  high;  many  have  considered  it  excessive.  \Vliat  has 
been  the  experience  of  these  credit  corporations  in  reducing  the  cost 
of  credit  to  borrowers? 

Legislation  by  the  States  to  limit  the  rates  of  interest  that  may 
be  charged  have  led  to  various  subterfuges  such  as  additional  fees, 
flat  charges  rather  than  annual  rates  of  interest,  and  the  like.    Usury 
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laws  have  also  tended  to  force  the  financing  of  the  farmer  from 
the  banker  to  the  merchant,  who  may  charge  what  he  chooses  for 
interest  by  merely  adding  the  charge  to  the  price  of  his  goods.  Thus, 
in  any  analysis  of  the  cost  of  credit,  interest  rates  are  not  the  only 
costs  to  be  included.  This  is  as  true  of  credit  obtained  through  an 
agricultural  credit  corporation  as  of  credit  obtained  elsewhere. 
The  following  analysis  of  costs  to  the  borrower  takes  into  account 
not  only  the  interest  charge  but  also  numerous  other  costs. 

RATE   or   IXTEKEST 


Figure  7  indicates  the  rates  that  have  been  charged  in  various 
years  by  the  four  banks  that  serve  most  of  the  cotton  States.  If 
the  margin  allowed  agricultural  credit  corporations  of  11/2,  2,  or  3 
per  cent,  is  added  to  the  bank  rates,  it  is  possible  to  get  an  approxi- 
mation of  the  discount  rates  paid  in  past  years  by  the  borrowers. 
One  corporation,  however,  has  not  always  taken  the  full  spread 
allowed. 

Table  15  shows  the  average  discount  rates  that  have  been  charged 
during  the  various  years  by  four  of  the  corporations.  The  liigh 
rates  in  1929  reflect  the  general  high  cost  of  credit  thi-oughout  the 
country.     Rates  decreased  again  in  1930  and  the  first  half  of  1931. 

Table  15. — ApijroxhiKitc  rates  of  discount  charged  by  four  n(/riculfwraj  credit 

CO  rpora  t  i  on  s,   1 92J,~1929 


Year 

Corpora- 
tion A 

Corpora- 
tion B 

Corpora- 
tion C 

Corpora- 
tion E 

Average 

1924 

Per  cent 

Per  cent 
6.25 
5.75 
6.00 
5.88 
5.50 
5.75 

Per  cent 

Per  cent 

Per  cent 
6  25 

1925 

6.50 
6.75 
6.75 
6.62 

7.88 

6.50" 
6.75 
6.75 
7.88 

6.50 
6.75 
6.  75 
6.62 

7.88 

().  25 

1926                                 

6.50 

1927..        

6.53 

1928 

6.37 

1929 - 

7.35 

Average                                                

6.90 

5.86 

6.97 

6.90 

6.60 

It  should  be  remembered  that  the  rates  shown  in  Table  15  are  dis- 
count and  not  interest  rates.  A  rate  used  for  discount  charged  in 
advance  is  always  more  costly  to  the  borrower  than  the  same  rate 
used  for  an  interest  charge  at  maturity  of  the  note.  Thus  7  i)er 
cent  discount  on  a  $100  note  for  one  year  means  the  payment  of 
$7  for  the  use  of  $93  for  1  year  or  a  rate  of  interest  of  7.53  per 
cent.  For  rates  below  7  per  cent,  the  difference  between  the  discount 
and  real  interest  rate  is  less  than  0.53  j)er  cent  and  for  rates  above 
that  it  is  more.  Moreover,  the  difference  on  an  annual  basis  when 
loans  are  for  periods  of  less  than  one  year  would  be  smaller  than 
if  the  loans  were  for  a  whole  year  as  shown  above,  because  the  ])ay- 
ment  of  tiie  discount  is  Tor  a  shorter  time  in  advance.  Tabk'  1() 
shows  interest  rates  equivalent  to  customary  discount  rates  for 
typical  periods. 
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Table   HI— Interest   rates   equivalent   to   si)eeiflcd   discount  rates 


Anniiiil 

discount 

rate 

Equivalent  annual  interest 
rate  on  loans  of— 

1  year 

9  months 

6  months 

Per  cent 
6 

7 
8 

Per  cent 
6.38 
7.53 
8.70 

Per  cent 
16.28 
17.39 
18.51 

Per  cent 
16.19 
17.25 
18.33 

1  Sometimes  referred  to  as  nominal  rates  of  interest.  The  efTective  rates,  the  rates  hased  on  compound- 
ing interest  only  once  a  year,  would  be  as  follows;  Nine  months,  6.33,  7.46,  and  8.60;  six  months,  6.28, 
7.39,  and  8.51. 

FACTORS  MODIFYING  RATE  OF  INTEREST  IN  ASCERTAINING  COST  TO  BORROWER 

Several  modifications  of  the  discount  rates  iimst  be  taken  into 
account  in  ascertaining  the  actual  cost  to  the  borrower.  These  cor- 
porations advance  the  funds  to  many  of  their  borrowers  in  install- 
ments. With  some  corporations  the  practice  is  almost  universal; 
with  others  it  is  used  only  in  a  minority  of  cases.  Two  of  the  five 
corporations  studied  have  charged  the  borrower  for  the  money 
from  the  exact  date  of  each  installment  advanced  him.  The  other 
three  have  charged  discount  on  the  whole  sum  from  the  date  of 
discounting  the  note ;  hence,  for  these  three  corporations  the  real 
cost  to  the  borrower  has  been  greater  than  the  stated  rate.  Two  of 
these  three  corporations  were  forced  to  follow  this  policy;  the 
Federal  intermediate  credit  bank  with  which  they  discounted  paper 
did  not  itself  advance  the  loan  in  installments,  but  advanced  the  total 
sum  to  the  agricultural  credit  corporations  at  the  time  of  rediscount 
without  regard  to  the  installments.  Hence  it  charged  the  corpora- 
tions on  the  full  sum  from  the  date  of  rediscount. 

As  the  corporations  kept  the  funds  in  a  city  bank  until  the  install- 
ments were  due  and  received  very  little  if  any  interest  thereon,  they 
found  it  necessary  to  charge  the  borrowers  for  the  full  period  of  the 
loan.  The  fact  that  the  borrower  was  required  to  pay  interest  on 
the  whole  loan  from  the  date  of  discount  regardless  of  the  fact 
that  he  received  it  in  installments  made  the  actual  rate  of  discount 
higher  for  him  than  the  quoted  rate.  On  the  other  hand,  this  extra 
cost  to  the  borrower  w^as  not  such  a  burden  or  so  unfair  as  it  might 
seem  at  first  thought.  If  all  of  the  funds  were  made  available  to  him 
at  the  date  of  discount,  he  himself  would  have  deposited  them  in  his 
local  bank,  probably  without  interest.  It  cost  him  no  more  to  have 
the  funds  in  a  city  bank  to  the  credit  of  an  agricultural  finance  cor- 
poration than  in  a  local  bank  to  his  own  credit. 

In  finding  the  true  cost  of  money  to  the  borrower,  the  matter  of 
refunding  of  interest  on  loans  paid  in  full  or  in  part  before  matur- 
ity must  be  considered.  The  same  two  corporations  that  charge  in- 
terest only  from  the  date  of  each  installment  also  refund  interest  to 
the  borrowers  for  the  period  from  each  payment  on  the  loan  until 
maturity.  Moreover,  these  corporations  calculate  the  interest  to  the 
exact  day  on  every  payment  applied  to  the  loan.  The  other  cor- 
porations have  not  done  so  well  by  the  borrower. 
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It  has  been  the  practice  of  one  of  the  Federal  intermediate  credit 
banks  in  refunding  discount  on  payments  before  maturity  to  refund 
the  discount  at  a  rate  1  per  cent  below  the  rate  on  its  debentures, 
and  not  at  the  rate  charged  by  the  bank.  It  should  be  remembered 
that  the  bank's  charges  are  1  per  cent  in  excess  of  the  rate  on  its 
debentures.  Hence  if  the  rate  on  the  bank's  debentures  has  not 
changed  within  the  period  of  the  loan,  it  refunds  discount  on  pre- 
payments at  a  rate  2  per  cent  below  the  rate  paid.  Officials  of  that 
bank  feel  that  they  have  gone  to  the  expense  of  placing  the  loan 
and  hence  have  earned  their  margin  of  1  per  cent  interest  for  the 
full  period  of  the  loan.  Moreover,  since  the  maturities  of  the  bank's 
debentures  are  based  on  the  maturities  of  the  loans  it  has  made,  the 
bank  probably  has  to  relend  the  money  and  contends  that  it  is  en- 
titled to  another  1  per  cent  of  the  loan  from  the  date  of  payment  to 
maturity. 

Following  the  same  line  of  reasoning,  the  corporations  feel  that 
they  have  earned  the  full  margin  of  income  allowed  to  them  for  the 
full  period  of  the  loan  until  maturity  and  do  not  see  fit  to  refund  to 
the  borrower  anything  more  than  the  bank  refunds  to  them.  Thus 
the  borrower,  last  in  the  line,  is  refunded  discount  for  the  unused 
portion  of  the  term  of  the  loan  at  a  rate  which  has  often  been  4  per 
cent  below  the  rate  which  he  has  paid  for  the  money. 

Assume,  for  instance,  that  the  borrower  has  paid  T  per  cent  for  the 
money,  out  of  which  2  per  cent  was  the  corporation's  margin  and  1 
per  cent  the  bank's  margin.  If  there  had  been  no  changes  in  the 
rates  on  debentures  of  the  bank,  he  would  have  received  a  refund  of 
discount  for  the  period  from  the  date  of  repayment  until  maturity 
at  3  per  cent.  He  thus  paid  7  per  cent  for  the  time  he  actually  had 
the  money  and  in  addition  4  per  cent  from  the  date  of  actual  repay- 
ment to  the  date  of  the  maturity  of  the  note.  Possibly  the  borrower 
is  lucky  to  receive  any  allowance  for  payment  before  maturity. 
Many  of  the  local  banks  make  no  refund  whatsoever.  Nevertheless, 
this  practice  makes  the  actual  rate  that  the  borrower  pays  somewhat 
higher  than  the  quoted  rate. 

Two  of  the  corporations  are  known  to  make  additional  charges  in 
the  form  of  fees.  These  fees  are  small,  being  in  one  case  $3  flat 
charge  and  in  the  other  $1  plus  10  cents  for  every  $100  of  the  loan  or 
fraction  thereof.  In  some  cases  when  it  has  been  necessary  to  send  a 
special  investigator  to  appraise  the  security  offered  for  the  loan,  the 
cost  has  been  assessed  against  the  borrower. 

The  borrower  is  always  expected  to  pay  the  cost  of  searching  the 
county  records  to  show  what  prior  liens,  if  any,  exist,  and  to  pay  for 
recording  and  releasing  mortgages  or  other  liens.  Generally  the  bor- 
rower himself  employs  and  pays  someone  to  search  the  records  and 
pays  recording  fees.  In  some  cases,  however,  the  corporation  has 
this  work  done  and  deducts  the  charges  from  the  face  of  the  loan. 
By  employing  someone  to  take  care  of  all  of  its  work  in  a  county 
the  corporation  is  often  able  to  have  records  searched  at  a  much  lower 
cost  than  the  individual  would  have  to  pay.  For  large  loans  the  ex- 
penses of  recording  and  searching  of  records  do  not  add  materially 
to  the  cost  on  a  percentage  basis.  But  for  a  loan  of  $500,  which  is 
about  the  median-size  loan,  the  typical  charge  for  the  service  of  from 
$2  to  $5  is  significant  in  its  effect  on  the  rate  of  interest.    Charges 
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as  high  as  $10  have  often  been  made  for  searchinji  the  records.  Such 
a  charge  Avoidd  add  as  much  as  2  per  cent  to  the  interest  rate  on  a 
$500  loan  for  1  year  or  4  per  cent  if  the  loan  was  for  only  6  months. 

No  estimate  of  tlie  cost  of  the  loan  to  the  borrower  would  be 
complete  without  taking  into  account  the  cost  to  the  borrower  of 
owning  stock  of  the  coi-poration,  a  })ractice  that  is  now  required 
by  all  but  one  organization.  The  corporations,  with  one  exce})ti(m, 
have  not  paid  dividends  on  their  stock.  If  the  borrower  nuist  own 
nondividend-paying  stock  for  the  privilege  of  obtaining  the  loan, 
the  loss  of  return  on  investment  is  a  proper  charge  to  the  cost  of 
that  loan. 

Assuming  that  investments  in  stock  should  yield  7  per  cent  (a 
rate  only  slightly  above  the  average  rate  paid  as  interest  by  bor- 
rowers on  their  loans)  and  further  assuming  that  the  borrower 
must  take  stock  equal  to  10  per  cent  of  the  loan,  the  loss  in  dividends 
w^ould  be  7  per  cent  of  10  per  cent  of  the  loan  or  0.7  per  cent.  This 
is  an  addition  to  the  interest  rate  on  the  loan.  Moreover,  if  the 
stock  of  the  corporation  depreciates  in  value,  that  loss  in  value 
should  also  be  added  to  the  cost  by  distributing  it  over  the  number 
of  years  in  which  loans  were  obtained.  This  is  a  large  item  in  the 
case  of  some  corporations  whose  stock  has  lost  its  entire  value. 

FINAL   COST  TO   THE   BORROWER 

Table  17  represents  an  attempt  to  estimate  the  cost  to  the  bor- 
rower of  a  typical  loan  on  an  annual  interest  rate  basis.  The 
typical  loan  is  taken  as  one  of  $500  since  that  is  close  to  the  median 
size,  and  7  per  cent  rate  of  discount  is  selected  as  being  near  the 
average.  The  final  estimate  amounts  to  about  10  per  cent.  Ad- 
justments must  be  added  to  these  rates  if  the  loan  is  made  in  in- 
stallments or  paid  before  maturity  without  a  proportional  reduc- 
tion in  interest.  Additions  must  be  made  if  the  stock  of  the  corpo- 
ration owned  by  the  borrower  has  depreciated  in  value. 

Table  17. — Estimated  cost,  on  an  annual  interest  rate  basis  of  a  tijpiGal  loan 
($500  at  7  per  cent)   for  designated  periods 


Item 

12-month 
note 

9-month 
note 

6-month 
note 

Rate  of  annual  interest  equivalent  to  7  per  cent  annual  discount.. 

Per  cent 

7.53 

.80 

Per  cent 
7.  39 
1.06 

Per  cent 
7.25 

$4-fees  for  examining  title  and  recording  liens 

1.  f)0 

Subtotal      .     .          ..      .. - 

8.33 
.70 

8.45 
.93 

8.85 

Seven  per  cent  return  sacrificed  annually  on  investment  in  stock  of  the 
corporation    .                                                                                _.  _  _ 

1.40 

Subtotal      

9.03 
.30 

9.38 
.40 

10.  25 

$1.50  fee  for  application 

.60 

Total ., 

9.33 

9.78 

10.85 

The  cost  of  loans  through  these  credit  corporations  compares 
favorably  with  the  cost  through  other  agencies.  Table  2  indicates 
average  costs  of  cash  credit  to  cotton  growers,  ranging  from  7.7  to 
11.5  per  cent.  Much  of  this  cash  credit  was  obtained  from  banks. 
Although  farmers  with  good  credit  often  can  borrow  at  their  local 
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banks  for  6,  7,  or  8  per  cent  per  annum,  banks  in  many  sections  make 
flat  cliar<:es,  sometimes  as  high  as  10  per  cent,  despite  the  fact  that 
the  loans  are  of  less  than  a  year's  duration.  For  the  corporations 
that  have  not  required  the  borrower  to  purchase  capital  stock,  and 
for  those  that  have,  but  have  paid  dividends  thereon,  the  costs  of 
loans  com])are  favoraljly  with  bank  rates. 

The  cost  of  loans  through  the  credit  corporations  has  clearly  been 
much  lower  than  the  customary  charges  for  merchant  credit.  (Table 
2.)  As  a  rule,  however,  the  borrower  from  a  credit  corporation  is  a 
better  risk  than  the  average  farmer  who  uses  merchant  credit.  Those 
farmers  who  are  obtaining  their  credit  at  high  rates  from  merchants 
and  who  could  qualify  for  a  loan  from  some  credit  corporation  would 
find  such  a  change  a  real  economy. 

In  appraising  these  organizations  on  the  basis  of  the  cost  of  loans 
to  the  borrower,  it  should  be  kept  in  mind  that  the  loans  are  seasonal 
and  of  less  than  a  year's  duration.  In  addition,  they  often  are  small 
and  hazardous.  All  of  these  factors  lead  toward  high  costs  of  opera- 
tion, which  in  turn  are  reflected  in  high  charges  to  the  borrower, 
especially  when  stated  on  an  annual  interest  basis.  All  of  these 
characteristics  except  the  one  of  seasonality  are  found  also  in  loans 
to  consumers  in  industrial  centers  and  contribute  to  the  necessity  for 
charging  a  high  rate  of  interest,  as  evidenced  by  Table  18. 


Table  18. — Cost  on  a  per  annum  basis  of  loans  from  various  agencies  extending 

personal  crcflit  in  urban  areas 

[Data  obtained  from  Financing  the  Consumer,  by  Evans  Clark,  1930.    p.  119] 


Agency 


Usual 
charge 


Range  of 
charges 


Credit  unions 

Personal  loan  departments- 
Industrial  banks 

Remedial  loan  societies 

Axias.. 

Pawnbrokers 

Personal  finance  companies 


Per  cent 
12.0 
18.1 
17.3 
26.9 
28.5 
3fi.O 
42.0 


Per  cent 

6. 0-18. 0 

9. 4-22.  6 

17.3-34.4 

12.  0-36. 0 


12.0-120.0 
30. 0-42.  0 


The  reasonable,  if  not  low,  rates  charged  by  agricultural  credit 
corporations  must  be  attributed  in  large  part  to  the  efforts  of  the 
Federal  Government  to  aid  farmers.  It  established  the  Federal 
intermediate  credit  banks  and  contributed  all  of  their  capital;  it 
supervises  them  and  grants  them  the  privilege  of  issuing  tax-free 
debcnturos.  The  exemption  of  the  banks'  debentures  from  both 
Fedei-al  and  State  taxation  enables  tlicm  to  be  sold  to  the  ]iublic  at 
a  rjitc  of  intei-est  lower  than  would  otherwise  be  possible.  The 
extent  to  wliich  the  securities  sell  at  lower  interest  rates  because  of  the 
tax-free  feature  depends  on  the  rates  of  tax  at  the  time.  A  study  of 
interest  rates  from  1918  to  1926  indicates  an  average  difference  in 
yield  rates,  due  to  tax  exemption,  of  0.85  per  cent.''  Because  of  the 
decrease  since  tlien  in  the  surtax  rates  of  the  Federal  income  tax,  the 
difference  is  much  less  at  present. 


^  ROWE,    W.    II.       THK    miRDEN    OF   TAX    EXEMPTION    OF   UOVBKNMENT    BONDS.       Amcr.    EcOD. 
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INCOME,  COSTS,  AND  PROFITS 

One  of  the  problems  that  agricultural  credit  corporations  through- 
out the  country  have  had  to  face  is  the  inadequacy  of  income  and 
profits.  Until  1927  the  Federal  intermediate  credit  banks  were 
permitted  to  rediscount  crop  paper  for  the  corporations  only  if  the 
rate  of  discount  charged  borrowers  was  not  more  than  V/^,  per  cent 
in  excess  of  the  rediscount  rate  charged  by  the  bank.  From  1927  to 
1931,  a  2  per  cent  margin  on  crop-production  loans  was  allowed.  In 
most  cases  this  margin  has  not  proved  sufficient  for  the  corporations 
to  pay  expenses  and  absorb  losses.  The  corporations  affiliated  with 
the  cotton  marketing  associations  were  organized  for  service,  and  in 
most  cases  they  have  not  been  expected  to  earn  a  profit  for  the 
stockholders  but  it  has  been  hoped  that  they  would  at  least  be  self- 
supporting. 

OPERATING  STATEMENTS 

Complete  data  relative  to  income  and  operating  expenses  are 
available  for  four  corporations  only.  Limited  data  covering  income 
and  interest  expense  are  available  for  a  fifth.  Table  19  contains 
a  summary  operating  statement  of  each  of  these  corporations  for  the 
full  period  of  its  life  and  a  combined  statement  for  all  corporations 
for  all  years.  The  table  also  shows  the  expenses  and  profits  in 
percentage  of  total  income. 

Table  19. — Oprrnthiff  stotementfi  for  five  opricultural  credit  corporations 
cfwcriuff  period:  from  date  of  organisation  to  the  close  of  the  1929  calendar 
or  fiscal  year  ^ 


Item 

Corporation  A 
(5  years) 

Corporation  B 

(5  years) 

Corporation  C 
(4  years) 

Corporation  D 
(5  years) 

• 

Income 

Dollars 
249, 095 
137,  487 

Percent 

100.0 

55.2 

Dollars 

158,  564 

75, 932 

Percent 

100.0 

47.9 

Dollars 

111,757 

32,  780 

Percent 

100.0 

29.3 

Dollars 
60, 182 
28,  384 

Per  cent 
100  0 

Interest  cost 

47  2 

Gross  profits 

111,608 
89, 886 

44.8 
36.1 

82, 632 

52.1 

78, 977 
75,  111 

70.7 
67.2 

31,798 
33,  365 

52  8 

Other  operating  expense...  .. 

55.4 

• 

Net  operating  profit.. 

21,  722 
1,611 

8.7 
.7 

3,866 
-367 

3.5 
-.4 

-1,567 

—2  6 

Other  adjustments  ' 

Net  profit  or  loss  i 

23,333 

9.4 

3,499 

3.1 

-1,567 

—2  6 

Item 

Corporation  E 
(5  years) 

Total 

Total  of  corpora- 
tions K,  C,  D,  E 

Income . 

Dollars 
283,  498 
172,  069 

Percent 

100.0 

60.7 

Dollars 
863,  096 
446,  652 

Percent 

100. 0 

51.7 

Dollars 
704,  532 
370,  720 

Per  rent 
100  0 

Interest  cost   . 

52  6 

Gross  profits..  

111,  429 
127,  600 

39.3 
45.0 

416, 444 

48.3 

333, 812 
325, 962 

47  4 

Other  operating  expense _  

46.3 

Net  operating  profit    . 

-16,  171 
-7,  934 

-5.7 
-2.8 

7,850 
-6,  690 

1. 1 

Other  adjustments  1 ...    __     _  _  _  

-.9 

Net  profit  or  loss  i..  ... 

-24, 105 

-8.5 

1,160 

9 

•  This  table  does  not  include  the  losses  incurred  on  loans  by  some  of  the  corporations. 

Income  and  expense  figures  available  for  four  corporations  have 
been  classified  also  on  the  basis  of  years  and  are  shown  in  Table  20. 
Being  a  combined  statement  of  profit  and  loss  this  table  shows  cer- 
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tain  trends  in  the  industry  as  a  whole.  Both  income  and  interest 
costs  reached  their  high  i^oint  in  192G.  Profits  from  operations 
were  earned  in  1925  and  1926;  in  1928  interest  and  operating  ex- 
penses about  equaled  the  income.  Losses  were  sustained  on  opera- 
tions in  1927  and  1929. 

It  is  probable,  however,  that  these  totals  are  too  greatly  influenced 
by  figures  of'  individual  corporations  for  many  general  conclusions 
to  be  drawn  from  th^n.  Undoubtedly  the  profits  shown  from  opera- 
tions in  1925  and  1926  were  partly  due  to  handling  a  large  volume  of 
business  without  sufficient  servicing  of  the  loans.  The  year  1927  was 
one  of  retrenchment.  New  loans  were  restricted,  and  old  ones  were 
collected,  with  the  result  that  the  earnings  from  interest  were  small 
and  expenses  were  high. 

Table  20. — Summanj  of  the  operating  statements  of  four  agricultural  credit 

corpora  tions,  1925-1 929 


Item 


Income 

Interest  ccsts 

Gross  profit 

Other  operating  expense 

Net  operating  profit- 
Other  adjustments 

Net  profit  or  loss 


1925 


Amount 


Dollars 
76, 338 
47, 077 


29,261 
15,  968 


13,  293 
-4,071 


9,222 


Per- 
centage 
of  total 
income 


Per  cent 
100.0 
61.7 


38.3 
20.9 


17.4 
-5.3 


12.1 


1926 


Amount 


Dollars 
215, 824 
129,905 


85,  919 
66,  594 


19,  325 
-10,424 


8,901 


Per- 
centage 
of  total 
income 


Per  cent 
100.0 
60.2 


39.8 
30.9 


9.0 

-4.8 


4.1 


1927 


Amount 


Dollars 

153, 060 

73,  967 


79,093 
96,873 


-17,780 
7,143 


-10,637 


Per- 
centage 
of  total 
income 


Per  cent 
100.0 
48.3 


51.7 
63.3 


-11.6 
4.7 


-6.9 


1928 

1929 

Total » 

Item 

Amount 

Per- 
centage 
of  total 
income 

Amount 

Per- 
centage 
of  total 
income 

Amount 

Per- 
centage 
of  total 
income 

Inromp                           _  ..  _  - 

Dollars 

142, 095 

63, 435 

Per  cent 
100.0 
44.5 

Dollars 

134,  248 

61,  396 

Per  cent 
100.0 
45.7 

Dollars 
722, 165 
375, 780 

Per  cent 
100.0 

52.0 

Oro^s  profit                  

79,  260 
79,  172 

55.  5 
55.  5 

72,  852 
76,  242 

54.3 

56.8 

346. 385 
334, 849 

48.0 

Other  operating  expense  

46.4 

Net  oDpratinc  nroflt           

88 
-11,904 

.1 
-8.3 

-3,  390 
12,  ,566 

-2.5 
9.4 

11,536 
-6,  690 

1.6 

Other  adiustinenls          - 

-.9 

Net  nrofit  or  loss                 

-11,816 

-8.3 

9,176 

6.8 

4, 846 

.7 

'  Total  figures  do  not  exactly  agree  witli  those  of  Table  19  because  estimates  were  necessary  to  change  the 
basis  of  tlie  stat(^ments  of  one  corporation  from  a  fiscal  to  a  calemlar  year. 

Expctises  for  each  corporation  have  been  classified  in  five  groups 
and  aic  sliown  for  eacli  of  tlio  four  cori)orations  in  Table  21  in  which 
are  also  given  the  percentages  eacli  group  of  expenses  constitutes  of 
the  total  expenses  and  of  the  total  income.     Salaries  were  by  far  the 
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largest  class,  and  traveling  or  field  expense,  the  second  largest  item. 
Office  expenses  were  the  third  in  size,  but  of  nuicli  less  importance 
than  salaries  or  traveling  expenses.  Taxes,  Government  fees,  and 
miscellaneous  expenses  were  of  relatively  small  importance.  The 
expenses,  exclusive  of  interest  costs,  absorbed  4().ri  per  cent  of  the 
income. 

Tablk  21. — A  clas.^ificafioii  of  oixfdlinfj  cxpoiscs,  otiicr  tliaw  interest  costs, 
for  four  corporations  frovi  the  ddtc  of  or(jaiiiz(ition  of  each  to  the  close  of 
the  1929  calendar  or  fiscal  year^ 


Item 


Salaries    

Traveling  and  other  field  expense 

Office  expense 

Taxes  and  Government  fees 

M  iscellaneous  expense 

Total 


Corporation  A 


Amt. 


Dollars 
47,  7<JS 
25,  876 

9,770 
216 

6,226 


89,  886 


Percentage 
of  total 


Ex- 
pense 


P.ct. 

53.2 

28.8 

10.9 

.2 

6.9 


100.0 


In- 
come 


P.ct. 
19.2 
10.4 

3.9 
.1 

2.5 


36.1 


Corporation  C 


Amt. 


Dollars 
59,  633 
9,  479 
3,351 
1,234 
1,414 


75,  111 


Percentage 
of  total 


E.\- 

pense 


P.  ct. 

79.4 

12.  6 

4.5 

1.6 

19 


100.0 


In- 
come 


53.  3 
8.5 
3.0 
1.1 
1.3 


67.2 


Corporation  I) 


Amt. 


Dollars 

25,  528 

3,312 

1,933 

725 

1,867 


33, 365 


Percentage 
of  total 


Ex- 
pense 


P.ct. 

76.5 
9.9 
5.8 
2.2 
5.6 


100.0 


In- 
come 


P.ct. 
42.4 
5.5 
3.2 
1.2 
3.1 


5.5.4 


Item 


Salaries  ^ 

Traveling  and  other  field  expense 

Office  expense 

Taxes  and  Government  fees 

Miscellaneous  expense 

Total 


Corporation  E 


Amount 


Dollars 
75,  273 
25,  543 
11,509 
3,105 
12, 170 


127,  600 


Percentage 
of  total 


Ex- 
pense 


P.ct. 

59.  0 

20.0 

9.0 

2.4 

9.6 


100.0 


In- 
come 


P.ct. 

26.  5 
9.0 
4.  1 
1.  1 
4.3 


45.0 


Total 


Amount 


Dollars 

208,  232 

64,  210 

26,  563 

5,280 

21,  677 


325,  962 


Percentage 
of  total 


Ex- 
pense 


P.ct. 

63.9 

19.7 

8.1 

1.6 

6.7 


100.0 


In- 
come 


P.ct. 

29.6 

9.1 

3.8 

.7 

3.1 


46.3 


'  This  table  is  a  supporting  schedule  for  the  statements  shown  in  Table  19. 

OPERATING  FIGURES  PER  LOAN  AND  PER  DOLLAR  OF  LOAN 


The  difficulties  of  the  corporations  in  earning  a  satisfactory  income 
become  more  apparent  wdicn  the  figures  for  income,  costs,  and  profits 
are  examined  in  terms  of  averages  per  loan  and  per  dollar  of  loan. 
Table  22  shows  the  average  income,  interest  paid,  expenses,  and 
profits  per  loan  and  per  dollar  of  loan.  The  income  per  loan  is  de- 
pendent, of  coui-se,  on  the  size  of  the  loan  as  well  as  the  rate.  This 
fact  explains  very  largely  why  the  average  income  per  loan  for  one 
corporation  is  $36  and  for  another  is  $328.  Average  figures  for 
income,  interest  cost,  expenses,  and  profits  per  dollar  of  loan  are  also 
significant. 
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Table  22. — Averayc  income,  co-sts,  and  profits  for  five  vorporations 

PER  LOAN 


Corporation 

Years 
included 

Income 

Interest 
costs 

Excess  oi 
income 

over 
interest 

costs 

Operat- 
ing 
expense 

Operat- 
ing 
profit 

Net 
profit 
or  loss 

A 

Number 
4 
5 
4 
5 
5 

Dollars 
53 
328 
75 
92 
36 

Dollars 
30 
157 
22 
43 
22 

Dollars 
23 
171 
53 
49 
14 

Dollars 
19 

Dollars 
4 

Dollars 
4 

B                  

C 

50 
51 
16 

3 
-2 
-2 

2 

D                   

-2 

E. 

-3 

Average: 

5  corporations 

57 
48 

30 
26 

27 

22 

4  corporations          

22 

(') 

(') 

PER  DOLLAR  OF  LOAN 


\                    ...  

4 
5 
4 
5 
5 

$0.0575 
.0256 
.0574 
.0576 
.0424 

$0.0326 
.0122 
.0168 
.0272 
.0257 

$0.0249 
.0134 
.0406 
.0304 
.0167 

$0. 0209 

$0. 0040 

$0. 0043 

B 

C     

.0386 
.0319 
.0191 

.0020 
-.0015 
-.0024 

.0018 

D              

-.  0015 

E       

-.0036 

Average: 
5  corporations  

.0425 
.0501 

.0221 
.0266 

.0204 
.0235 

4  corporations . 

.0234 

.0001 

.0003 

'  Less  than  50  cents  profit. 


REASONS  FOR  SMALL  PROFITS 


One  of  the  principal  cau.ses  of  the  difficulties  encountered  by  these 
agricultural  credit  corporations  in  making  a  profit  or  at  least  avoid- 
ing a  loss  is  the  seasonal  character  of  the  loans.  Advances  are 
started  in  the  late  winter  or  early  spring;  they  rise  to  a  peak  in 
August,  and  are  largely  liquidated  by  the  end  of  October  or  Novem- 
ber. (Fig.  8.)  The  average  annual  earning  period  of  the  loans  is 
from  6  to  7  months  as  shown  in  the  following  tabulation  : 

1925 

1926 

1927 


6. 

1 

6. 

8 

7. 

1 

6.5 

6. 

5 

6. 

9 

1928 

1929 

1930 

Average 6.  65 

This  estimate  is  obtained  by  an  analysis  of  the  area  under  the 
curve  in  Figure  8.  Its  accuracy  is  suppoi'ted  by  the  results  of  other 
studies  made  in  the  cotton  States.  Of  those  studies,  four  show  the 
average  term  of  loans  for  growing  the  crop.  These  were  found  to  be 
6.8,  7.0,  7.4,  and  6.8  months,  respectively. 

If  Interest  is  cliarged  only  foi-  the  time  during  wliicli  tlie  loans  are 
outstanding,  the  income  of  the  corporation  is  limited  to  about  one- 
half  of  wliat  it  would  be  were  it  able  to  nuiintain  a  constant  volume 
of  business  equal  to  its  full  line  of  rediscount  credit.  Expenses,  on 
tlic  other  hand,  ai'e  but  litlle  less  than  would  be  the  case  if  tlie  loan 
volmiie  wcie  at  a  maximum  level  tliiougliout  the  yv.w.  This  is  ])artly 
because  it  is  desirable  to  maintain  a  ])ermanent  staff,  and  hence, 
salaries,  the  largest  item  of  expense,  can  not  be  reduced  during  the 
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winter  months.  In  fact,  tliere  are  only  one  or  two  months  durino;  the 
3'ear  when  the  force  is  not  busy  either  with  collections  or  the  making 
of  new  loans. 

The  fact  that  profits  are  small  may  also  be  attributed  to  the  high 
costs  of  operating  over  a  wide  territory.  Most  of  the  corporations 
included  in  this  study  operate  throughout  a  whole  State,  and  the 
loans  are  often  widely  scattered.  It  is  not  uncommon  to  find  only  one 
loan  in  a  county.  Under  these  conditions,  the  expense  of  providing 
even  a  mininmm  amount  of  supervision  over  the  loans  is  excessive. 
The  manager  himself  is  not  able  to  cover  the  territory,  and  a  field 
staff  must  be  employed.  Automobiles  must  be  provided  and  main- 
tained, and  living  expenses  must  be  paid  while  the  field  men  are  away 
from  home.    Long-distance  telephone  calls  are  often  necessary  for  the 

DOLLARS 

MILLIONS 


3 
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1925 
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FIGURE    8.— PRODUCTION    LOANS    AND    REDISCOUNTS    FOR    FOUR   AGRICUL- 
TURAL Credit  Corporations 

The  shape  of  the  curves  indicates  the  extreme  seasonal  character  of  the  business. 
Loans  start  in  the  late  winter  or  early  spring,  rise  to  a  peak  in  August,  and 
are  largely  liquidated  by  the  end  of  October  or  November.  (Data  on  which  these 
curves  are  based  consist  of  the  month-end  balances  of  the  loan  and  the  rediscount 
accounts.) 

field  force  to  keep  in  touch  with  the  corporation  office.  Because  of 
the  scattered  character  of  the  business,  much  correspondence  is 
necessary;  a  sample  of  12  loans  of  one  corporation  indicated  an 
average  of  24  pieces  of  correspondence  per  loan.  Excessive  corres- 
pondence means  a  large  outlay  for  stenographic  service  and  postage. 
Another  factor  contributing  to  the  scarcity  of  profits  has  been  the 
small  size  of  the  loans.  Table  22  indicates  that  for  four  corporations, 
in  which  the  average  size  of  loan  was  $965  and  the  median  size  was 
$494,  the  excess  of  income  over  interest  costs  per  loan  was  $22,  where- 
as for  a  fifth  corporation  whose  loans  averaged  $13,457,  the  excess  of 
income  over  interest  cost  was  $171  per  loan.  Since  the  cost  of  making 
and  servicing  a  small  loan  is  little  if  any  less  than  the  cost  for  a 
large  loan  it  is  obvious  that  the  small  size  of  loans  constitutes  a  real 
handicap. 
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One  of  the  most  important  causes  of  the  unprofitable  showing 
made  by  the  corporations  has  been  the  inadequacy  of  operating  mar- 
gins on  recliscounted  loans.  If  reference  is  made  to  Table  22,  it 
may  be  observed  that  the  average  cost  per  dollar  of  loan,  exclusive 
of  interest  costs  for  four  corporations,  was  2.34  cents,  whereas  the 
income  from  rediscounted  loans  under  the  2  per  cent  spread  effective 
until  April,  1931,  was  as  much  as  2  cents  only  if  the  loan  had  been 
outstanding  the  full  year.''  Actually  the  loans  were  outstanding 
only  about  seven  months.  It  is  obvious  that  in  the  case  of  those  cor- 
porations the  income  from  rediscounted  loans  was  insufficient  to  meet 
the  0}3erating  expenses.  It  was  only  through  the  income  from  loans 
not  rediscounted  on  which  the  corporation  earned  the  full  interest 
collected  that  the  corporations  were  able  to  come  through  the  years 
without  a  large  operating  deficit. 

COMPARISON  WITH  EARNINGS  AND  EXPENSES  OF  BANKS 

The  insufficiency  of  the  fi/j  i)er  cent  and  the  2  per  cent  spread  in 
earnings  may  be  further  shown  by  a  comparison  of  the  earnings  and 
expenses  of  these  corporations  with  those  of  commercial  banks.  A 
comparison  was  made  of  the  operating  ratios  of  the  corporations, 
those  of  all  member  banks  in  the  Federal  reserve  system,  and  those 
of  national  banks  outside  of  reserve  cities  in  the  same  four  States 
as  these  agricultural  credit  corporations.^  This  latter  group  of 
banks  operates  under  conditions  similar  to  the  conditions  under  Avhich 
the  credit  corporations  operate.  Table  23  and  Figure  9  show  a  com- 
parison of  the  interest  costs,  operating  expenses,  and  profits  of  these 
banks  and  the  credit  corporations,  expressed  as  percentages  of  total 
income. 


Taime  23. — A  comparison  of  tJic  opcraiing  results  of  Jxinks  (Did  aprirultiirdl 

credit  corporations 

[Data  for  the  banks  were  obtained  from  the  Federal  Reserve  Bulletin  for  July,  1930,  and  the  Report  of 

the  Comptroller  of  Currency  for  1929] 


Item 


Income 

I  nterest  costs 

Oross  profit 

Other  operating  exi)enses.. 

Net  operating  profit 
Net  adjustments 

Net  profit  •• 


Member  banks, 

Federal  reserve 

system,  1929 


1.000 
dollars 
2,  474, 099 
823,  525 


1,  650,  574 
860,  195 


790,  379 
-233, 865 


556,  514 


Per 

cent 

100.0 

33.3 


f.G.7 
34.8 


31.9 
-9.4 


22.5 


National 
banlvS  outside 

of  reserve 

cities  in  the 

same  four 

States  as  the 

credit  corpor- 

tions,  1929 


1,000 
dollars 
58, 080 
14,612 


43,  408 
26,  109 


17,  359 
-6. 937 


10, 422 


Per 

cent 

100.0 

25.  2 


74.8 
44.9 


29.9 
-11.9 


17.9 


Four  aericultural  credit  cor- 
porations, 1925-1929 


Actual 


Dollars 
704,  532 
370,  720 


333.  812 
325,  9(52 


7,851 
-6.  090 


1,  161 


Per 

cent 

100.0 

52. 6 


47.4 
40.3 


1.1 
-.9 


Estimated  for 
1  per  cent  ad- 
ditional mar- 
gin of  income 


Dollars 
784,  803 
370,  720 


414,083 
325,  *,»62 


88,  121 
-6,690 


81,431 


Per 

cent 
100.0 
47.2 


52.8 
41.5 


11.2 
-.9 


10.4 


"  Reliance  should  not  Uo  plncod  upon  the  final  not  profit  figures  of  the  coriioratlons  because  the  losses 
sustained  by  some  corijoratiuus  wore  nut  included  in  the  udjustuiculs  to  opuruting  profit. 

•AKhniiuh  tho  excpss  of  inronio  ovor  interest  oo.st  por  dollar  of  loan  is  shown  in  Tabic 
22  to  !)"■  more  llinn  2  cents,  tliat  excess  Is  dm'  in  part  to  the  fact  that  2.'>  to  40  per  cent 
of  the   loans  nre  mil    rediscounted. 

'I»alu  fur  the  hanks  were  olitaiin'd  from  tlii'  following  piil)lioations  :  Fedeual  Rf.skuvb 
IU).M!i>.      KAKMNds    AM)    Kxi'EN.sics    (iii>    MEMiiKit    HANKS.       Fed.    Reserve    Hul.    10:411-413, 

l!l.'!<».  I'OLB,  .1.  W.  UlOI'OItT  <IK  THE  ('(IMP  rUoLI.EK  OK  THE  CIHtllENCY.  IN  ANNHAI,  RRPOKT 
or  TIMO  SECKETAIIY  (il'  TJIIO  TUEASUHY  ON  TIIK  STATE  OP  TUB  FINANCES  ♦  ♦  ♦  1029. 
l'J30. 
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Whereas  the  corporations  paid  out  53  per  cent  of  their  income  for 
interest,  the  national  banks  in  the  same  four  States  paid  only  25  per 
cent  and  the  banks  in  the  Federal  reserve  system  33  per  cent.  Other 
operatin*^  expenses  of  the  corporations  took  up  46  per  cent  of  their 
income,  those  of  one  g:roup  of  banks  45  per  cent,  and  those  of  the  other 
group  35  per  cent.  The  small  interest  costs  for  banks,  particularly 
the  ones  in  the  Southern  States,  reflect  the  fact  that  a  large  part  of 
the  loanable  funds  is  obtained  from  noninterest-bearing  demand 
deposits.  As  a  matter  of  fact,  a  large  part  of  the  operating  ex- 
l)enses  of  these  banks  is  really  part  of  the  cost  of  getting  loanable 
funds,  for  much  of  the  labor  cost  is  attributable  to  the  deposit 
activities  of  the  banks  rather  than  to  their  direct-lending  operations. 


MEMBER  BANKS 

FEDERAL  RESERVE 

SYSTEM.  1929 


PE-R  CENT 


75 


BANKS 

NATIONAL  BANKS  OUTSIDE  or 

RESERVE  CITIES  IN  THE  SAME 

■♦  STATES  AS  THE  CREDIT 

CORPORATIONS.  1929 


if  CREDIT  CORPORATIONS.  1925-1929 


ESTIMATED  FOR 

I  PER  CENT  ADDITIONAL 

MARGIN  OF  INCOME 


50 


25 


Interest  costs 


Net  operating pf»fit 


Expressed  in  per  cent  ot  total  income 


figure  9.— operating  results  of  banks  and  agricultural  credit 

Corporations 

The  operating  results  of  four  agricultural  credit  corporations  are  here  compared 
with  the  operating  results  of  national  banks  outside  of  reserve  cities  in  the  same 
four  States  and  with  those  of  the  member  banks  of  the  Federal  reserve  system. 
The  corporations  earned  a  much  smaller  percentage  of  profit  than  either  group 
of  banks.  The  operating  profits  would  have  increased  from  1  to  11  per  cent  if 
the  corporations  had  earned  an  additional  1  per  cent  of  interest  on  their  loans. 
(Data  for  banks  were  obtained  from  the  Federal  Reserve  Bulletin,  July,  1930, 
and  the  Report  of  the  Comptroller  of  Currency  for  1929.) 

Whatever  the  proper  division  may  be  between  cost  of  getting 
funds  to  lend  and  other  operating  expenses  of  the  banks,  the  fact 
stands  out  clearly  that  the  sum  of  these  two  items  represents  to  the 
banks  only  about  YO  per  cent  of  the  income,  whereas  for  the  corpo- 
rations it  represents  99  per  cent.  Thus  the  corporations  have  an 
operating  profit  of  1  per  cent,  as  compared  with  the  30  per  cent  for 
the  banks. 

The  data  in  Table  23  on  which  Figure  9  is  based  are  taken  from 
the  period  prior  to  the  date  on  which  the  corporations  were  per- 
mitted to  increase  their  margin  of  earnings  to  3  per  cent.  The  last 
section  of  Table  23  and  of  Figure  9  indicate  what  the  ratios  would 
have  been  if  an  additional  1  per  cent  margin  had  been  allowed.  Net 
operating  profit  would  have  been  11  per  cent  of  the  income,  assum- 
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mg  that  the  increase  of  earnings  woiihl  have  had  no  effect  on  the 
voliune  of  loans  and  the  amount  of  expenses. 

It  is  ])robabIe  that  the  increase  of  o])erating  spreads  allowed  the 
corporations  will  have  a  wholesome  effect  on  this  system  of  farm 
credit.  The  previous  limitation  of  rates  was  an  effort  to  protect  the 
farmer,  but  to  a  certain  extent  the  effort  was  self-defeating.  Profits 
were  so  limited  that  private  capital  seeking  profitable  investment  did 
not  freely  enter  the  business.  As  a  consequence,  borrowers  have 
had  to  purchase  the  stock  of  the  corporations  themselves,  and  thus 
in  a  sense  they  have  obtained  loans  onl}'  by  cooperative  endeavor.  As 
a  consequence  of  their  investment  in  the  corporations,  on  which  they 
have  usually  suffered  a  loss  of  income  and  often  of  principal,  their 
loans  have  cost  them  more  than  the  regular  interest  charge. 

If  the  additional  profit  allowed  the  corporations  will  attract  pri- 
vate capital  or  if  it  will  enable  the  borrower  stockholders  to  obtain 
a  return  on  their  investment  in  the  form  of  dividends  on  their  stock, 
the  increase  in  rates  will  be  well  worth  while.  Nor  is  it  probable  that 
the  added  margin  of  earnings  permitted  the  corporations  will  make 
the  costs  to  the  borrower  so  high  that  this  type  of  credit  will  not 
be  wanted  by  the  farmer.  The  average  borrower  of  these  corpora- 
tions is  interested  in  getting  the  advance  of  credit  at  any  reasonable 
rate  and  is  not  borrowing  to  save  the  small  excess  of  interest  he 
would  pay  elsewhere. 

SUPPLEMENTARY  SOURCES   OF  INCOME 

Because  the  income  from  interest  was  insufficient  to  meet  the  needs 
of  these  corporations  several  of  them  have  found  supplementary 
sources  of  revenue.  One  of  the  most  successful  attempts  to  add  a 
source  of  revenue  has  been  the  practice  on  the  part  of  a  certain 
corporation  of  trading  in  its  own  stock,  a  discussion  of  which  is 
included  below.  Another  of  the  corporations  attempted  to  add  the 
selling  of  fertilizer  as  an  additional  line  of  activity,  but  the  Federal 
intermediate  credit  bank  refused  to  rediscount  the  paper  originating 
in  such  sales  on  the  ground  that  it  was  mercantile  rather  than  agri- 
cultural paper.  Some  corporations  sell  fertilizer  through  a  supply 
corporation,  also  a  subsidiary  of  the  cotton  cooperative  associations, 
but  in  such  cases  the  profits  do  not  go  to  the  finance  company  itself 
but  to  one  of  the  group  of  organizations  of  which  it  is  a  part. 

INCOME-TAX   PROVISIONS 

The  provision  of  the  internal  revenue  act  that  exempts  agricul- 
tural credit  corporations  affiliated  with  farmers'  cooperative  market- 
ing associations  from  corporate-income  taxation  is  seldom  used. 
T5ut  it  is  interesting  tlint  such  coi-poi-ations  are  exempt  if  the  divi- 
dend rate  is  limited.  The  foHowing  )>aragra])h  is  taken  from  section 
108  of  the  revenue  act  of  1928  from  among  the  list  of  organizations 
specifically  exempted. 

(irj)  rorponilions  orgiiiiizod  by  an  associMticm  oxomiit  iiiulor  tlio  provisions 
of  paraKiiiiih  (ll'),  or  meiuluT.s  tlicroof,  for  tlio  purpose  of  linanciuj;  the  ordi- 
nary crop  oi»erations  of  sucii  nicnilH'rs  or  other  producers,  and  operated  in 
<"onjiiii(ti(tn  witii  such  associalioii.  Kxeniittion  sliall  not  ho  denied  any  such 
<-or])oi-ali()n  hecausi?  it  lias  ("i|iita!  stoclc,  if  the  dividend  rate  of  sucli  stock 
is  fixed  a  I  not  to  exceed  the  legal  rate  of  interest  in  the  State  of  incorporation 
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or  8  per  centum  per  anmini.  whichever  is  greater,  on  the  value  of  the  con- 
sideration for  which  tlie  stock  was  issued,  and  if  suhstantially  all  such  stocls 
(other  than  nonvoting  preferred  stock,  the  owners  of  which  are  not  entitled  or 
permitted  to  participate  directly  or  indirectly,  in  the  profits  of  the  corporation, 
upon  dissolution  or  otherwise,  beyond  the  fixed  dividends)  Is  owned  by  such 
association,  or  members  thereof ;  nor  shall  exemption  be  denied  any  such  cor- 
poration because  there  is  accumulated  and  maintained  by  it  a  reserve  required 
by  State  law  or  a  reasonable  reserve  for  any  necessary  purpose. 

At  least  three  of  the  corporations  studied  have  provisions  limiting 
the  amount  of  dividends  that  can  be  paid  and  thereby  qualify  for  ex- 
emption from  the  Federal  income  tax. 

DIVIDENDS,  RESERVES,  AND  SURPLUSES 

Little  need  be  said  regarding  the  dividend  and  reserve  policies  of 
these  corporations.  Only  one  corporation  pays  dividends  and  that 
is  made  possible  largely  because  the  cotton  association  pays  the 
operating  expenses.  The  dividend  rate  of  this  corporation  is  8  per 
cent.  The  other  corporations,  with  one  exception,  have  not  had 
sufficient  earnings  to  pay  dividends. 

The  size  of  reserves  has  generally  been  determined  by  the  amount 
available  and  not  by  the  need  for  them.  One  corporation  made  a 
special  charge  to  borrowers  of  1  per  cent  of  the  loan  to  be  placed  in 
a  "  reserve  for  losses,"  but  this  practice  has  been  discontinued. 

Accumulations  of  surplus  have  been  small  with  the  exception  of 
those  of  the  corporation  mentioned  above  which  turned  its  reserves 
for  losses  into  the  surplus  account.  In  some  cases  large  deficits  have 
occurred.  Table  24  shows  the  status  of  the  net  worth  of  five  cor- 
porations as  of  the  close  of  the  1929  lending  season. 

Table  24. — Capital  stock,  surplus,  and  deficits  for  five  corporations  as  of  the 

close  of  the  1929  season 


Corporation 

Capital 
stock 

Reserves 

Surplus 
or  undi- 
vided 
profits 

Deficit 

Estimated 

losses  not 

shown  in 

balance 

sheet 

Net 
worth 

A                            

Dollars 
150,000 
365,  352 
300,000 
113,350 
275,  660 

Dollars 

Dollars 

22,  968 

102,  958 

6,899 

Dollars 

Dollars 

Dollars 
172, 968 

B     .        

21,810 
8,970 

2,500 

43,000 

38,000 

237,  933 

487,  620 

C 

272, 869 

D 

1,569 
21,  523 

73,  781 

E 

16,  204 

Total - 

1,204,362 

Per  cent 
100.0 

30,780 

Per  cent 
2.56 

132,  825 

Per  cent 
11.03 

23,092 

Per  cent 
1.92 

321,433 

Per  cent 
26.69 

1, 023, 442 

Percentage  of  capital  stock   •.  . 

Per  cent 
84.98 

SPECIAL  PROBLEMS  OF  CREDIT  CORPORATIONS 

OWNERSHIP   OF  STOCK  BY  BORROWERS 

It  has  been  practically  impossible  to  sell  the  stock  of  these  credit 
corporations  to  investors  seeking  profitable  investments.  Further- 
more, few  of  the  cooperative  associations  were  able  or  inclined  to 
buy  all  or  even  a  large  part  of  the  stock  themselves.  As  a  conse- 
quence, borrowers  in  most  of  the  corporations  have  been  required  to 
buy  stock  as  a  condition  of  getting  the  loan.  The  amount  of  stock 
that  the  borrower  has  been  required  to  own  has  usually  been  10  per 
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cent  of  the  loan.  This  plan,  adopted  in  the  early  years,  was  modeled 
somewhat  after  the  national  farm  loan  associations  of  the  Federal 
land  bank  system.  The  ownership  of  the  corporation  by  the  bor- 
rowers makes  the  enterprise  very  much  of  the  nature  of  a  farmers' 
cooperative  orp;anization. 

In  the  case  of  some  of  the  corporations,  the  borrowers  were  permit- 
ted to  purchase  the  stock  out  of  the  funds  obtained  from  the  loan. 
Thus  those  individuals  were  able  to  purchase  the  stock  and  pledge 
it  as  security  without  the  advance  of  any  funds  of  their  own.  The 
legal  department  of  the  Federal  Intermediate  Credit  Bank  of  Colum- 
bia has  ruled  that  such  use  of  funds  obtained  from  the  bank  is  illegal 
under  the  terms  of  the  law,  on  the  grounds  that  it  is  not  an  agricul- 
tural purpose.  This  bank  requires  all  borrowers  to  state  in  writing 
that  none  of  the  funds  obtained  from  the  bank  will  be  used  for  the 
purchase  of  stock  of  an  agricultural  credit  corporation. 

It  has  sometimes  been  implied  that  collateral  in  the  form  of  stock 
bought  out  of  the  proceeds  of  the  loan  is  no  better  than  none  because 
the  individual  himself  contributes  nothing  as  security,  the  bank  not 
only  furnishing  him  money  but  also  buying  his  stock.  This  implica- 
tion is  only  partly  true. 

The  matter  may  be  considered  from  two  points  of  view.  From  the 
standpoint  of  the  security  of  the  corporation  on  each  particular  loan 
such  practice  does  not  materially  aid  the  corporation.  It  results  in 
a  debt  approximately  10  per  cent  larger  than  would  otherwise  have 
occurred.  If  the  farmer  is  unable  to  repay  any  more  than  the  portion 
of  the  loan  that  went  into  the  crop,  then  the  additional  security  in  the 
form  of  unpaid  stock  is  ineffective  as  collateral.  The  corporation 
may  resell  it,  but  in  that  event,  the  corporation  is  no  better  off  than  if 
the  borrower  had  never  owned  the  stock.  The  only  added  advantage 
which  the  corporation  basis  that  its  claim  against  the  borrower,  after 
all  other  security  has  been  exhausted,  is  larger  than  it  would  have 
l)een  without  the  stock  arrangement.  This  additional  claim  may  be 
effective  if  a  judgment  is  secured  or  may  be  well  worth  while  if  the 
following  crop  is  successful. 

From  the  standpoint  of  the  security  for  the  group  as  a  whole, 
however,  much  can  be  said  for  the  plan  of  requiring  the  borrowers  to 
take  stock  even  though  they  pay  for  it  out  of  tlie  loans.  Although 
some  individual  borrowers  may  not  be  able  in  the  fall  to  pay  for  their 
stock  in  addition  to  repaying  the  loan  on  their  crops,  many  of  them 
will.  The  amount  thus  paid  in  will  provide  the  corporation  with  a 
capital  fund  to  meet  the  losses  on  those  accounts  that  can  not  l)e  col- 
lected. Thus  for  the  group  as  a  whole,  stock  purcjiased  out  of  the  pro- 
ceeds of  the  loans  serves  fairly  well  for  security  although  not  so  well 
as  stock  purchased  for  cash. 

One  of  the  most  objectionable  features  of  the  ownership  of  stock 
by  the  borrowers  is  that  the  situation  is  often  misunderstood.  The 
borrower,  a  farmer  who  has  very  little  acquaintance  with  financial 
matters,  considei's  tliut  the  stock  he  has  been  re(|ui!-o(l  to  buy  is  of  the 
same  nature  as  the  note  he  has  given  to  the  c<)i'j)oi-:itioii.  He  often 
feels  that  if  he  repays  his  note  the  cori)oration  should  refund  him  the 
value  of  the  stock.  In  many  cases  where  it  has  been  diflivult  to  col- 
lect the  loau,  the  borrower  has  coiitended  that  if  the  corporation 
would  repay  him  the  value  of  his  stock  he  would  pay  to  the  corpora- 
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tion  the  balance  on  his  loan.  He  often  feels  it  an  injustice  that  he 
should  be  re(iuire(l  to  pay  his  note  in  full  and  yet  not  <xet  back  the 
money  he  contributed  to  the  formation  of  the  corporation.  Such  a 
misunderstanding  causes  trouble  and  gives  the  corporations  and  tha 
Federal  intermediate  credit  system  a  bad  reputation.  In  fact,  some 
persons  have  felt  that  this  is  the  principal  reason  why  the  practice 
should  be  abandoned. 

The  enforced  purchase  of  stock  by  borrowers  is  made  more  unsatis- 
factory by  the  frequent  occurrence  of  depreciation  in  the  value  of  the 
stock.  The  value  is  largely  dependent  upon  four  factors:  (1)  Divi- 
dends received,  (2)  services  received,  (3)  the  market  for  the  stock, 
and  (4)  its  ultimate  liquidating  value.  Dividends  have  been  paid 
on  the  stock  of  only  one  of  the  corporations  in  this  study.  Conse- 
quently, return  on  investment  in  the  form  of  dividends  does  not  con- 
tribute toward  supporting  the  value  except  in  that  one  case.  The 
service  received  by  many  individuals  is  sufficient  to  justif}^  the  own- 
ership of  the  stock,  and  if  the  borrower  is  satisfactorily  obtaining  a 
loan  every  year  he  has  little  desire  to  get  rid  of  his  stock.  In  such 
cases,  the  stock  continues  to  have  a  value  for  the  owner.  But  in 
the  case  of  persons  who  have  discontinued  borrowing  the  situation  is 
entirely  different.  They  are  able  to  benefit  from  the  stock  neither 
through  dividends  nor  through  service.  Moreover,  there  is  practi- 
cally no  market  for  the  stock.  Some  corporations  act  as  resale  agents, 
selling  the  stock  to  new  borrowers,  but  most  of  them  are  unable  either 
legally  or  financially  to  repurchase  the  stock  for  holding  in  the  treas- 
ury. Consequently,  there  is  a  ready  market  for  the  stock  only  while 
the  corporation  is  expanding  and  gaining  more  borrowers  than  it  is 
losing. 

One  of  the  credit  corporations  makes  trading  in  its  own  stock  an 
important  supplementary  source  of  income.  Borrowers  are  required 
to  buy  stock  in  order  to  obtain  a  loan,  and  stock  purchased  from 
sources  other  than  the  corporation  is  not  acceptable.  Partly  for 
this  reason  and  partly  because  the  stock  does  not  pay  dividends, 
there  is  no  buyer  for  the  stock  except  the  corporation  itself,  and, 
being  the  sole  party  interested  in  buying  the  stock,  the  corporation 
can  set  its  own  price. 

The  price  it  offers  depends  on  the  borrower's  record.  If  his 
account  has  been  hard  to  collect  and  has  thus  involved  extra  expense, 
the  corporation  will  not  offer  full  value  for  the  stock.  If  on  the 
other  hand  the  individual's  account  has  been  a  good  one,  and  he  does 
not  need  to  borrow  further,  the  corporation  will  buy  his  stock  for  the 
full  value.  But  since  most  of  those  who  do  not  borrow  again  have 
had  unsatisfactory  records,  the  price  is  usually  nuicli  below  par 
value.  In  fact,  the  average  price  paid  has  been  slightly  less  than  50 
per  cent  of  par  value.  The  owner  sells  at  that  price  because  it  is 
his  onh^  opportunity  to  sell.  The  corporation  then  resells  this  stock 
at  par  value  to  new  borrowers  and  makes  a  substantial  profit.  At 
the  time  the  study  of  that  corporation  was  made,  the  profits  from 
this  source  had  been  about  sufficient  to  absorb  all  of  the  losses  on 
loans. 

In  addition  to  providing  supplementary  income,  this  practice  has 
brought  about  some  very  satisfactory  results.     The  capital  of  the 
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corporation,  which  would  otherwise  have  been  impaired  through 
losses  on  loans,  is  kept  intact  and  the  balance  sheet  shows  a  surplus 
rather  than  a  deficit.  Had  the  corporation  sold  new  stock  to  new 
borrowers  instead  of  treasury  stock  the  corporation  would  have  ac- 
(juired  more  funds,  it  is  true,  but  the  capital  would  have  been  im- 
paired from  losses  on  loans.  With  the  capital  impaired  and  a  large 
amount  of  nondividend-pajdng  stock  in  the  hands  of  previous  bor- 
rowers with  no  buj^er  to  take  it,  the  market  value  of  the  stock  would 
have  dropped  very  near  to  zero,  and  would  probably  have  reflected  on 
the  credit  of  the  company.  Under  the  present  plan  the  corpora- 
tion's stock  has  a  probable  liquidating  value  equal  to  par  and  a 
market  value  equal  to  par  for  those  borrowers  whose  accounts  are 
satisfactor}'. 

It  has  been  contended  that  the  above  plan  is  merely  another  means 
of  increasing  the  charge  for  the  loan.  That  is  true  not  only  of  this 
plan  but  of  practically  all  plans  that  require  the  borrower  to  buy 
stock.  Borrowers  in  most  cases  must  purchase  stock  if  the  credit 
corporations  are  to  be  organized  at  all,  because  others  will  not 
invest  in  a  business  that  can  not  operate  at  a  profit.  The  cost  of  the 
loan  to  the  borrower  thus  includes  more  than  the  interest  paid. 
But  the  plan  outlined  is  one  by  which  the  extra  charge  is  largely 
placed  upon  the  borrower  who  contributes  to  the  high  cost  of  doing 
business  by  failing  to  pay  his  loan  promptly.  In  consideration  of 
the  extra  service  required  on  his  loan  and  the  extraordinary  risk 
involved  in  his  case,  the  cost  to  him  is  probably  not  excessive.  If  the 
loans  were  all  as  difficult  to  collect  and  as  hazardous  as  his  the  corpo- 
ration would  probably  fail  and  the  stock  would  be  worth  nothing. 

The  desirability  of  this  plan  depends  largely  on  the  character  of 
its  administration.  Improperly  used  it  can  work  a  serious  injus- 
tice. I*roperly  administered  it  can  be  equitable  and  still  provide  a 
substantial  supplementary  revenue. 

LOCAL  LOAN  GROUPS 

Several  of  the  corporations  have  experimented  with  local  loan 
groups.  These  are  unincorporated  organizations  of  borrowers,  usu- 
ally confined  to  one  locality  or  county,  which  operate  as  local  contacts 
for  State  corporations.  Borrowers  are  expected  to  own  stock  of  the 
State  corporation  and  all  members  of  the  group  mutually  pledge  the 
stock  they  own  for  loans  of  all  others  in  the  group.  In  other  words, 
the  stock  of  all  members  of  the  group  is  pooled  as  a  guarantee  of  any 
and  every  loan  within  that  group.** 

The  advantages  of  this  plan  are  (1)  that  the  mutual  guarantee 
strengthens  the  loans,  (2)  many  of  the  weaker  credit  risks  are  elimi- 
nated, for  members  of  the  groups  will  not  want  to  admit  them,  and 
(:})  the  corjioiation  is  able  to  dispense  with  some  of  the  field  work 
which  otherwise  would  be  necessary,  for  the  officers  of  the  local 
groups  will  do  part  of  that  work.  Moreover  the  cost  of  field  work 
will  be  kept  at  a  minimum,  for  loans  will  be  concentrated  in  certain 
sections. 

'I'here  are  several  objections  to  this  [)lan.  In  the  first  place,  the 
State  cori)orati()n  can  not  gi-ant  to  the  local  groups  the  discretion 
which  they  often  want  in  making  the  loans,  for  the  guarantee  (stock 

"  Si'p  apiiciidix  for  a  sauiple  copy  of  such  an  agrccmeut. 
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equal  to  10  per  cent  of  the  total  loans)  is  too  small  to  warrant  the 
grant  of  such  wide  powers.  In  the  second  place,  fai'niers  are  often 
too  independent  to  want  to  combine  with  others  and  guarantee  the 
payment  of  their  notes  even  to  a  limited  extent. 

Whereas  cooperative  credit  societies  are  common  among  European 
farmers,  the  American  farmer  is  an  individualist.  But  necessity  may 
drive  him  to  cooperate.  It  is  of  interest  that  four  corporations  in 
the  cotton  States  adopted  this  plan  in  1931,  although  these  four  are 
not  all  affiliates  of  the  cotton-marketing  associations.  If  prosperity 
returns  to  the  cotton  farmer,  it  is  possible  that  he  will  becomo 
dissatisfied  with  absorbing  the  losses  of  others  and  will  break  away 
from  the  local  groups.  Unfortunately  he  does  not  realize  that  when 
he  deals  independently  with  a  bank  or  credit  merchant  he  pays  for 
the  losses  of  the  others  in  the  form  of  interest  or  other  charges. 

A  modification  of  this  plan  of  mutual  guarantee  by  a  local  group 
is  found  in  one  of  the  corporations.  Some  of  its  loans  are  arranged 
for  it  through  local  banks  and  are  partially  or  in  full  guaranteed  by 
them.  Instead  of  the  borrowers  buying  stock,  the  bank  itself  may 
do  so  on  its  own  account.  By  pledging  all  of  this  stock  as  security 
for  any  and  every  loan  placed  through  it,  a  special  reduction  in 
the  cost  of  the  loan  to  the  borrower  is  obtained. 

EXTENT  OF  AFFILIATION  WITH  COOPERATIVE  MARKETING  ASSOCIATION 

Just  how  closely  the  cooperative  marketing  association  and  the 
credit  corporation  should  be  affiliated  is  an  unsettled  question. 
The  question  whether  a  cooperative  marketing  association  should 
purchase  the  stock  of  its  affiliated  credit  coiporation  might  be 
considered  first.  Various  practices  are  found  among  the  cotton 
associations.  The  marketing  association  in  Texas  owned  all  the 
stock  of  the  finance  corporation.  In  some  of  the  other  States,  the 
cooperative  has  owned  a  much  smaller  amount,  whereas  the  borrowers 
own  the  majority.  In  other  cases  the  cooperative  owns  none  of  the 
stock. 

The  source  of  funds  used  to  purchase  this  stock  is  ordinarily  the 
reserves  of  the  cooperative,  although  in  1930  two  of  the  associations 
borrowed  the  funds  from  the  Federal  Farm  Board.  It  is  doubtful 
whether  an  association  should  jeopardize  the  reserves  belonging  to  its 
members  or  its  own  credit  by  investing  money  in  the  stock  of  a 
finance  corporation,  particularly  when  such  organizations  in  many 
cases  have  proved  unprofitable.  Moreover,  there  is  a  serious  question 
of  equity  and  justice  among  the  members  involved.  As  a  rule  only 
a  small  portion  of  the  members  obtain  loans,  and  it  is  questionable 
whether  the  funds  belonging  to  all  of  the  members  should  be  invested 
and  jeopardized  for  the  benefit  of  only  a  few.  Of  course,  if  the 
added  volume  of  business  acquired  through  the  use  of  the  finance 
corporation  results  in  reducing  the  unit  costs  of  operating  to  a 
considerable  amount,  the  investment  might  be  profitable  for  non- 
borrowers  as  well  as  borrowers.  But  it  is  probable  that  such  reduc- 
tion in  cost  has  not  occurred  from  the  organization  of  most  of  the 
credit  corporations  affiliated  with  the  cotton  marketing  associations. 

Several  of  the  cooperative  associations  have  paid  the  salaries 
of  the  corporations'  employees,  and  some  have  paid  all  the  expenses 
of  their  finance  corporation.  These  expenses  may  be  divided  into 
two  classes,   (1)   direct  expenses  of  the  corporation  and   (2)   joint 
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expenses  that  the  cooperative  would  have  anyway  such  as  salaries 
of  their  field  men,  who  may  give  some  time  to  the  business  of  the 
corporation.  There  seems  to  be  little  question  but  that  the  coop- 
erative could  well  pay  the  joint  expenses  of  both  the  organizations 
since  it  would  have  to  pay  practically  that  amount  for  its  own  pur- 
poses. Whether  the  cooperative  should  pay  the  direct  expenses  of 
the  corporation  will  depend  upon  whether  the  benefits  to  it  are 
equivalent  to  the  outlay. 

Another  important  question  in  the  matter  of  affiliation  is  whether 
both  organizations  should  be  operated  under  the  same  manage- 
ment. There  are  several  advantages  of  close  affiliation.  The  work 
of  the  two  organizations  is  closely  coordinated  for  mutual  benefits, 
and  there  is  the  advantage  of  economy  in  operation.  On  the  other 
hand,  when  such  an  arrangement  exists,  the  members  seldom  dis- 
tinguish between  the  two  organizations.  Ill  feeling  caused  by  the 
refusal  to  grant  loans  or  vigorous  collection  methods  is  then  di- 
rected not  only  against  the  finance  corporation  but  against  the 
marketing  association  as  well.  In  fact,  such  an  arrangement  may 
result  in  the  loss  of  a  considerable  number  of  members.  Another 
objection  to  placing  the  finance  corporation  under  the  same  manage- 
ment as  the  cooperative  marketing  association  is  that  the  executives 
of  that  association  may  jeopardize  the  interests  of  the  stockholders 
of  the  finance  corporation  in  order  to  increase  the  membership  of 
their  association. 

One  of  the  largest  expenses  of  operating  both  a  cooperative  and 
a  credit  corporation  is  the  cost  of  maintaining  a  field  force  and 
of  paying  its  traveling  expenses.  If  the  field  men  of  the  cotton  as- 
sociation could  satisfactorily  take  care  of  the  credit  work  a  real 
savinofs  would  result.  But  the  use  of  the  field  staff  of  the  associa- 
tion by  the  corporation  has  often  proved  unsatisfactory.  Field 
men  are  usually  salesmen  and  not  credit  men.  The}'^  are  generally 
anxious  to  make  loans  in  order  to  get  new  members  and  are  seldom 
able,  or  willing,  to  judge  carefully  the  applications  for  loans.  Dur- 
ing the  picking  season,  when  they  should  be  busy  signing  up  new 
members,  their  time,  if  they  represent  both  organizations,  is  used 
in  checking  up  on  borrowers  to  see  that  loans  are  paid.  Thus 
valuable  time  is  lost  from  their  principal  work.  Moreover,  while 
enforcing  the  collection  of  loans,  they  are  likely  to  make  enemies 
rather  than  friends. 

It  has  been  thought  by  some  that  the  best  plan  is  for  the  corpora- 
tion to  have  a  small  force  of  field  men  of  its  own,  and  to  have 
the  association's  field  men  serve  only  in  an  advisory  capacity,  and 
as  a  source  of  information  relative  to  the  credit  standing  of  indi- 
viduals and  to  the  amount  of  cotton  tliey  liave  to  deliver. 

EXCESSIVE  HAZARDS  OF  THE  LOANS 

One  of  the  chief  problems  of  the  agricultural  credit  corporations 
that  finance  cotton  production  is  the  hazardous  character  of  the  loans. 
The  single-crop  system  causes  the  creditor  to  take  an  excessive 
amount  of  risk.  The  success  of  the  crop  is  dependent  on  the  weather 
conditions,  and  heavy  rains,  hail,  drought,  or  floods  may  practically 
destroy  the  whole  crop.  Furthermore,  the  crop  is  subject  to  boll- 
weevil  and  other  insect  infestation  which  may  also  completely  de- 
stroy it.     Last  of  all  the  repayment  of  the  loan  depends  to  a  large 


AGRICULTURAL   CREDIT   CORPORATIONS  53 

extent  on  the  price  obtained  for  the  crop.  In  past  years  when  cot- 
ton prices  have  been  high,  it  has  often  been  profitable  to  plant  all  the 
land  in  cotton  and  to  buy  all  of  the  feed  and  food  necessary. 
This  practice  has  been  carried  over  into  years  when  cotton  prices 
were  low  and  has  contributed  greatly  to  the  hazards  of  lending. 

Another  factor  contributing  to  the  hazards  of  lending  to  the  cot- 
ton farmer  has  been  the  excessive  use  of  credit.  This  is  largely  a 
result  of  the  single-crop  system  whereby  the  farmer  devotes  his  en- 
tire time  to  the  production  of  a  cash  crop  instead  of  providing  a  liv- 
ing for  himself  on  the  farm.  As  a  consequence  it  is  necessary  to  buy 
a  large  part  or  all  of  the  provisions,  most  of  which  have  to  be  ob- 
tained on  credit.  Periods  of  high  prices  for  cotton  during  the 
World  War,  and  during  some  years  since  the  war,  have  made  it  rel- 
atively easy  to  repay  large  loans  out  of  the  proceeds  of  the  crop, 
but  with  low  prices  of  cotton  the  advances  to  which  farmers  were 
accustomed  have  proved  excessive. 

One  of  the  most  important  causes  of  the  credit  difficulties  of 
farmers  is  the  fact  that  they  have  accumulated  little  property. 
]\Iany  farms,  after  a  hundred  or  more  years  of  cultivation,  show 
nothing  in  the  form  of  accumulated  wealth  except  a  few  dilapidated 
dwellings,  a  little  machinery,  and  several  poorly  fed  animals.  The 
accumulation  of  wealth  often  amounts  to  far  less  than  the  depletion 
in  the  fertility  of  the  soil.  Although  some  farmers  have  made  sub- 
stantial outside  investments,  many  of  them  have  little  or  noth- 
ing more  than  their  farm  properties,  wdiich  often  are  heavily  mort- 
gaged. As  these  represent  most  of  the  accumulated  wealth,  borrow- 
ing must  be  based  largely  on  w^ealth  yet  to  be  created  and  loans  must 
be  secured  primarily  by  a  crop  not  yet  grown ;  the  creditor's  partici- 
pation in  the  growing  of  a  crop  on  this  basis  is  but  little  more  than 
a  partnership  interest. 

If  the  farmer  has  accumidated  some  wealth  in  the  form  of  live- 
stock, equipment,  and  land  free  from  mortgage,  or  investments,  he  is 
able  to  borrow  much  more  easily  and  at  a  lower  cost.  Such  a  loan 
is  less  hazardous  to  the  creditor  because  it  can  be  secured  by  existing 
property  and  can  be  liquidated  regardless  of  wdiether  the  crop  is  a 
success.  Moreover,  when  a  loan  is  based  upon  sound  security,  less 
consideration  need  be  given  by  the  creditor  to  the  borrower's  plan 
of  operation.  Little  or  no  need  w^ill  arise  for  supervising  the  opera- 
tions of  the  borrower  or  for  watching  to  see  that  he  applies  the 
income  from  the  crop  to  the  debt.  As  a  consequence,  the  cost  of 
making  and  servicing  the  loan  will  be  less,  and  under  competitive 
conditions,  this  reduction  of  cost  to  the  creditor  should  be  reflected 
in  a  reduction  of  charges  to  the  borrower. 

It  is  possible  that,  should  agricultural  credit  corporations  owned 
by  borrowers  prove  to  be  successful  and  stable  institutions,  they  may 
become  a  satisfactory  place  for  permanent  and  extensive  investments 
by  farmers.  If,  instead  of  requiring  the  borrower  to  take  stock  equal 
to  10  per  cent  of  his  loan  the  first  year  only  they  should  require  the 
borrower  to  take  stock  equal  to  5  or  10  per  cent  of  his  loan  every  year, 
the  farmer  would  soon  acquire  a  substantial  investment.  As  his  in- 
vestment in  the  corporation  increases,  it  should  become  increasingly 
easier  every  year  for  him  to  obtain  the  credit  needed  for  farming 
operations  because  the  margin  of  safety  to  the  corporation  would 
become  greater  every  year.     Ultimately,  if  he  owns  stock  equal  to  the 
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amount  of  credit  he  needs  to  grow  his  crops  he  should  be  able  to  ob- 
tain a  loan  by  merely  pledging  his  stock  and  giving  a  mortgage  on 
his  crop.     Little  if  any  investigation  would  be  needed. 

This  plan  would  not  only  make  it  easier  for  the  grower  to  obtain 
his  loan,  but  it  would  tend  to  reduce  the  costs  of  the  loan  to  him  for 
the  lower  cost  of  operation,  and  the  smaller  losses  of  the  corporations 
should  be  reflected  back  to  the  stockholder.  The  corporation  would 
gradually  accumulate  a  capital  sufficient  to  make  a  large  portion  of 
its  loans  out  of  its  own  funds.  With  plenty  of  capital  and  plenty 
of  loans  to  offer  as  collateral,  it  could  more  easily  borrow  what  funds 
it  needed  from  the  Federal  intermediate  credit  bank,  and  in  this  way 
the  operation  of  the  corporation  would  be  facilitated. 

This  plan  could  be  recommended  only  in  case  an  agricultural  credit 
corporation  proved  to  be  a  sound,  stable  institution  in  which  there 
was  little  risk  of  impairment  of  capital.  It  would  be  unwise,  at 
present,  to  recommend  that  farmers  invest  a  large  part  of  their  sav- 
ings in  these  institutions.  It  is  hoped  that  with  the  recent  increase 
of  1  per  cent  in  the  margin  of  earnings  allowed  the  corporations, 
these  organizations  will  become  stronger  and  more  substantial.  In 
that  event  they  may  be  recommended  to  farmers  as  a  satisfactory 
place  for  the  investment  of  accumulated  savings. 

AN  APPRAISAL  OF  THE  CORPORATIONS 

An  appraisal  of  the  corporations  included  in  this  study  should 
include  a  consideration  of  three  factors:  (1)  Importance  of  agri- 
cultural credit  corporations  as  a  source  of  farm  credit,  (2)  desira- 
bility of  state- wide  operations,  and  (3)  affiliation  with  cooperative 
marketing  associations. 

AGRICULTURAL  CREDIT  CORPORATIONS  AS  A  SOURCE   OF  CREDIT   FOR  FARMERS 

As  a  source  of  credit  for  cotton  farmers,  the  agricultural  credit 
corporations,  from  some  standpoints,  compare  very  favorably  with 
other  agencies.  If  they  have  the  necessary  capital,  there  is  prac- 
tically no  limit  to  the  amount  of  loanable  funds  which  is  available 
through  them  on  good  paper.  The  Federal  intermediate  credit  banks 
tap  an  immense  reservoir  of  credit  which  Avould  not  be  seriously 
affected  by  failure  of  the  cotton  crop  in  one  particular  State  or  area. 

The  case  is  different  for  most  local  lending  agencies.  Both  the 
local  banks  and  the  local  credit  merchants  are  adversely  affected  by 
poor  crops  in  their  territory  because  they  depend  to  a  large  extent 
on  local  funds  for  lending  purposes.  Moreover,  in  the  same  years 
tliat  local  funds  are  at  a  low  level  because  of  a  poor  crop  or  poor 
])ric('s,  the  credit  of  these  local  agencies  with  large  cit}'  banks  and 
merchandise  companies  is  restricted.  Thus  failure  of  a  crop  or  a 
])oor  price  results  in  a  scarcity  of  loanable  funds  and  a  restriction 
on  loans  the  following  year  not  only  for  farmers  whose  credit  is 
impaired  but  for  tliose  Avhosc  credit  is  sound.  On  the  other  hand, 
if  an  agricidtui-al  ci'cdit  corporation  can  keep  its  capital  from  being 
.seriously  impaired  in  a  bad  year  or  can  increase  the  capital  readily 
by  selling  more  stock,  it  has  an  almost  unlimited  source  of  credit 
avail;tl)le  foi"  good  pajjcr  in  tlie  following  year. 

It  has  often  been  contended  that  agricultural  credit  corporations 
arc  better  suited  to  liandle  crop-|)i-o(hiction  credit  tlian  are  connner- 
cial  banks;  that  they  do  not  have  demand  liabilities  (deposits)  and 
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consequently  are  able,  without  incurrintr  as  great  risks,  to  loan  on 
paper  of  the  term  of  eight  or  nine  months  needed  for  the  crop.  Cer- 
tain studies  have  shown,  however,  that  banks  in  some  areas  can 
satisfactorily  carry  paper  with  a  term  of  a  year  or  more  in  their 
portfolios.^  In  an  area  with  highly  seasonal  credit  needs,  such  as 
the  Cotton  Belt,  the  banks  probably  feel  more  strain  at  the  peak 
of  the  season  than  do  the  agricultural  credit  corporations.  At  the 
same  time  that  the  loans  of  the  banks  are  approaching  a  peak  as  a 
result  of  seasonal  requirements  for  the  farming  operations  of  bor- 
rowers the  depositors  are  withdrawing  their  funds  for  use  in  their 
own  farming  operations.  But  again,  it  is  difficult  to  generalize, 
for  many  banks  in  the  cotton  area  are  able  to  borrow  from  the  city 
correspondents  or  to  rediscount  paper  with  them  at  the  peak  of  the 
lending  season. 

Agricultural  credit  corporations  are  probably  better  prepared  to 
extend  credit  to  farmers  than  are  most  merchants.  Analyzing  credit 
risks  is  the  principal  work  of  the  personnel  of  the  credit  corpora- 
tions, whereas  it  is  often  a  secondary  and  incidental  task  for  the 
merchants.  In  fact,  analysis  of  the  farmers'  financial  statements 
and  other  data  are  the  exceptions  and  not  the  rule  with  the  mer- 
chants. Their  margins  are  wide,  and  thus  they  are  not  compelled 
to  study  so  minutely  the  possibilities  of  loss.  Wide  margins  for 
merchants  have  tended  to  promote  a  grouping  of  risks,  wdiereas 
narrow  margins  for  the  credit  corporations  have  promoted  a  classi- 
fication of  risks.  Furthermore,  agricultural  credit  corporations, 
through  the  Federal  intermediate  credit  system,  are  able  to  obtain 
their  funds  at  a  low^er  cost  than  are  merchants,  and  as  a  result  of 
that  and  other  factors  the  cost  of  credit  to  farmers  through  the  cor- 
porations has  been  smaller. 

The  credit  corporations  included  in  this  study,  except  in  one  or 
two  instances,  have  not  furnished  a  sufficient  volume  of  credit  to 
affect  materially  the  general  market  rate  of  interest  or  other  costs 
of  money  in  their  areas.  In  most  cases  the  operations  have  covered 
large  areas  and  have  not  been  concentrated  sufficiently  to  afford 
real  competition  for  other  lending  agencies.  It  is  probable,  however, 
that  some  members  of  the  marketing  associations  have  been  able  at 
times  to  obtain  better  terms  or  better  rates  on  loans  by  threatening 
to  borrow  from  the  credit  corporation  instead  of  local  credit  agencies. 

As  has  been  pointed  out,  one  of  the  principal  defects  of  this  system 
of  agricultural  credit  is  the  amount  of  red  tape  involved  in  getting 
loans.  Whereas  the  farmer  who  borrows  from  a  local  bank  is  often 
able  to  obtain  a  loan  innnediately  upon  asking  for  it,  and  merely  by 
signing  his  name,  the  borrower  from  the  corporation  has  to  prepare 
a  long  and  detailed  application  and  financial  statement,  take  an 
oath  as  to  its  accuracy  before  a  notary  public  or  other  officer,  have 
the  records  searched  for  prior  liens,  sign  a  half  dozen  or  more  papers, 
record  the  mortgages,  and  then  wait  two  or  three  wrecks  while  the 
papers  take  seven  or  eight  trips  through  the  mails.  If,  on  account 
of  his  lack  of  acquaintance  with  these  legal  papers  which  he  has 
occasion  to  study  only  once  a  year,  the  borrower  nud<;es  a  slight 
error,  the  papers  are  returned  to  him,  causing  a  further  delay  of 

"Gart.ock,  F.  L.     lono  term  loans  of  IOWA  BANKS.     lowa  Agr.  Expt.  Sta.  Research 
Bui.  VM,  1).  254-300,  illus.     1930. 
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several  days  or  a  week.  Meanwhile  the  season  advances  Avhile  he 
waits  for  the  credit  to  buy  his  fertilizer. 

Some  improvement  has  resulted  from  the  change  of  the  law  in 
1930  which  permits  the  Federal  intermediate  credit  banks  to  lend 
directly  to  the  agricultural  credit  corporations  on  the  security  of 
farmers'  notes  as  an  alternative  to  rediscounting  the  notes  themselves. 
Correction  of  minor  errors  in  the  papers  creates  less  delay  in  the 
advancing  of  credit  by  the  banks  for  other  collateral  can  be  sub- 
stituted during  the  interim  j^eriod.  This  provision  adds  some  of 
the  much-needed  flexibility  to  the  system. 

Some  persons  have  felt  that  the  agricultural  credit  corporations 
haA^e  not  served  farmers  as  they  should  because  of  the  high  standard 
for  loans  set  by  the  Federal  intermediate  credit  banks.  It  has  been 
said  that  the  only  persons  who  could  get  loans  from  the  intermediate 
credit  banks  through  the  corporations  were  those  who  could  get  loans 
from  any  local  bank.  The  implication  is  that  the  intermediate  credit 
banks  were  formed  to  lend  on  a  poorer  class  of  paper  than  commer- 
cial banks  ordinarily  will  accept.  There  is  nothing  in  the  act  which 
created  the  Federal  intermediate  credit  banks  that  indicates  tliis. 

The  banks  were  created  to  fill  a  need  for  credit  of  a  term  shorter 
than  the  usual  mortgage  loans  on  land  and  longer  than  the  customary 
commercial  bank  loans.  Maximum  and  minimum  terms  of  three 
3^ears  and  six  months,  respectively,  were  set.  Experience  has  failed 
to  demonstrate,  however,  that  loans  of  maximum  term  were  satis- 
factory or  needed;  consequently  tlie  loans  of  the  system  have  been 
largely  from  six  months  to  one  year  with  an  extension  often  granted 
in  the  case  of  livestock  loans  if  the  security  justified  it.  In  1930, 
the  lower  limit  of  six  months  was  removed.  Modeled  somewhat  after 
the  War  Finance  Corporation,  the  system  was  intended  also  to 
supplement  commercial  banks  wherever  necessary.  This  it  is  doing  at 
present  in  some  regions  where  banking  resources  are  insufficient  to 
meet  the  needs  of  agriculture ;  in  regions  where  banking  resources  are 
ample  this  type  of  farm  credit  has  not  been  used  to  a  great  extent. 
The  act,  however,  contains  no  im|)licati()ns  that  the  SA^stem  was  set 
up  to  handle  loans  that  commercial  banks  could  not  carry  on  account 
of  the  risk  involved. 

Whether  the  local  banks  or  the  agricultural  credit  corporations 
get  the  better  pa])er  is  a  moot  question.  Obviously,  no  one  answer 
could  cover  the  situation  for  all  local  banks  and  all  corporations.  In 
a  region  wliere  local  bank  facilities  are  ample  and  interest  rates 
are  reasoiuible  tlie  tendency  would  ])robably  be  for  the  corporations 
and  Federal  intermediate  credit  banks  to  get  the  poorer  paper. 
Prosperous  fai-mers  maintain  business  relations  with  tlieir  banks, 
and  if  tliey  can  get  loans  at  reasonable  rates  from  the  banks  they 
will  not  be  inclined  to  borrow  from  the  credit  cor])orations  thi-ough 
which  it  is  much  less  convenient  to  obtain  loans.  Aloreovei-,  bankt'is 
liave  a  personal  accjuaintance  with  their  customers,  and  they  will 
attemjit  to  keep  for  the  bank  those  loans  that  ai-e  the  least  haz- 
ardous even  if  tliey  have  to  maU'c  some  concessions  in  interest  cliai'ges. 
Those  whom  the  hanks  will  not  accommodate  will  seek  loans  fiom  the 
credit  coiporation.  On  the  othei-  hand  prosperous  economical  farm- 
ei-s  \\ill  often  seek  loans  through  ci-edit  corjjorations  if  the  costs  are 
lowci-  than  I'lom  the  baiiU's.  Again  in  some  cases  the  local  banks  can 
not  make  loans  large  enough  to  accommodtite  large  operators. 
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Some  maintain  that  tlio  afiricultiiral  credit  corporations  get  the 
"  best  risks  "  because  the  Federal  intermediate  credit  banks  set  up 
rigid  requirements  for  loans  and  only  the  very  best  paper  is  taken 
regardless  of  the  needs  of  the  farmers.  The  local  banks  must  take 
the  remainder.  It  is  logical  to  conclude,  however,  that  neither  type 
of  institution  has  a  monopoly  on  the  best  paper  to  the  exclusion 
of  the  other. 

STATE-WIDE  OPERATIONS 

Both  advantages  and  disadvantages  are  to  be  found  in  State-wnde 
operation  of  agricultural  credit  corporations.  The  corporation  op- 
erating over  a  whole  State  is  able  to  obtain  a  wider  diversification 
of  risks  than  one  whose  territory  is  more  restricted.  Rain,  hail, 
flood,  droughts,  and  insect  infestation  are  not  likely  to  affect  so 
large  a  portion  of  the  loans  of  a  corporation  operating  over  a  whole 
State  as  they  would  of  a  corporation  operating  in  the  retail  trade 
territory  of  a  single  city  or  town.  In  addition,  the  State  corpora- 
tion is  able  to  obtain  a  large  enough  volume  of  business  to  hire 
full-time  employees  and  capable  management. 

On  the  other  hand  there  are  counterbalancing  advantages  for  the 
local  agencies.  By  being  personally  acquainted  with  the  borrower 
and  having  a  knowledge  of  his  farm,  officers  of  local  agencies  are 
better  able  to  judge  the  probable  yield  of  the  crops,  the  value  of  the 
security,  the  ability  of  the  farmer,  and  his  personality  and  character. 
Moreover,  they  are  in  a  position  to  keep  a  constant  watch  on  the 
progress  of  the  crop.  The  agricultural  credit  corporation  operating 
over  a  whole  State  finds  it  much  more  difficult  to  obtain  this  infor- 
mation. It  must  depend  on  the  statements  of  local  persons  for  a 
knowledge  of  the  personal  characteristics  of  the  borrower  and  some- 
times for  a  knowledge  of  his  farm  and  operations ;  such  information 
is  not  alwaj^s  reliable  because  local  persons  may  be  anxious  to  have 
the  loan  made.  Then,  too,  the  corporation  must  send  its  field  men 
long  distances  to  visit  the  farm,  possibly  to  appraise  the  security  be- 
fore making  the  loan,  to  watch  the  progress  of  the  crop  during  the 
summer,  and  to  prevent  illegal  sale  of  the  cotton  during  the  picking 
season.  This  is  expensive  and  not  so  satisfactory  as  local  super- 
vision, although  it  is  sometimes  claimed  that  the  field  men  of  the 
corporation  devoting  their  full  time  to  the  w^ork  often  know  the 
condition  of  loans  and  security  better  than  do  the  officials  of  many 
of  the  local  lending  agencies. 

Another  advantage  of  the  local  lending  agency  is  that  an  unre- 
liable borrower  is  more  inclined  to  pay  local  debts  than  debts  to 
an  outside  corporation  for  he  does  not  wish  to  lose  his  credit  in 
the  community.  In  fact  it  is  sometimes  hard  for  an  outside  corpora- 
tion to  secure  judgment  against  a  man  in  his  own  community  before 
a  juiy  of  his  neighbors. 

The  plan  of  having  local  unincorporated  groups  pass  upon  the 
paper  submitted  and  guarantee  that  paper  to  the  extent  of  their 
stock  in  the  State  credit  corporation  is  a  worthy  attempt  to  obtain 
the  volume  of  business  and  diversification  of  risks  which  go  with 
a  State  corporation  while  at  the  same  time  obtaining  many  of  the 
benefits  of  local  organizations. 

An  experiment  not  yet  tried  is  that  of  the  cooperative  marketing 
association  having  a  number  of  affiliated  local  credit  corporations 
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scattered  throughout  the  State.  There  is  serious  doubt  whether  the 
vohime  of  ])roduction  credit  needed  for  members  of  the  cooperative 
v.ould  be  sufficient  in  local  areas  to  support  the  activities  of  such 
corporations.  The  plan  might  be  possible,  however,  if  these  cor- 
porations did  not  confine  their  activities  exclusively  to  members 
of  the  marketing  association. 

RELATIONS   WITH    COOPERATIVE    MARKETING    ASSOCIATIONS 

In  stud^'ing  the  relationships  between  the  credit  corporations 
and  the  cotton  associations  one  should  have  in  mind  the  conditions 
which  led  to  the  organization  of  the  subsidiary  or  affiliated  finance 
corporations,  changes  that  have  occurred  in  the  conditions  since 
their  organization,  and  subsequently  revised  concepts  of  the  func- 
tion of  the  subsidiaries.  It  should  be  recalled  that  association  mem- 
bers were  thought  to  be  hampered  in  the  delivery  of  their  cotton 
to  the  cooperatives  by  the  control  exercised  over  them  by  their 
creditors.  The  corporations  were  set  up  largely  to  remedy  this 
situation  although  it  was  also  expected  that  they  would  attract  new 
members  to  the  marketing  associations  and  would  render  the  mem- 
bers a  much-needed  financial  service. 

The  situation  has  changed  materially  during  recent  years.  Loans 
made  to  the  cooperative  associations  by  the  Federal  Farm  Board 
in  1929  and  1930,  enabling  them  to  advance  the  farmer  approxi- 
mately 90  per  cent  of  the  market  value  of  the  cotton  at  the  time 
of  delivery,  have  made  it  possible  for  more  farmers  to  liquidate 
their  indebtedness  on  the  crop  out  of  the  association's  advance 
than  could  have  done  so  in  previous  years.  Since  borrowers  could 
pay  their  debts  out  of  the  association's  advance  the  creditors  have 
had  little  grounds  for  objection  to  marketing  through  the  cooper- 
ative. Moreover,  if  the  value  of  the  cotton  produced  has  been 
insufficient  to  liquidate  the  debt,  the  creditors  have  often  been  will- 
ing to  take  90  per  cent  of  current  market  value  in  part  liquidation 
with  the  chances  of  recovering  more  than  the  extra  10  per  cent 
if  prices  advanced  Avhile  the  cotton  Avas  held  by  the  cooperative 
association. 

Another  factor  that  has  changed  the  situation  in  late  years  has 
been  the  scarcity  of  loanable  funds  of  local  credit  agencies.  In 
many  cases  local  agencies  have  been  unable  to  provide  the  amount 
of  credit  needed  in  the  community  and  have  been  glad  to  have  some 
of  the  farmers  obtain  funds  through  the  Federal  intermediate  credit 
sj'stem.  This  condition  has  tended  to  l)reak  down  the  opposition 
to  the  cooperative  program. 

At  the  same  time  the  shortage  of  credit  supj^lied  by  other  agencies 
has  made  the  granting  of  production  credit  by  the  associations  or 
their  subsidiaries  a  more  needed  service  for  members.  Whereas,  in 
the  past,  the  chief  i)urpose  of  the  corporations  was  to  enable  mem- 
bers to  make  deliveries  of  cotton  by  throwing  off  the  control  of 
other  creditors,  the  chief  purpose  to-day  is  to  render  a  needed 
financial  service  to  members. 

The  extent  to  wliich  the  agricultural  credit  corporations  have 
aided  the  marketing  associations  to  obtain  cotton  is  unknown  and 
can  not  be  accuialely  measured.  Figure  10  shows  for  coinparnlive 
l>urposes  tlic  ti-cnd  of  deliveries  of  1'2  cooi)erative  cotton  marketing 
associations  and  the  trend  of  loans  of  their  11  affiliated  agricultural 
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credit  corporations.  In  order  to  eliminate  the  fluctuations  in  trend 
due  to  the  size  of  the  crop  the  deliveries  have  been  adjusted  for 
yearly  variations  in  production  by  States.  A  comparison  of  the 
trend  of  deliveries  (adjusted)  with  the  volume  of  loans  indicates 
very  little  relation.  In  fact,  the  trends  are  in  opposite  directions 
about  as  often  as  they  are  in  the  same  direction.  Three  similar 
analyses  of  individual  associations  and  their  credit  corporations 
show  results  comparable  to  the  results  of  the  above  comparison  for 
12  associations  combined.  It  would  appear  therefore  that  other 
factors  were  of  far  greater  importance  than  the  amount  of  produc- 
tion credit  extended  in  determining  the  volume  of  deliveries. 

The  termination  of  the  original  5-year  contracts  is  easily  dis- 
cernible in  the  deliveries  for  1926,  1927,  and  1928,  and  the  influence 
of  the  Federal  Farm  Board  is  to  be  noticed  in  their  upward  trend 
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Figure  10.— Deliveriesof cotton  to  12  cooperative  Marketing  asso- 
ciations AND  the  Volume  of  new  Production  Loans  Made  yearly 
BY  Their  1 1  affiliated  Credit  Corporations 

The    trends    of    the    loan    curve    and    the    delivery   curves    show  little    relationship 

between   the  two.      Moreover,   a   comparison   of  the   deliveries  and   the  estimat(Hl 

number  of  bales  financed  indicates   that   production   credit  is  a   minor   factor  in 
determining  the  amount  of  cotton  delivered. 


in  1929  and  1930.  The  estimated  baleage  financed  by  the  corpora- 
tions represents  only  a  relatively  small  portion  of  the  total  cotton 
handled  and  supports  the  conclusion  stated  above  that  the  financing 
of  production  is  only  a  minor  factor  in  obtaining  deliveries. 

Furthermore,  it  must  not  be  assumed  that  all  of  the  cotton  ob- 
tained from  borrowers  would  not  have  been  delivered  to  the  asso- 
ciations unless  it  had  been  financed.  Many  borrowers  were  mem- 
bers of  the  marketing  associations  in  years  before  they  obtained 
loans  of  the  credit  corporations,  and  undoubtedly  many  would 
market  their  cotton  thi'ough  the  associations  regardless  of  whether 
they  obtained  credit  from  the  affiliated  corporation. 

On  the  other  hand  it  is  doubtful  whether  a  comparison  of  deliv- 
eries and  loans  reflects  the  full  influence  of  subsidiary  or  affiliated 
credit  corporations  in  obtaining  cotton  for  the  associations.  The 
very  existence  of  a  credit  corporation  whose  services  are  available 
to  members  is  a  strong  bargaining  point  for  the  member  in  his  rela- 
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tions  with  his  creditors.  It  is  entirely  possible  that  the  deliveries 
obtained  by  making  at  least  some  of  the  members  more  free  from 
the  dictates  of  their  creditors  have  been  larger  than  the  amount  of 
cotton  financed. 

The  management  of  one  of  the  cooperative  marketing  associa- 
tions feels  that  the  finance  corporation  has  an  indirect  value  for  the 
marketing  association  in  that  the  delivery  of  mortgaged  cotton  starts 
the  flow  of  cotton  to  the  cooperative  early  in  the  fall.  The  ship- 
ment of  that  cotton  provides  the  farmers  of  the  State  with  concrete 
evidence  that  others  think  it  worth  while  to  market  their  cotton 
through  the  cooperative  association. 

But  the  activities  of  the  finance  corporations  have  resulted  in 
losses,  as  well  as  gains,  in  membership.  Creditors  are  popular  when 
loans  are  being  made  but  very  unpopular  at  collection  time.  Kigid 
measures  necessary  to  enforce  collection  result  in  a  loss  of  some  of  the 
good  will  gained  by  granting  the  loan.  This  is  especially  true  in 
years  when  there  are  poor  crops.  Discontent  is  caused  by  refusal 
to  grant  loans  that  are  not  sound.  It  has  often  been  necessary  to 
refuse  many  more  loans  than  could  be  granted,  and  such  a  situation 
requires  delicate  treatment  to  prevent  the  loss  of  members. 

The  activities  of  the  credit  corporations  have  often  been  hampered 
by  the  policies  of  the  marketing  associations.  These  finance  cor- 
porations have  not  been  free  to  go  out  and  get  the  type  of  business 
they  have  wanted  and  needed.  They  have  been  required  to  wait  for 
business  to  come  to  them  and  have  been  restrained  from  soliciting  it 
because  the  competition  with  local  credit  agencies  thus  created  might 
make  enemies  for  the  cotton  associations  among  the  bankers  and 
business  men.  The  credit  corporations  have  been  permitted  to  make 
loans  only  to  association  members  and  have  been  unable  to  refuse  a 
loan  to  any  member  because  of  it  being  too  small  to  be  profitable.  As 
a  consequence  of  these  handicaps  the  size  of  loans  lias  been  small,  the 
volume  has  been  restricted,  and  the  loans  have  been  scattered  over  a 
wide  area.  These  conditions  have  resulted  in  restricted  incomes  and 
excessive  expenses,  in  some  cases  bringing  about  an  impairment  of 
the  capital. 

CONCLUSIONS 

Conclusions  regarding  the  corporations  included  in  this  study  and 
any  suggestions  for  future  policy  will  depend  on  the  point  of  view 
taken  as  to  their  fundamental  purpose.  Are  these  corporations  to  be 
judged  on  the  basis  of  their  own  showing  as  agricultural  credit  insti- 
tutions or  as  a  part  of  the  cooperative  marketing  movement?  Fur- 
tliei-niore,  to  render  the  greatest  service  to  all  concerned  sliould  tliey 
continue  to  be  afliliated  with  the  marketing  associations^ 

As  financial  institutions  purely,  their  record,  with  few  exceptions, 
has  been  disappointing.  They  have  financed  in  all  but  one  case  only 
n  very  small  poi'lion  of  Ihe  fni'inei's  in  their  area — almost  a  negli- 
gible i)orti()n — althongh  the  business  which  they  have  done  in  those 
comnninities  where  banks  have  failed  was  undoubtedly  a  real  helj). 
In  \U:')(),  the  combined  volnme  of  business  was  the  highest  of  any 
year,  l)ut  tluit  was  largely  <hie  to  the  ra|)id  expansion  of  one  of  the 
most  siiccessfid  corporations,  its  business  representing  moi-e  than  (iO 
per  cent  of  the  total.  Many  of  those  corporations  that  contributed 
to  the  large  total  volume  of  business  in  IDliG  were  out  of  business 
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or  in  liquidation  b}^  lOlW.  Half  of  the  corporations  that  have  been 
organized  have  failed  or  have  voluntarily  gone  out  of  business,  and 
in  1931  only  a  few  of  them  were  agressively  going  forward.  In  pass- 
ing judgment  on  them,  however,  it  should  be  kept  in  mind  that  farm 
credit  agencies  of  other  kinds  have  failed  in  large  numbers  during 
the  same  years. 

There  have  been  a  number  of  causes  of  failure,  chief  among  which 
have  been:  (1)  Large  losses  on  loans  due  to  low  prices  of  cotton,  to 
the  single-crop  type  of  farming,  resulting  in  excessive  borrowing 
and  excessive  hazards,  and  to  the  lack  of  sufficient  reserves  of  the 
borrowers,  resulting  in  the  security  being  often  limited  to  a  crop  lien ; 
(2)  limitations  of  earnings,  due  both  to  legal  limitations  on  interest 
charges  and  to  the  seasonal  character  of  the  business,  so  that  the 
accumulation  of  reserves  sufficient  to  meet  the  losses  has  been  very 
difficult;  (3)  relatively  high  costs  of  operation,  due  to  the  small  size 
and  scattered  location  of  the  loans;  (4)  inefficient  management  in 
some  instances;  and  (5)  the  practice  in  the  early  years  of  granting 
doubtful  loans  in  order  to  induce  farmers  to  join  the  marketing  asso- 
ciations. The  immediate  cause  for  discontinuance  of  operations  by 
three  of  the  corporations  has  been  the  inability  to  get  credit  from  the 
Federal  intermediate  credit  banks  as  a  result  of  the  impairment  of 
capital  from  an  accumulation  of  uncollectible  or  frozen  loans.  Three 
others  discontinued  operations  after  a  small  experiment  of  a  year  or 
two  had  disclosed  the  difficulties  of  furnishing  production  credit. 
Two  of  the  corporations  went  out  of  business  because  the  parent 
organization  failed. 

In  addition  to  making  an  unimpressive  showing  as  financing  in- 
stitutions, the  corporations  usually  have  failed  to  give  substantial 
aid  to  the  marketing  associations.  Estimates  of  the  number  of 
bales  of  cotton  financed  by  all  corporations  have  at  no  time  placed 
them  in  excess  of  one-fourth  of  the  total  deliveries,  and  in  the  case 
of  some  corporations  the  portion  of  deliveries  obtained  by  financing 
the  crop  has  been  negligible.  Moreover,  the  volume  of  financing 
does  not  appear  to  have  borne  a  close  relationship  to  the  volume  of 
cotton  delivered.  (Fig.  10.)  Nevertheless,  some  of  the  corpora- 
tions have  cost  the  parent  associations  substantial  sums  in  the  w^ay  of 
expenses  of  operation,  the  sacrifice  of  income  on  investments  in  their 
capital  stock,  and  losses  in  the  value  of  that  stock. 

The  case  for  agricultural  credit  corporations  rests  to-day  not  upon 
the  needs  of  the  cotton  cooperative  marketing  associations  for  a 
financial  subsidiary  but  upon  the  needs  of  farmers  for  credit.  Al- 
though a  number  of  the  cor})orations  have  failed  and  most  of  them 
have  proven  relatively  ineffective  as  a  means  of  building  up  the 
marketing  associations,  it  can  not  be  gainsaid  that  they  have  ren- 
dered a  real  service  to  the  members  who  have  obtained  loans.  It  is 
to  be  regretted  that  the  service  has  been  limited  to  such  a  small  pro- 
portion of  the  farmers  who  needed  it  and  that  the  cost  to  the  coop- 
erative or  the  other  stockholders  has  been  so  high. 

The  adoption  of  certain  new  policies  might  help  to  remedy  the 
situation,  although  financing  the  production  of  cotton  at  present 
prices  is  an  extremely  difficult  task.  Despite  the  fact  that  several 
corporations  are  operating  successfully  while  financing  only  associa- 
tion members,  it  is  believed  that  many  of  the  corporations  would 
be  strengthened  and  a  greater  service  would  be  rendered  to  the 


62        TECHN-ICAL  BULLETIN    3  2  2,   U.    S,    DEPT.    OP   AGRICULTURE 

farmers  of  the  States  if  their  services  were  not  confined  to  members 
of  the  marketing  associations,  if  they  were  not  obligated  to  serve 
all  members  of  the  associations  alike,  and  if  they  were  free  to  solicit 
loans.  Their  services  would  thus  be  available  to  five  or  six  times  as 
many  farmers.  Having  a  larger  group  to  serve  and  being  free  to 
make  loans  to  nonmembers,  they  could  obtain  a  larger  volume  of 
business  and  thus  operate  at  lower  unit  costs.  They  could  also  con- 
centrate their  activities  in  certain  areas  through  making  loans  in 
those  areas  and  refusing  scattered  applicants  in  others.  By  solicit- 
ing large,  safe  loans  and  refusing  the  extremely  small,  unprofitable 
ones  they  could  operate  much  more  successfully. 

Were  this  extra  freedom  of  action  to  result  in  stronger  credit  cor- 
porations, the  cotton  associations  and  their  members  would  benefit 
by  extending  the  services  to  nonmembers.  The  marketing  associa- 
tions, it  is  true,  would  lose  the  business  of  those  borrowers  who  mar- 
ket their  cotton  through  the  associations  merely  to  get  the  financing 
service,  but,  on  the  other  hand,  they  would  not  have  to  contribute 
so  much  to  the  support  of  tlie  corporations.  The  membership  of  the 
associations  might  not  be  willing  to  extend  the  benefits  of  their 
organization  to  nonmembers;  in  such  event  the  only  way  to  obtain 
the  freedom  of  action  desired  would  be  to  have  separate  and  distinct 
credit  institutions. 

The  organization  of  independent  corporations  raises  certain  other 
problems.  "Who  will  promote  them?  Who  will  finance  them? 
Even  if  the  borrowers  are  required  to  buy  stock  it  can  not  be  expected 
tliat  the  cooperative  marketing  associations  will  provide  the  original 
capital  as  they  did  for  many  of  their  subsidiaries.  Would  it  be 
l)ossible  and  desirable  to  obtain  funds  from  bankers  and  business 
men  and,  if  so,  would  these  men  control  the  corporation  or  would  it  be 
primarily  a  farmers'  cooperative  enterprise  controlled  by  farmers? 

It  is  entirely  possible  that  in  certain  cases  cooperative  financing 
may  render  as  great  a  service  to  farmers  as  cooperative  marketing. 
The  marketing  associations  could  well  lend  a  helping  hand  or  even 
take  the  initiative  in  sponsoring  the  movement  for  farmers.  With 
their  mailing  lists,  their  field  staffs,  and  their  wide  contacts,  they 
are  in  an  excellent  position  to  aid  groups  of  farmers  who  would  like 
to  have  a  cooperative  credit  institution  for  financing  the  production 
of  their  crops.  The  two  farmers'  organizations  could  aid  each  other. 
The  finance  coo])erative  would  obtain  the  advantage  of  collecting 
its  loans  througli  the  marketing  association.  The  marketing  asso- 
ciation by  sponsoring  such  a  corporation  would  be  rendering  a  serv- 
ice to  its  members  who  needed  a  new  source  of  financing.  Under  this 
phin  no  pait  of  the  cost  of  financing  crojis  of  others  wonld  fall  uj)on 
those  members  of  the  mai'keting  association  who  did  not  care  for 
or  could  not  qualify  for  loans  from  the  corporation. 

APPENDIX 

CONTRACT   BETWEEN    GROWERS   AGRICULTURAL   CREDIT   CORPORATION   AND 

MEMBERS  OF  LOCAL  GROUPS 

This   AorI'J^micnt,   inailc  on    this d:iy   of    .    193-_,   l)y   and 

Ix'twocn  tliost^  persons  who  are  or  do  become  members  ol"  that  eertain  orjiani- 

zati<tn  known  as Credit  Groui),  parties  of  the  first  part,  niul  (Jrowers 

Airriciiltnral  Credit  Corintration.  a  coriioralion  eliartered  and  existiiij:  under 
and  l»y  virtue  of  the  laws  of  the  Slate  of  North  ("aroliiia,  with  its  principal 
ofHee  in  Walie  County,  Nortli  Carolina,  party  of  the  second  part.  Witnessetii  : 


AGRICULTURAL   CREDIT   CORPORATIONS  63 

Wherkas  the  party  of  the  second  part  is  ensa,i:;e(l  in  tlie  hnsin(>ss  of  extending 
agricultural  credits;  Whereas  the  parties  of  the  first  part  contemplate  apply- 
ing to  the  party  of  the  second  part  to  obtain  loans  for  agricultural  purposes; 
and  AVhereas  the  parties  of  the  first  part  desire  to  secure  in  a  measure  the 
party  of  the  second  part  against  losses  I'esulting  from  any  loans  made  to 
member  of  the  aforesaid  Credit  Grouj). 

Now,  Therefore,  for  and  in  consideration  of  the  premises,  and  for  the  sum 
of  $1.00,  paid  to  the  parties  of  the  first  part  by  the  party  of  the  second  part, 
the  receipt  whereof  is  hereby  acknowledged,  the  parties  of  the  first  part  make 
and  enter  into  the  following  agreements  and  promises: 

1.  That  the  parties  of  the  first  part  will  exercise  due  diligence  in  submitting 
to  the  party  of  the  second  part  applications  for  loans  only  in  behalf  of  persons 
worthy  of  the  credit  requested,  in  seeing  that  all  applications,  financial  state- 
ments, and  other  loan  papers  submitted  by  them  are  correctly  and  fully  filled 
out  and  in  helping  to  collect  on  or  before  date  of  maturity  all  loans  made  to  the 
parties  of  the  first  part. 

2.  That has  been  selected  to  serve  as  Chairman  of  this  Credit 

Group; has  been  selected  to  serve  as  Secretary  of  this  Credit 

Group;  the  following  persons  have  been  selected  to  serve  as  Executive  and 
Loan  Committee  for  this  Credit  Group ;  said  Committee  to  consist  of  not  less 
than  three  persons  and  not  more  than  five  persons,  it  being  permissible  for 
either  Chairman  or  Secretary,  or  both,  to  be  members  of  said  Committee : 


3.  The  Chairman  and  Secretary  of  said  Credit  Group  shall  serve  for  a  period 
of  one  year  and  until  their  successors  are  selected  and  qualified;  in  case  of 
vacancy  the  Executive  and  Loan  Committee  shall  have  authority  to  select  a 
new  Chairman  or  new  Secretary;  the  members  of  the  Executive  and  Loan 
Committee  shall  serve  for  a  period  of  one  year  and  until  their  successors  are 
selected  and  qualified;  in  case  of  vacancies,  the  remaining  members  of  said 
Committee  shall  have  authority  to  fill  same;  the  Chairman  and  Secretary 
acting  jointly  can  call  a  meeting  of  the  members  of  the  aforesaid  Credit  Group, 
either  on  some  date  in  January  of  each  year,  or  at  any  other  time  that  they 
might  deem  said  meeting  desirable  or  at  any  other  time  that  said  meeting  might 
be  requested  by  written  petition  of  one-half  of  the  members  of  said  Credit 
Group. 

4.  That  all  applications  for  loans  for  members  of  said  Credit  Group  must 
be  approved  in  writing  by  at  least  three  members  of  the  Executive  and  Loan 
Committee;  all  notes  submitted  for  members  of  said  Credit  Group  shall  bear 
some  signature,  stamp,  or  other  appropriate  writing,  to  be  made  by  the  Secretary, 
to  identify  said  notes  as  coming  from  the  aforesaid  Credit  Group;  and  it  is 
distinctl.v  understood  that  in  submitting  and  handling  applications  for  loans, 
in  handling  proceeds  of  notes  and  in  all  other  matters  relating  to  loans,  the 
Chairman,  Secretary,  and  Executive  and  Loan  Committee  will  be  acting  as  the 
agent  of  each  individual  borrower  and  not  in  any  sense  or  in  any  respect  as 
the  agent  of  the  party  of  the  second  part. 

5.  That  the  signing  of  this  Agreement  by  the  aforesaid  persons  designated  as 
Chairman  and  Secretary  shall  bind  and  make  parties  to  this  contract  all  mem- 
bers of  the  aforesaid  Credit  Group  and  all  persons  who  at  any  time  might  obtain 
loans  through  this  Credit  Group ;  the  procurement  of  a  loan  through  this  Credit 
Group  by  any  person  shall  make  that  person  a  member  of  this  Credit  Group 
and  shall  constitute  on  the  part  of  said  person  approval  and  ratification  of 
the  provisions  of  this  Agreement;  and,  though  many  members  of  said  Credit 
Group  might  sign  this  instrument  as  evidence  of  their  having  actual  notice  of 
the  provisions  hereof  and  as  personal  commitment  thereto,  failure  on  the  part 
of  any  person  to  sign  this  instrument  shall  not  relieve  said  person  of  any  obli- 
gation hereunder  provided  said  person  applies  for  and  obtains  a  loan  through 
this  Credit  Group. 

6.  That  the  capital  stock  in  the  party  of  the  second  part  owned  by  members 
of  the  aforesaid  Credit  Group  is  hereby  assigned,  pledged  and  transferred  to 
the  party  of  the  second  part,  its  assigns  and  successors,  as  collateral  security 
for  the  payment  of  all  notes  signed  by  members  of  said  Credit  Group.     Thi^ 
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assignment  and  pledge  of  capital  stock  includes  all  stock  that  has  already 
been  purchased  and  all  stock  that  might  in  tlie  future  be  purchased  by  mem- 
bers of  said  CrtHlit  Group.  In  case  of  any  certificates  of  stock  that  have 
already  been  issued  or  that  might  in  the  future  be  issued  to  members  of  said 
Credit  Group,  they  appoint  and  constitute  the  Secretary  of  the  party  of  tlie 
second  part  as  true  and  Lawful  attorney  in  fact  to  execute  the  proper  assign- 
ment of  said  stock  certificates,  hereby  giving  to  said  party  full  power  and 
authority  to  assign  and  transfer  said  stock  certificates,  in  accordance  with 
the  foregoing  provisions,  liereby  ratifying  and  confirming  all  acts  and  deeds 
done  by  the  said  attorney  in  fact  just  as  if  same  had  been  done  by  each  of  the 
parties  of  the  first  part  personally  and  acting  for  himself. 

7.  If  on  tlie  loth  day  of  December  of  each  year,  the  party  of  the  second 
part  holds  any  uncollected  notes  signed  by  members  of  the  aforesaid  Credit 
Group,  or  if  the  party  of  the  second  part  has  suffered  anj'  losses  or  incurred 
any  expense  for  attorney's  fees  or  other  efforts  to  collect  the  notes  of  any  of 
the  members  of  said  Credit  Group,  said  party  of  the  second  part  may,  at  any 
time  after  said  date,  sell  the  aforesaid  stock  of  all  the  members  of  said  Credit 
Group,  proceeds  of  said  sale  to  be  applied  towards  the  payment  of  said  uncol- 
lected notes  and/or  the  said  losses  and  said  expenses  incurred  in  connection 
with  the  notes  of  the  members  of  said  Credit  Group  provided  said  sale  be 
made  in  the  following  manner :  Before  said  notes  and  stock  shall  be  adver- 
tised for  sale,  the  party  of  the  second  part  shall  direct  a  communication 
in  writing  to  either  the  Chairman  or  the  Secretary  of  the  aforesaid  Credit 
Group,  advising  him  of  the  existence  of  uncollected  notes  and/or  losses 
in  connection  with  notes  of  the  members  of  said  Credit  Group;  if  either 
the  said  Credit  Group,  its  members,  or  other  persons  do  not,  within  ten  days 
from  the  mailing  of  said  communication,  liquidate  said  uncollected  notes  and 
pay  said  losses,  the  party  of  the  second  part,  its  assigns  or  successors,  may 
sell  all  of  said  uncollected  notes  and  all  of  the  stock  in  the  Credit  Corpora- 
tion owned  by  members  of  the  aforesaid  Credit  Group,  at  public  auction  for 
cash  at  the  Court  House  door  in  Raleigh,  North  Carolina,  after  giving  notice 
of  said  sale  by  posting  a  notice  of  same  at  the  Court  House  door  and  three 
other  public  places  in  Wake  County  and  by  mailing  a  copy  of  said  notice  to 
the  last  known  address  of  the  owner  of  any  stock  certificate  that  is  to  be 
included  in  said  sale;  provided  that,  if  the  party  of  the  second  part  elects  to 
do  so,  it  may  sell,  first,  the  stock  of  the  members,  who  have  not  paid  their 
notes  or  the  collection  of  whose  notes  caused  loss  to  the  party  of  the  second 
part  because  of  attorney's  fees  or  other  expense;  but  the  election  of  this 
option  is  not  compulsory  and  shall  not  affect  the  rights  and  remedies  of  the 
party  of  the  second  part  as  hereinabove  provided  in  this  paragraph, 

8.  Certificiites  representing  stock  in  the  party  of  the  second  part,  now  owned 
or  subse(|ueiitly  purchased  by  any  member  of  the  aforesaid  Credit  Group, 
shall  l)e  deposited  with  the  President  of  tlie  party  of  the  second  part  as  custo- 
dian of  said  stock ;  and  an  appropriate  paper  writing  shall  be  furnished  to 
each  owner  of  said  stock  to  evidence  the  aforesaid  deposit  on  same. 

9.  If  any  member  of  the  aforesaid  Credit  Group  wishes  to  withdraw  from 
said  Group,  lie  may  do  so  by  expressing  in  writing  his  desire  to  the  Secretary 
of  the  Group  and  to  the  party  of  the  second  part,  provided,  however,  that  no 
member  of  the  aforesaid  Credit  Group  can  withdraw  therefrom  at  any  time 
wlien  the  party  of  the  second  part  holds  an  uncollected  note  signed  by  any 
member  of  siiid  Group,  unless  said  member  desiring  to  withdraw  shall  execute 
a  paper  writing  transferring  and  setting  over  to  the  party  of  the  second  part 
all  riuht,  title,  and  iiitin-est  that  said  withdrawing  member  might  own  in  any 
certilicate  of  stock  in  the  partj  of  the  second  part. 

In  Witness  Wiikrkof,  the  parties  of  the  first  part  subscribe  their  names 
hereto  on  the  dates  indicated  opposite  each  name: 

Xamk  Ai>i)kkss  Dath  op  Signature 
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INTRODUCTION 

Dairymen  and  others  interested  in  dairy  cattle  have  access  to 
reproduction  and  disease  records  of  certain  individual  animals,  but 
such  information  on  entii'e  herds  over  considerable  periods  of  time 
is  rare. 

The  facts  reported  in  this  bulletin  are  from  the  records  of  a  herd  of 
dairy  cattle  made  up  of  registered  Holsteins,  registered  Jerseys,  and 
gi'ades  of  these  two  breeds.  This  herd  is  maintained  by  the  Bureau 
of  Dairy  Industry  at  the  United  States  Dairy  Experiment  Station 
at  Beltsville,  Md.,  for  the  purpose  of  conducting  investigations  in 
breeding,  feeding,  and  management  of  dairy  cattle.  The  information 
concerning  breeding  efficiency  and  calving  efficiency  during  the 
4-year  period  from  May,  1922,  to  May,  1926,  is  taken  from  available 
r-ecords  in  the  Bureau  of  Dairy  Industry.  All  other  information 
reported  has  been  gathered  and  recorded  by  the  writers  during  the 
4-year  period  from  May,  1926,  to  May,  1930, 
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Experiments  in  animal  pathology  are  not  carried  on  at  the  Beltsville 
dairy  station,  but  are  conducted  elsewhere  by  the  Bureau  of  Animal 
Industry  of  the  United  States  Department  of  Agriculture.' 

The  treatments  and  control  measures  for  disease  and  sterility 
practiced  with  this  experimental  herd  are  those  thought  to  be  best 
suited  to  the  conditions  at  the  Beltsville  station,  and  may  or  may 
not  be  best  suited  to  conditions  in  other  daiiy  herds.  These  treat- 
ments will  not  be  discussed  in  detail. 

From  1922  to  1926  all  animals  were  handled  together  as  one  herd. 
For  the  purpose  of  this  study  the  cows  that  were  positive  to  the 
agglutination  test  for  abortion  disease  will  be  referred  to  as  the 
abortion-positive  group  and  those  that  w^ere  negative  to  the  test  will 
be  referred  to  as  the  abortion-negative  group.  In  the  spring  of  1926, 
the  herd  was  actually  di^^ded,  and  the  two  groups  w^ere  separated 
by  mo\dng  most  of  the  abortion-positive  animals  to  a  new  location 
about  one-half  mile  away  from  the  negative  group.  The  records 
over  this  8-year  period  (May,  1922,  to  May,  1930)  afford  an  oppor- 
tunity to  compare  some  of  the  activities  of  the  abortion-positive 
animals  wath  those  of  the  abortion-negative  animals  while  they  were 
in  a  herd  together  and  while  they  were  in  separate  herds. 

FERTILITY  OF  COWS  AND  HEIFERS 

In  this  publication,  the  term  fertile,  as  applied  to  cows  and  heifers, 
is  used  to  designate  females  that  have  conceived,  regardless  of  whether 
they  reproduce  normal  Uve  calves. 

The  breeding  efficiency  of  cows  may  be  determined  by  either  of 
the  following  methods:  (1)  By  finding  the  percentage  of  females  of 
breeding  age  that  conceived;  and  (2)  by  finding  the  percentage  of 
females  actually  bred  that  conceived. 

In  the  Beltsville  herd,  the  second  method  of  determining  breeding 
efficiency  is  more  desirable  to  use  than  the  first  method,  because  of 
the  fact  that  for  experimental  purposes  animals  are  sometimes 
intentionally  held  open  five  to  eight  months  after  freshening.  The 
first  method  of  determining  breeding  efficiency  may  be  used  to  obtain 
the  economic  status  of  a  herd.  The  second  method  is  used  in  this 
report. 

The  records  show  that  in  the  period  before  the  groups  were  sepa- 
rated, 268  abortion-negative  cows  and  lieifers  were  bred,  and  232 
conceived,  representing  an  average  breeding  efficiency  of  86.56  per 
cent;  and  165  abortion-positive  animals  were  bred,  with  142  concep- 
tions, an  average  efficiency  of  86.06  i)er  cent.  After  the  groups  were 
separated,  the  breeding  of  368  abortion-negative  animals  resulted  in 
317  conceptions,  an  average  of  86.14  per  cent,  and  the  breeding  of 
283  abortion-positive  animals  resulted  in  245  conceptions,  or  86.57 
per  cent. 

Yearly  nuctuations  in  breeding  efficiency  were  similar  in  the  two 
groups  of  animals.  With  the  exception  of  the  fiscal  year  1922-23, 
the  average  breeding  efficiency  of  the  abortion-positive  animals  was 

'  All  testing  fi)r  tiihorciilosis  in  Ihp,  TJpltsville  dairy  herd  lias  boon  done  hy  the  Tuberculosis  Kradication 
Division  of  Uie  Bureau  of  A  iiiiiial  I ndusi ry.  Laboratory  diagnoses,  including;  all  lMU■teriolo^'i<■aI,  serolonical, 
and  j)atlioloni<;al  work  and  Mk;  iiroparalion  of  vaccina"*,  have  been  done  by  the  Tatholo^'ical  Division  and 
the  Uethcsda  Kx|ierirnenl  Station,  l)otli  of  the  Mureau  of  Animal  Industry.  The  Zooloiiical  Division  of 
the  IJureau  of  Animal  Industry  has  made  numerous  examinations  of  material  from  tlie  lionl  for  parasites. 
Members  of  those  divisions  nl  the  Urueau  of  Aiumal  Industry  have  (;iven  freely  of  their  time  and  energy 
in  studying  individual  cases,  making  i)hysical  examiuatiyus  of  animals,  and  advising  in  llieir  vare. 


RECORDS  OF  THE  BELTSVILLE  DAIRY  HERD  d 

lower  than  that  of  the  abortion-negative  animals  while  both  groups 
of  animals  were  in  the  same  herd.  The  average  breeding  efficiency 
of  the  abortion-positive  animals  remained  lower  in  the  first  year  after 
separation,  but  in  each  year  since  then  it  has  been  greater  than  that 
of  the  abortion-negative  animals.  When  four  years  are  taken  as  the 
unit  of  time,  very  little  difference  is  found  between  the  two  groups  of 
animals,  either  in  the  four  years  before  or  the  four  years  after 
separation. 

In  tliis  bulletin  all  animals  being  bred  for  the  first  conception  are 
called  heifers.  All  females  being  bred  for  the  second  or  later  concep- 
tions are  called  cows.  The  88  abortion-negative  heifers  in  the  herd 
before  the  groups  were  separated  had  a  lower  breeding  efficiency  than 
the  cows,  but  the  146  heifers  in  the  negative  group  after  separation 
had  a  liigher  average  breeding  efficiency  than  the  cows.  It  has  been 
suggested  that  there  seems  to  be  more  breedmg  troubles  with  heifers 
than  with  cows  and  that  it  would  be  natural  to  expect  the  heifers  in 
the  negative  group  to  decrease  its  breeding  efficiency.  However, 
since  a  greater  percentage  of  heifers  than  of  cows  conceived,  it  seems 
advisable  to  study  the  factors  that  affect  conception  in  young  and 
mature  animals  to  determine  whether  or  not  heifers  do  have  more 
breeding  troubles  than  cows. 

SERVICES  REQUIRED  FOR  CONCEPTION 

Table  1  shows  that  the  average  number  of  matings  rec{uired  for  a 
conception  in  fertile  abortion-negative  cows  was  the  same  in  the  four 
years  before  as  in  the  four  years  after  separation  of  the  groups.  It 
was  a  trifle  higher  in  fertile  abortion-positive  cows  after  the  separa- 
tion. In  fertile  abortion-negative  heifers  it  was  a  httle  lower  after 
separation.  The  increased  number  of  matings  reqiured  for  a  con- 
ception in  abortion-positive  heifers  is  of  small  significance,  because 
of  the  few  animals  involved.  The  average  number  of  services  required 
for  conception  in  all  fertile  animals  in  the  herd  was  2.88  before  separa- 
tion and  2.92  after  separation.  If  services  to  sterile  animals  are  in- 
cluded, the  number  of  services  for  conception  before  and  after  separa- 
tion was  3.94  and  3.48,  respectively.  The  separation  of  the  abortion- 
negative  group  from  the  abortion-positive  group  has  had  little  or  no 
effect  on  the  number  of  matings  required  for  conception. 

Table  1. — Data  on  services  required  for  conception  in  fertile  females,  before  and 

after  separating  the  herd  into  two  groups 


Class  of  females 

Services  to— 

Conceptions  in— 

Services  for  con- 
ception in — 

Cows 

Heifers 

Cows 

Heifers 

Cows 

Heifers 

Before  separation: 

Abortion-negative      _ 

417 
350 

514 
744 

221 
92 

372 
14 

166 
118 

204 
242 

66 
24 

113 
3 

2.51 
2.96 

2.51 
3.07 

3.34 

Abortion-positive .  .   

3.83 

After  separation: 

Abortion-negative      ..  .  _      __-... 

3.29 

Abortion-positive                        

4.66 

Heifers  conceived  less  readily  than  cows.  This  is  shown  by  the  fact 
that  heifers  required  an  average  of  0.62  more  services  for  conception 
than  cows.     Fertile  abortion-positive  animals  reqmred  an  average  of 
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0.33  more  ser\'ices  for  conception  than  fertile  abortion-negative 
animals.  The  higher  average  in  abortion-positive  animals  is  ac- 
counted for  by  the  fact  that  more  ser^'ices  were  required  to  produce 
conception  after  an  abortion  than  after  the  birth  of  a  normal  calf. 
A  comparison  of  Tables  1,  4,  and  9  brings  this  fact  out  clearly. 

DISTRIBUTION  OF  SERVICES 

Approximately  42  per  cent  of  the  pregnancies  in  cows  resulted  from 
the  first  service,  and  in  heifers  the  percentage  was  approximately  37 
as  shown  in  Table  2,  which  gives  the  distribution  of  ser\dces  required 
by  fertile  females  for  conception.  The  percentage  of  conceptions 
resulting  from  the  first  service  was  greater  in  abortion-negative  than 
in  abortion-positive  cows.  About  one-half  as  many  conceptions  in 
cows  occurred  in  second  matings  as  in  first  matings,  and  about  one- 
half  as  many  in  third  matings  as  in  second  matings.  As  compared 
with  the  cows,  there  were  fewer  conceptions  in  heifers  on  the  first 
and  second  ser\dces,  but  more  on  the  third  to  the  eighth  ser^aces. 
More  than  72  per  cent  of  the  conceptions  in  all  females  occurred  on  or 
before  the  third  service. 

Table  2. — Distribution  of  services  required  by  fertile  females  in  the  abortion-positive, 
the  abortion-negative,  and  heifer  groups,  for  conception 


Number  of  service 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Ninth _. 

Tenth  to  thirteenth 


Conceptions 


Abortion- 
negative  cows 


Num- 
ber 
156 
73 
37 
28 
18 
16 
6 
7 
2 

11 


Per 

cent 

44.06 

20.62 

10.45 

7.90 

.5.08 

4.52 

1.69 

1.97 

.57 

3.10 


Abortion- 
positive  cows 


Num- 
ber 
147 
72 
43 
19 
22 
15 
11 


18 


Per 

cent 

40.83 

20.00 

11.94 

5.27 

6.11 

4.16 

3.05 

1.94 

1.66 

5.00 


All  cows 


Num- 
ber 
303 
145 
80 
47 
40 
31 
17 
14 
8 
29 


Per 

cent 

42.43 

20.30 

11.20 

6.58 

5.60 

4.34 

2.38 

1.96 

1.12 

4.06 


All  heifers 


Num- 
ber 
78 
29 
36 
27 
13 
10 
6 
5 
2 
6 


Per 

cent 

36.79 

13.67 

16.98 

12.73 

6.  13 

4.71 

2.83 

2.35 

.94 

2.83 


Total 


Num- 
ber 
381 
174 
116 
74 
53 
41 
23 
19 
10 
35 


fPer 

cent 

41.14 

18.79 

12.52 

7.99 

5.72 

4.42 

2.48 

2.05 

1.07 

3.77 


Table  3  shows  that  at  the  Beltsville  station,  where  the  breeding 
practice  is  somewhat  less  favorable  for  conception  than  in  many  com- 
mercial herds  because  of  various  kinds  of  experimental  work,  the 
chances  are  94.2  in  100  that  any  female  bred  will  eventuall}^  conceive, 
and  that  38.79  per  cent  of  females  bred  will  conceive  at  the  first  service. 
After  failure  to  conceive  on  the  first  service,  the  chances  are  90.9  in 
100  for  eventual  conception,  and  that  29  per  cent  will  conceive  at  the 
second  service.  Table  3  also  shows  the  chances  of  conception  after 
the  second  and  each  successive  mating  to  the  tenth.  The  animals 
bred  between  11  and  20  times  are  grouped  in  one  class,  and  those  bred 
between  21  and  30  times  are  grouped  in  another  class.  The  chances 
for  conception  and  for  failure  to  conceive  are  about  equal  after  the 
tenth  service.  The  percentage  of  animals  conceiving  at  each  succes- 
sive mating  after  the  first  service  gradually  decreased  until  the  tenth 
service,  after  which  there  was  much  fluctuation. 
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Table  3. — Distribution  of  matings  for  conception,  and  the  probability  of  conception 

for  each  service  and  additional  services 


Number  of  service 

Females 
bred 

Females  conceivmg 

Females  discarded  as 
sterile 

Chances 
in  100, 
imme- 
diately 
before 
service 
indicated, 
of  females 
ever  con- 
ceiving 

First             

Number 

982 

600 

424 

306 

228 

172 

129 

101 

80 

67 

58 

10 

Number 

381 

174 

116 

74 

53 

41 

23 

19 

10 

6 

27 

2 

Per  cent 
38.79 
29.00 
27.35 
24.18 
23.24 
23.83 
17.82 
18.81 
12.50 
8.95 
46.55 
20.00 

Number 
1 
2 
2 
4 
3 
2 
5 
2 
3 
3 
21 
8 

Per  cent 

0.10 

.33 

.47 

1.30 

1.31 

1.16 

3.87 

1.98 

3.75 

4.47 

36.20 

80.00 

Number 
94.2 

Second                                           - 

90.9 

Third                           

87.5 

Fourtii 

83.3 

Fifth                                        .          

79.4 

Sixth                          

74.5 

Seventli           -  -  

67.5 

Eighth 

63.4 

Ninth                               --- 

56.3 

Tenth               .-_ 

52.3 

Eleventh  to  twentieth.     

Twenty-first  to  thirtieth 

50.0 
20.0 

Diagnosis  of  permanent  sterility  was  made  only  when  the  animals 
were  slaughtered  and  the  genital  organs  carefully  examined.  Deci- 
sions were  not  made  because  of  the  number  of  services.  An  example 
is  that  of  a  cow  that  did  not  show  oestrum  and  was  not  bred  over  a 
period  of  two  years.  When  she  was  slaughtered  the  genital  organs 
were  found  to  be  so  diseased  that  conception  was  impossible.  The 
cows  bred  from  2  to  30  times  without  conception  perhaps  were  just  as 
sterile  on  the  first  as  on  the  last  service,  but  a  definite  decision  con- 
cerning their  condition  was  reached  only  when  the  animal  was 
slaughtered. 

Data  on  the  entire  herd,  as  presented  in  Table  4,  indicate  that  more 
services  were  recjuired  on  an  average  for  conception  after  abortion  than 
after  the  birth  of  a  normal  calf.  Data  from  abortion-positive  animals 
show  similar  results.  In  abortion-negative  cows,  however,  fewer  serv- 
ices were  required  for  conception  after  abortion  than  after  normal 
calving.  This  seems  to  indicate  that  abortions  caused  by  the  micro- 
organism. Brucella  abortus,  are  more  harmful  to  the  genital  organs  than 
normal  calvings. 

Table   4. — Number   of  services  for   conceptions   after   normal  calvings   and  after 

abortions 


Class  of  females 


Abortion-negative  group: 

Cows  bred  after  normal  calving 
Cows  bred  after  aborting 

Abortion-positive  group: 

Cows  bred  after  normal  calving 
Cows  bred  after  aborting. 

Entire  herd: 

Cows  bred  after  normal  calving 
Cows  bred  after  aborting 


Concep- 
tions 


179 
16 

276 
99 

455 
115 


Services 


517 
39 

772 
360 

,289 
399 


Services 
for  a  con- 
ception 


2.88 
2.43 

2.79 
3.63 

2.83 
3.40 
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COMPARISON  OF  COWS  AND  HEIFERS 

The  average  number  of  services  required  for  conception  in  abortion- 
negative  heifers  was  greater  than  the  number  required  in  abortion- 
negative  cows  throughout  the  8-year  period,  except  during  the  fiscal 
years  1925-26  and  1927-28.  Only  67  per  cent  of  the  conceptions  in 
heifers  occurred  on  or  before  the  third  service,  as  compared  with  73 
per  cent  in  cows.  The  average  number  of  services  for  heifers  was 
greater  than  for  cows.  A  larger  percentage  of  heifers  than  of  cows 
eventually  became  pregnant. 

PREVALENCE  OF  STERIUTY 

^Vn  attempt  is  made  in  this  work  to  ascertain  the  influence  of  abor- 
tion infection  on  permanent  sterility.  Other  phases  of  the  subject  are 
discussed  in  detail  on  page  12.  The  records  show  that  5  abortion- 
negative  and  18  abortion-positive  animals  became  permanently  sterile 
before  the  groups  were  separated,  and  that  10  abortion-negative 
and  27  abortion-positive  ammals  became  permanently  sterile  aftei- 
separation.  The  number  of  females  of  breeding  age  that  were  in  the 
two  herds  when  the  separation  was  completed  in  October,  1926,  and 
the  occurrence  of  permanent  sterility,  by  2-year  periods,  is  sho\\Ti  in 
Table  5.  The  data  show  that  19  of  the  abortion-positive  animals 
became  sterile  in  the  two  years  following  separation,  and  only  4 
abortion-negative  animals  became  sterile  in  tliis  period.  Of  the 
original  animals  left  in  these  two  herds  in  the  tliird  and  fourth  years 
aftar  separation,  6  animals,  or  13.63  per  cent,  in  the  abortion-nega- 
tive group,  and  8  animals,  or  12.12  per  cent,  in  the  abortion-positive 
group  became  sterile. 

Table    5. — Permanent    sterility   in   the   original   abortion-negative   and    abortion- 
positive  females  since  the  separation  of  the  two  groups 


Group 


Abortion-negative  females  of  breeding  age 
in  (October,  19'-'6  i 

Abortion-positive  females  of  breeding  age 
in  October,  1926  ^ 


Total 
females 


Number 
52 

101 


Females  ster- 
ile first  2  years 

Total 
females 
remain- 
ing at 
end  of 

2  years 

Vvmber 
4 

Per  cent 
7.69 

Number 
44 

19 

18.81 

66 

Females  sterile 
second  2  years 


Number 
6 


Per  cent 
13.63 

12. 12 


Total 
females 
remain- 
ing at 
end  of 
4  years 


Nii  mber 
33 

45 


'  Only  those  animals  that  have  remained  negative  to  the  agglutination  test  are  included  here. 
'  Only  those  animals  that  were  in  the  abortion-positive  herd  in  October,  1926,  are  included  here. 

The  fact  that  the  percentage  of  j)ermanent  sterility  was  givater  in 
abo'-tion-positive  animals  before  the  se])aration  of  the  grou]is  and  for 
two  years  following  soj)atution  than  during  the  third  and  foiuth  years 
after  separation,  indicates  that  the  bacteria  causing  abortion  disease 
are  more  virulont  when  both  susceptible  and  infected  animals  are 
kept  together,  and  that  the  disease  when  virulent  causes  sufficient 
(hitnage  to  tlio  genital  oigans  to  produce  stejility.  The  fact  that  the 
percentage  of  permanent  sterility  in  the  abortion-positive  animals  had 
decronsed  durmg  the  third  and  fourth  vears  after  sc])aration  indicates 
tliat  abortion  disease,  when  not  in  so  virulent  a  form  Iims  less  influence 
in  causing  stenlity.  Factors  other  than  those  causing  a])()rtion,  how- 
ever, operate  both  in  abortion-negative  and  abortion-positive  animals 
to  produce  sterility. 


RECORDS    OF   THE    BELTSVILLE    DAIRY    HERD 


AGES  AT  WHICH  STERIUTY  OCCURS 

The  frequency  with  which  stcrihty  occurred  at  various  ages  is 
shown  in  Table  6.  There  was  very  httle  sterility  in  heifers  and  young 
cows.  A  marked  increase  was  noticed  when  cows  became  mature, 
and  from  six  yeaji's  on  there  was  a  steady  increase  in  sterility.  Of  the 
242  heifers  bred,  5.27  per  cent  became  permanently  sterile  before 
reaching  5  years  of  age,  11.98  per  cent  before  reaching  8  years  of  age, 
and  16.94  per  cent  before  reaching  10  years  of  age.  The  two  cows 
bred  when  13  years  of  age  were  sterile. 

Table  6. — Age  distribution  at  which  -permanent  sterility  occurred  in  the  Beltsville  herd 


Age  (years) 

Females 

Sterile  females 

Age  (years) 

Females 

Sterile  females 

21 

Number 
242 
164 
173 
146 
104 
81 
76 

Number 
6 
3 
4 
5 
6 
5 
6 

Per  cent 
2.47 
1.83 
2.31 
3.42 
5.77 
6.17 
7.89 

9  

N'umber 

51 

20 

10 

4 

2 

1 

Number 
6 
8 
6 
3 
2 
0 

Per  cent 
11  76 

32 

4 

10 

11 

40.00 
37  50 

5 

12 

75.00 

6 

13 

100.00 

7 

14            ... 

0  00 

8 

'  Two-year  olds  as  given  liere  include  those  animals  bred  at  15  to  24  months  of  age. 

2  Only  animals  bred  are  included  in  this  table.  All  animals  were  on  official  test  during  their  first  lactation, 
and  some  of  them  were  not  bred  at  3  years  of  age.  This  makes  a  large  decrease  in  the  number  of  animals 
between  the  2-year  and  the  3-year  class. 

FERTILITY  OF  BULLS 

In  the  breeding  experiments  at  Beltsville,  sires  6  years  old  or  older 
are  used  more  than  young  bulls.     These  old  sires  are  handled,  as 


Figure  1.— Bull  exerciser  at  Beltsville,  Md. 

nearly  as  possible,  in  a  manner  to  keep  them  constantly  at  their 
optimum  efficiency.  Regular  exercise  and  the  addition  of  sprouted 
oats  to  the  ration  have  been  helpful  in  maintaining  tliis  efficiency. 

In  addition  to  increased  activity  and  normality  of  the  spermatozoa 
of  bulls  fed  sprouted  oats,  the  organs  of  elimination  seem  to  be  healthier 
than  in  animals  not  eating  sprouted  oats.  The  eciuivalent  of  5  pounds 
of  dry  oats  were  fed  when  sprouted,  each  day.  The  oats  were  fed 
when  the  sprouts  were  one-fourth  to  one-half  inch  long,  and  a  mass  of 
white  roots  was  present. 

Regular  exercise  seems  to  have  a  more  beneficial  effect  on  the  genital 
functions  of  bulls  than  any  other  treatment,  probably  because  exercise 
keeps  the  body  muscles  in  normal  tone  and  the  animal  is  more  vigorous 
and  active  as  a  result.     Bulls  are  also  more  docile  when  exercised. 
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The  animals  are  hitched  to  a  circular  exerciser  and  forced  to  walk  for 
approximately  VA  hom's  each  day.  It  is  thought  there  is  less  danger 
of  injury  with  this  method  of  exercising  than  with  treadmills. 

Microscopical  examinations  of  the  semen  of  herd  sires  were  made 
from  time  to  time  as  a  check  on  their  breeding  efficiency.  Aged  sires 
were  no  longer  fruitful  after  the  activity  of  their  spermatozoa  fell 
below  50  per  cent.  Attempts  to  rejuvenate  these  animals  did  not 
restore  the  normal  functions  of  their  genital  organs. 

The  details  of  the  morphological  and  physiological  studies  of 
spermatozoa  from  bulls  exercised,  from  those  on  various  nutritional 
rations,  from  aged  sires,  and  fro  in  those  in  which  rejuvenation  was 
tried,  are  not  included  in  tliis  bulletin. 

EFFECT  OF  SEASON  UPON  FERTIUTY 

A  summary  of  the  records  of  22  fertile  bulls  mated  with  fertile  cows 
from  January  1,  1926,  to  December  31,  1929,  inclusive,  are  presented  in 
Table  7.  On  an  average  more  services  were  required  for  a  conception 
during  July,  August,  and  September  than  during  other  months  of  the 
year.  The  average  number  of  services  rec^uired  for  a  conception  during 
these  three  months  was  4.05;  for  October,  November,  and  December, 
the  average  was  2.80;  the  average  during  January,  February,  and 
March  was  also  2.80,  while  the  average  for  April,  May,  and  June 
was  practically  the  same — 2.81.  This  is  contrary  to  what  might  be 
expected.  The  period  of  lowest  fertility  as  shown  here  would  be  the 
normal  breeding  season  for  the  American  bison,  as  reported  by 
Marshall.^  It  is  suggested  that  the  hot  weather  influences  the  func- 
tioning of  the  genital  organs  adversely.  Increased  genital  efficiency 
seems  to  have  been  associated  with  the  advent  of  autumn. 


Table  7 .-r-Summary  of  records  of  the  relation  of  season  to  fertility  of  S3  fertile  bulls 

for  four  years ^ 


Month 


January.. 
February 
March... 

.\pril 

May 

June 


.\verage 

Services 

Concep- 
tions 

services 
for  a  con- 
ception 

150 

57 

2.63 

10!) 

32 

3.41 

139 

53 

2.62 

123 

36 

3.42 

130 

53 

2.45 

124 

45 

2.  75 

Month 


July 

.\ugust 

September 
October... 
November 
December. 


Services 


124 
123 
122 
128 
118 
149 


Concep- 
tions 


29 
34 
28 
44 
36 
61 


.\veraK'e 
services 
for  a  con- 
cept ion 


4,28 
3.62 
4.36 
2.91 
3.28 
2.44 


COMPARISON  OF  YOUNG  AND  AGED  BULLS 

From  January  1,  1926,  to  April  10,  1930,  26  different  bulls  were 
used  as  herd  sires  in  various  breeding  experiments  at  the  Beltsville 
station,  10  of  them  in  1926,  12  in  1927,  20  in  1928,  and  1929,  and  17  in 
the  first  three  months  of  1930.  For  comparison  the  records  of  the 
})rccding  efficiency  of  these  26  bulls  are  shown  m  Table  8.  All 
animals  more  than  6  years  of  age  are  classed  as  mature  bulls,  and 
those  less  Ihuii  6  years  of  age  are  classed  as  young  bulls.  Eight  of  the 
bulls  were  mature  before  being  used  in  this  herd.  Of  the  18  3'oung 
bulls  used,  2  became  mature  within  the  time  these  records  were  made. 
The  records  of  these  2  bulls  made  before  they  were  6  years  old  appear 
iti  the  young-bull  class,  and  their  records  after  6  years  of  age  appear 
in  the  mature-bull  class.  They  are  Nos.  9  and  10  in  the  mature  class 
and  Nos.  11  and  12  in  the  yoimg-bull  class. 
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Table  8. 


RECORDS    OF   THE    BELTSVILLE    DAIRY    HERD 
— Comparison  of  the  breeding  efficiency  of  mature  and  young  bulls 

MATURK    BULLS 


9 


All  services 

Services  t 

J  fertile  females  only 

null  xo. 

Services 

Concep- 
tions 

Services 
for  a  con- 
ception 

Services 

Concep- 
tions 

Services 
for  a  con- 
ception 

1 .._ 

82 
121 
196 
235 

86 
268 
108 

44 
131 

32 

11 
19 
27 
40 
26 
77 
39 
12 
27 
11 

7.45 
(■>.  36 
7.25 
5.87 
3.30 
3.48 
2.76 
3.66 
4.85 
2.91 

38 
94 

158 

224 
S6 

226 
98 
41 

112 
32 

11 
19 
27 
40 
26 
77 
39 
12 
27 
11 

3.45 

2 

4.94 

3                                         

5.85 

4 _       -- 

5.60 

5 - - 

3.30 

6                                     -. 

2.93 

7    

2.51 

8 - 

3.41 

9                                       

4.14 

10      

2.91 

Total  or  average 

1,303 

289 

4.50 

1,  109 

289 

3.83 

VOUXG 

BULLS 

11 

74 

108 

76 

85 

89 

62 

85 

49 

48 

12 

7 

21 

47 

8 

12 

1 

1 

1 

29 

•     31 

28 

29 

34 

19 

25 

27 

21 

3 

5 

9 

14 

6 

5 

0 

1 

1 

2.55 

3.48 

2.71 

2.93 

2.61 

3.26 

3.40 

1.81 

2.28 

4.00 

1.40 

2.33 

3.35 

1.33 

2.40 

0 

1.00 

1.00 

66 
58 
72 
61 
73 
53 
85 
46 
43 
12 
7 

14 
46 
8 
9 
1 
1 
1 

29 

31 

28 

29 

34 

19 

25 

27 

21 

3 

5 

9 

14 

6 

5 

0 

1 

1 

2  27 

12 

1.87 

13 

2  57 

14 

2  10 

15 

16 - 

2.14 
2  78 

17 

3  40 

18 

1  70 

19 

2  04 

20 

21 

4.00 
1  40 

22  .  - 

1  55 

23 

3  28 

24 . 

25 

1.33 
1  80 

26 

0 

27 - 

1  00 

28 - 

1.00 

Total  or  average _  

786 

287 

2.73 

656 

287 

2  28 

Total  or  average,  all  bulls ... 

2,089 

576 

3.62 

•     1,765 

576 

3  06 

A  total  of  576  conceptions  resulted  from  2,089  matings,  an  average 
of  3.62  services  for  each  conception.  If  services  to  cows  that  re- 
mained sterile  are  omitted,  there  were  1,765  matings  with  fertile 
cows,  which  resulted  in  576  conceptions,  or  3.06  services  for  each 
conception.  More  services  were  requked  for  conception  when  mature 
bulls  were  used  than  when  young  bulls  were  used.  There  was  also 
a  considerable  variation  between  bulls  of  the  same  age,  as  can  be 
readily  seen  in  Table  8. 

RESULTS  OF  PREGNANCIES  TERMINATED 

Only  those  pregnancies  which  terminated  within  the  period  of  this 
study  are  considered  here.  The  pregnancies  terminated  in  living 
calves,  abortions,  and  dead  calves.  When  a  fetus  was  born  alive, 
normally  developed,  able  to  stand  and  nurse  its  dam,  it  was  designated 
as  a  lining  calf.  After  the  separation  of  the  abortion-negative  and 
abortion-positive  groups  all  fetuses  delivered  which  were  apparently 
lacking  in  intrauterine  development  were  termed  abortions.  The 
mummified  fetuses  in  both  the  abortion-negative  and  abortion-posi- 
tive herds  were  classified  as  calves  born  dead.  Other  calves  were  born 
dead  after  a  normal  period  of  gestation  and  were  fully  developed. 
The  majority  of  these  died  during  delivery,  some  were  unavoidably 
killed  by  the  attendants  dmdng  birth,  and  some  seem  to  have  been  dead 
before  labor  began. 
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UVING  CALVES,  ABORTIONS,  AND  CALVES  BORN  DEAD 

Table  9  shows  the  results  of  pregnancies  terminated.  Throughout 
the  8-year  period,  the  abortion-negative  animals  produced  more  living 
calves,  fewer  abortions,  and  more  dead  calves  than  the  abortion-posi- 
tive animals.  The  percentage  of  living  calves  in  the  abortion-nega- 
tive group  decreased  and  the  percentages  of  abortions  and  dead  calves 
increased  after  the  separation,  and  in  the  abortion-positive  herd  the 
percentages  of  living  calves  increased,  abortions  decreased,  and  dead 
calves  increased.  The  increase  in  percentage  of  calves  born  dead  can 
be  partly  explained  by  the  fact  that  a  number  of  heifers  in  the  abortion- 
negative  group  had  genital  tracts  which  were  too  small  to  deliver  live 
calves,  and  some  of  the  older  cows  in  the  abortion-positive  group  be- 
came sluggish,  relaxed,  and  listless  near  calving  time  and  delivered 
dead  calves. 

Table  9. — Results  of  pregnancies  terminated 


Item 


Abortion-negative  animals: 

Females  of  calving  age  in  lierd 

Number- 
Pregnancies  terminated do.-. 

Living  calves {percent: 

, ,    _. .  /Number- 
Abortions \Pereent. 

T-^     J      ,  fNumber. 

Dead  calves (pg^  cent. 

Abortion-positive  animals: 

Females  of  calving  age  in  herd 

Number. 

Pregnancies  terminated do. . . 

Living  calves -{peVcent." 

Abortions..... .{Ke'n^" 

I>ead  calves {^,"-,^- 


Before  the  separation 


1923'    1924'    1925'    1926' 


72 

48 

39 

81.25 

8 

16.  06 

1 

2.08 


.38 

29 

19 

65.  51 

10 

34.48 

0 

0.00 


70 

58 

54 

93. 10 

3 

5.17 

1 

1.72 


47 

25 

16 

64.00 

8 

32.00 

1 

4.00 


95 

54 

50 

92.59 

1 

1.85 

3 

5.55 


37 

30 

20 

66.66 

9 

30.00 

1 

3.33 


Total 


57 

34 

32 

94.11 

1 

2.94 

1 

2.94 


94 

67 

35 

52.23 

31 

46.86 

1 

1.49 


194 

175 

90.20 

13 

6.70 

6 

3.09 


151 

90 

59.60 

58 

38.41 

3 

1.98 


After  the  separation 


19271 


74 

48 

39 

81.25 

2 

4.16 

7 

14.58 


99 

61 

32 

52.45 

26 

42.62 

3 

4.91 


1928' 


80 

52 

42 

80.76 

3 

5.76 

7 

13.46 


86 

61 

47 

77.04 

9 

14.75 

5 

8.19 


19291 


93 

69 

59 

85.50 

6 

8.69 

4 

5.79 


83 

63 

46 

73.01 

12 

19.04 

5 

7.93 


19301   Total 


116 

87 

74 

85.05 

8 

.19 

5 

.74 


79 

61 

47 

77.04 

13 

21.31 

1 

1.63 


256 

214 

83.59 

19 

7.42 

23 

8.98 


246 

172 

69.91 

60 

24.39 

14 

5.69 


1  Year  ended  May  31. 

Before  the  groups  were  separated  all  abortions  in  the  abortion- 
negative  animals  were  single  births,  and  one  of  the  abortions  in  the 
abortion-positive  animals  was  twins.  Of  the  19  abortions  in  the 
abortion-negative  group  after  separation,  6  were  twins  and  13  were 
single  births.  One  of  the  60  abortions  in  the  abortion-positive  group 
was  twins. 

A  complete  record  of  bacteriological  and  pathological  studies  of 
aborted  fetuses  produced  by  abortion-negative  animals  in  the  period 
before  separation  is  not  available.  In  the  period  after  the  groups 
were  separated  such  studies  revealed  the  presence  of  BaciU/UK  'pyogenes 
in  one  case,  B.  coli  in  one  case,  streptococci  in  one  case,  and  no  Brvcella 
abortus  or  other  bttcteria  in  the  other  16  cases  of  a])ortion  in  tlie  abor- 
tion-negative group.  The  cause  of  the  abortions  in  these  16  cows  is 
unknown.  One  cow  in  the  abortion-n(^gative  group  has  aborted  tlu'ee 
times,  and  it  was  in  her  last  abortion  that  streptococci  were  found. 
The  B.  coH  M'ore  found  in  an  abortion  of  twins  and  the  B.  pyoqenes  in 
an  abortion  from  an  old  cow. 

Tiie  al)orti()ns  that  occuiTed  in  the  abortion-positive  group  have 
been  recorded  by  6-montli  periods  to  permit  of  a  comiiaiison  of  the 
}iboiti<ms  in  cows  that  were  in  the  positive  group  at  the  time  of  the 
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separation  with  those  of  cows  that  were  added  later,  from  the  negative 
group,  as  they  became  positive.  From  May  11  to  December  31,  1926, 
inclusive,  there  were  18  abortions.  Of  these  18  cases,  11,  or  61.11  per 
cent,  were  from  cows  that  were  in  the  positive  groups  at  the  time  of 
the  separation,  and  7,  or  38.89  per  cent,  were  from  animals  that  were 
added  to  the  group  later.  From  January  1  to  June  30,  1927,  inclusive, 
13  abortions  occurred.  Nine  of  these,  or  69.23  per  cent,  were  from 
cows  of  the  original  positive  group,  and  4,  or  30.77  per  cent,  were  from 
animals  added  later.  From  July  1  to  December  31,  1927,  inclusive, 
there  were  only  3  abortions.  One  of  these  was  from  a  cow  of  the 
original  positive  group  and  2  were  from  animals  added  later.  Only  2 
abortions  occurred  during  the  next  six  months,  1  from  a  cow  belonging 
to  the  original  abortion-positive  group  and  1  from  an  animal  added 
later.  In  the  period  from  July  1  to  December  31,  1928,  there  were  4 
abortions  from  cows  of  the  original  group  and  3  from  animals  added 
to  the  group  later.  From  January  1  to  June  30,  1929,  there  were  9 
abortions.  Two  of  these,  or  22.22  per  cent,  were  from  cows  of  the 
original  group,  and  7,  or  77.78  per  cent,  were  from  animals  added  later. 
From  July  1  to  December  31,  1929,  6  abortions  occurred.  One  abor- 
tion, or  16.67  per  cent,  was  from  a  cow  belonging  to  the  original  group, 
and  5,  or  83.33  per  cent,  were  from  animals  added  to  the  group  later. 
In  the  first  six  months  in  1930,  there  were  4  abortions  in  animals  that 
had  been  added,  and  none  in  animals  of  the  original  group.  In  this 
4-year  period  59  abortions  occurred,  and  of  these,  26  were  in  animals 
in  the  abortion-positive  group  at  the  time  of  the  separation  and  33 
were  in  animals  that  became  positive  later.  Of  the  26  abortions  in 
the  original  positive  group,  20  occurred  in  the  first  year  after  the 
separation.  These  data  may  indicate  that  the  abortion  infection  loses 
its  virulence  when  abortion-positive  cows  are  kept  by  themselves,  or, 
as  appears  more  lilvely,  the  abortion-positive  cows  develop  a  certain 
resistance  or  tolerance  to  the  infection  that  is  sufficient  to  enable 
them  to  retain  the  fetus  to  full  term. 

EFFECT  OF  AGE  ON  CALVING  EFFICIENCY 

The  distribution  of  calving  efficiency  by  age  of  dam  and  number  of 
pregnancy  is  shown  in  Table  10. 

Table  10. — Distribution  of  pregnancies  lenninated  before  and  after  the  separation  of 
the  abortion-positive  from  the  abortion-negative  cows 


Class  of  cows  and 
number  of  pregnancy 

Before  separation 

After  separation 

Living 

calves 

Abortions 

Dead  calves 

Living  calves 

Abortions 

Dead  calves 

Abortion-negative: 

First 

Num- 
ber 
41 
42 
34 
24 
9 
25 

Per 

cent 
83.67 
93.  33 
89.47 
100.00 
75.00 
96.  15 

Num- 
ber 
4 
3 
3 
0 
2 
1 

Per 
cent 
8.16 
6.67 
7.89 
0.00 
16.67 
3.85 

Num- 
ber 
4 
0 
1 
0 
1 
0 

Per 

cent 

8.16 

0.00 

2.63 

0.00 

8.33 

0.00 

Num- 
ber 
73 
41 
29 
23 
19 
29 

Per 

cent 
78.49 
87.23 
90.62 
95.83 
82.60 
78.38 

Num- 
ber 
6 
4 
1 
1 
2 

5 

Per 
cent 
6.45 
8.51 
3.12 
4.17 
8.70 
13.51 

Num- 
ber 
14 
2 
2 
0 
2 
3 

Per 

cent 
15.  05 

Second- 

4.26 

Third 

Fourth 

6.25 
0.00 

Fifth 

8.70 

Later 

8.11 

Total       

175 

90.  21 

13 

6.70 

6 

3.09 

214 

83.  59 

19 

7.42 

23 

2.98 

Abortion-positive: 
First 

11 

14 
15 
14 
11 
25 

39.29 
56.00 
60.00 
60.87 
68.  75 
73.53 

17 
9 

10 
9 
4 
9 

60.71 
36.00 
40.00 
39.  13 
25.00 
26.47 

0 
2 
0 
0 
1 
0 

0.00 

8.00 
0.00 
0.00 
6.25 
0.00 

8 
27 
42 
35 
24 
36 

28.57 
54.00 
79.24 
85.36 
77.42 
83.72 

19 
20 
10 

4 
4 
3 

67.86 
40.00 
18.87 

9.76 
12. 90 

6.98 

1 
3 

1 
2 
3 
4 

3.57 

Second- 

6.00 

Third 

Fourth 

1.89 

4.88 

Fifth 

9.68 

Later 

9.30 

Total. 

90 

59.60 

58 

38.41 

3 

1.99 

172 

69.92 

60 

24.39 

14 

5.69 
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In  the  abortion-negative  animals  the  greatest  percentage  of  living 
calves  were  born  of  the  fourth  pregnancies.  The  same  is  true  of 
abortion-positive  animals  after  the  separation  of  the  groups,  although 
older  animals  produced  more  living  calves  before  separation.  The 
smaller  percentages  of  live  calves  in  earlier  pregnancies  of  the  abortion- 
negative  animals  are  accounted  for  by  the  larger  number  of  calves 
born  dead  (the  reason  for  the  number  of  calves  born  dead  in  first 
pregnancies  has  been  given)  and  the  smaller  percentages  of  live  calves 
in  the  latter  pregnancies  were  a  result  of  the  larger  number  of 
abortions. 

The  greatest  percentages  of  abortions  in  the  abortion-negative 
animals,  after  the  separation  of  the  groups,  were  after  the  fifth  preg- 
nancies. In  the  abortion-positive  animals  the  greatest  percentage 
of  abortions  was  during  the  first  pregnancies.  A  sharp  decrease  in 
the  percentage  of  abortions  occurred  durhig  the  second  pregnancies, 
followed  by   a  gradual  decrease  in  succeeding  gestations. 

A  slight  error  may  have  entered  Table  10,  because  a  few  grade  cows, 
whose  ages  were  unknown,  had  been  purchased  early  in  the  history  of 
the  herd.  The  results  of  their  gestations  before  the  separation  of  the 
groups  were  counted  with  the  later  pregnancies  only.  The  age  and 
number  of  pregnancies  of  all  animals  in  the  groups  after  the  separation 
were  known. 

CAUSES  AND  TREATMENTS  OF  STERILITY 

Sterility  refers  to  the  loss  of  reproductive  power,  and  may  be 
temporary  or  permanent.  Aside  from  being  caused  by  obesity, 
starvation,  malformations,  and  systemic  diseases,  sterility  may  be 
caused  by  morbid  conditions  of  the  genital  organs,  and  it  occurs  also 
in  some  animals  where  no  signs  of  pathological  changes  can  be  found. 

Temporary  sterility  is  the  term  used  in  this  publication  to  describe 
the  condition  of  an  animal  that  conceives  after  four  or  more  matings. 
The  term  "permanent  sterility"  is  applied,  after  exhausting  present 
knowledge  of  diagnosis  and  treatment,  to  those  animals  that  do  not 
conceive.  Sometimes  as  many  as  20  services  over  periods  of  more  than 
two  years  have  failed. 

Pathological  conditions  of  the  genital  organs  readily  recognized  in 
the  living  animal  were  persistent  corpora  lutea,  ovarian  cysts,  atresic 
follicles,  and  some  inflammatory  changes  in  various  parts  of  the 
genital  organs. 

REMOVAL  OF  PERSISTENT  CORPORA  LUTEA 

Persistent  corpus  luteum  prevents  oestrum  in  the  cow.  T\Tien  a 
barren  cow  does  not  show  oestrum  for  a  long  period  the  condition  of  the 
annual  may  be  interpreted  as  being  shnilar  to  pseudopregnanc3^ 
The  retained  corpus  luteum  interferes  with  normal  conception.  Usu- 
ally when  the  corpus  luteum  is  removed  from  the  ovary  the  genital 
organs  })egin  to  function,  ccstnnn  showing  in  from  3  to  10  days. 
Somotinies  the  signs  of  ci'strinn  are  not  prominent  enough  to  be 
noticed,  and  the  residts  oC  r(>mov!il  of  tlic  corpus  luteum  may  be 
misiiit(Mpr(>ted. 

Results  of  the  removal  of  persistent  corj)orM  lutea  on  conception 
are  shown  in  Table  11. 
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Table  11. — Results  of  removing  persistent  corpora  luiea 


Class  of  cows 

Cows 

Days 

without 
oestrum 

Con- 
ceived 
on  first 
service 

Con- 
ceived 
later 

Not  yet 
pregnant 

Died,  not 
conceiv- 
ing 

Abortion-negative 

38 
26 

80 

78 

21 
11 

11 

11 

3 

2 

3 

Abortion-positive        ._  _.  . 

2 

Total  

64 

'79 

32 

22 

5 

5 

'  Average. 

It  has  been  the  practice  at  Belts ville  to  breed  cos\'s  during  the 
first  cestrum  observed  following  the  removal  of  corpora  lutea.  Fifty 
per  cent  of  those  bred  at  the  first  cestrum  following  the  rejnoval 
became  pregnant,  and  34  per  cent  conceived  when  bred  during  later 
oestrums.  The  data  in  Table  1 1  show  that  when  persistent  corpora 
lutea  are  removed  the  genital  organs  start  to  function  normally  and 
that  it  is  advisable  to  mate  the  cow  during  the  first  cestrun^. 

REDUCING  OVARIAN  CYSTS 

Ovarian  cysts  seem  to  manifest  themselves  in  two  ways:  (1)  By 
causing  irregular  oestrums,  and  (2)  by  causing  irregular  oestrums 
accompanied  by  nymphomaniac  symptoms.  The  first  type  of  cysts 
yield  readily  to  treatment  by  rupturing,  while  the  second  type  does 
not  respond  so  readily  to  this  treatment. 

Six  abortion-negative  and  13  abortion-positive  cows  have  been 
aft'ected  with  ovarian  cysts  since  the  groups  were  separated.  One 
abortion-negative  and  two  abortion-positive  cows  were  affected  more 
than  one  sexual  season;  therefore,  22  cases  of  ovarian  cysts  were 
observed  in  19  cows. 

01  the  22  cases,  4  appeared  in  the  second  sexual  season,  5  in  the 
third,  2  in  the  fourth,  6  in  the  fifth,  3  in  the  sixth,  1  in  the  seventh, 
and  1  in  the  ninth  sexual  season. 

Seventeen  cases  of  ovarian  cysts  appeared  while  the  cows  were  on 
official  test  and  five  cases  wliile  the  cows  were  not  on  official  test. 
All  of  the  cows  seemed  normal  and  in  good  flesh  before  the  ovarian 
cysts  appeared.  The  cysts  were  noted  during  8  of  the  first  10  months 
of  the  lactation  period. 

There  were  eight  cases  of  irregular  oestrums  mth  very  little  or  no 
excitement,  all  in  the  second  and  third  sexual  seasons,  and  all  re- 
sponded to  treatment  by  rupture  of  the  cysts. 

Nymphomaniac  symptonis  were  present  in  14  cases,  all  occurring 
after  the  second  sexual  season  and  only  5  of  these  animals  responded 
to  treatment. 

ATRESIC  FOLLICLES 

When  a  ripe  Graafian  follicle  fails  to  rupture  and  release  the  ovum, 
and  is  reabsorbed,  it  is  called  an  atresic  follicle.  The  animal  shows 
the  same  outward  symptoms  that  are  shown  when  an  ovum  is  released 
normally.  Obviously  conceptions  do  not  occur  following  matings  at 
these  times.  The  frequency  of  this  condition  in  cattle  is  not  known. 
It  has  been  found  in  four  living  heifers  and  in  one  dead  cow  in  the 
Beltsville  dairv  herd. 
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NFLAMMATION  OF  THE  GENITAL  ORGANS 

Inflammation  of  the  tubular  portions  of  the  genital  organs  may  be 
recognized  in  the  living  animal  when  it  is  severe  enough  to  cause 
gross  changes  in  the  tissues  or  secretions.  Often  the  inflammation  is 
so  inild  that  it  can  not  be  detected  readily,  or  it  may  have  subsided, 
and  the  damage  done  is  not  easily  recognized.  Sometimes  the  inflam- 
mation spreads  and  causes  damage  to  other  organs,  or  it  may  spread 
from  other  organs  to  the  genital  organs  and  form  adhesions  bet;\^een 
the  organs  involved,  or  tumors  that  interfere  with  the  normal  functions 
of  the  genital  organs.  Abscesses  involving  a  part  or  all  of  the  genital 
organs  may  develop,  causing  temporary  sterility  and  in  many  cases 
permanent  sterihty.  Injuries  and  the  common  pus-forming  bacteria 
are  responsible  for  most  of  these  pathological  inflammations.  The 
treatment  administered  is  the  same  as  that  for  similar  conditions  in 
other  parts  of  the  body,  in  so  far  as  the  location  and  morphology  of 
the  organs  allow.  In  the  abortion-negative  group  11  cases  have  been 
found,  and  in  the  abortion-positive  group  50  cases  have  been  en- 
countered, since  the  separation  of  the  groups. 

EXERCISE 

Inflammation,  ovarian  cysts,  excess  fat,  bodily  inactivity,  or  old 
age  may  cause  a  loss  of  tone  in  the  muscles  and  ligaments  supporting 
the  genital  organs.  Sometimes  this  lack  of  tone  extends  to  the  volun- 
tary muscles  of  the  body.  The  lack  of  tone  in  many  cases  is  due 
primarily  to  senilit}^,  which  is  sometimes  premature,  or  to  asthenia. 
The  weakness  may  be  general,  but  is  more  often  restricted  to  the 
genital  organs. 

The  influence  of  exercise  in  correcting  certain  forms  of  sterility 
in  19  cows  is  shown  in  Table  12.  Improvement  in  the  condition  of 
the  genital  organs  was  noted  in  all  of  the  cows,  except  in  the  one 
afFected  with  edema  of  the  walls  of  the  uterus,  w^hen  the  cows  were 
forced  to  take  exercise  by  being  driven  on  a  track  for  approximately 
two  hours  a  day  for  periods  varying  from  30  to  156  days.  It  seems 
that  forced  exercise  was  directly  responsible  for  the  improvement 
that  allowed  normal  conceptions  in  6  of  the  19  animals.  Five  more 
conceived  later,  and  8  remained  sterile. 


Table  12.- 

-Influence  of  forced  exercise  on  sterility  in  cows 

Time 

Services 

Services 

between 

Cow  No. 

Days 

exercised 

before 
start  of 

after  start 
of  exer- 

start of 
exercise 

Disturbances  preventing  conception 

exercise 

cise 

and  con- 
ception 

Days 

441 

130 

11 

3 

58 

Lack  of  muscular  tone. 

477 

156 

14 

3 

49 

Do. 

490. 

152 

9 

6 

(') 

Do. 

426 

64 

5 

2 

26 

Tumors  and  lack  of  muscular  tone. 

609 

65 

13 

2 

110 

Lack  of  muscular  tone. 

273 

105 

8 

4 

(') 

Do. 

450 

105 

7 

8 

223 

Do. 

457 

47 

8 

1 

38 

Do. 

468 

156 

0 

0 

(') 

Innixmmation  of  uterus,  tubes,  and  ovaries,  pus. 

442 

05 

7 

1 

(') 

Indammatioii  of  uterus. 

a3i 

105 

0 

7 

(') 

Indammaiion  of  uterus,  abscess. 

6.51 

30 

1 

6 

1(17 

Iidlauimalion  aroiuid  ovaries. 

264 

74 

n 

2 

0) 

Kiiema  walls  of  uterus. 

462 

156 

6 

4 

(') 

Ovarian  and  vaginal  cysts,  inflamniator>'  changes. 

nor, 

155 

8 

5 

133 

Ovarian  cysts,  .soft  uterus. 

iw 

105 

2 

1 

148 

Ovarian  cvsts 

020 

166 

g 

8 

0) 

Ilcifcr,  apparently  normal. 

644 

66 

6 

2 

53 

.\pparentlv  normal. 

662. 

106 

6 

9 

292 

Do. 

'  No  conception. 
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FEEDING  SPROUTED  OATS  TO  CORRECT  STERILITY 

In  cases  of  sterility  where  no  indication  of  pathological  changes  can 
be  found  in  the  genital  organs  and  conception  does  not  take  place,  the 
condition  may  be  called  a  functional  disturbance.  The  definite  cause 
of  such  sterility  is  unknown.  As  previously  mentioned,  experiments 
including  the  feeding  of  sprouted  oats  are  being  carried  on  at  the 
station  m  the  study  of  these  functional  disturbances  of  the  genital 
organs. 

It  has  been  found  that  for  this  purpose  the  oats  are  most  effective 
when  gerininated  until  the  sprouts  extend  through  the  grains  from 
one-fourth  to  one-half  inch  and  a  mass  of  white  roots  is  formed. 
Cattle  eat  oats  germinated  to  this  stage  more  readily  than  when  the 
sprouts  are  longer.  Quantities  of  sprouted  oats  equivalent  to  2^  to  5 
pounds  of  dry  oats  have  been  fed  daily  during  the  feeding  period. 

In  sprouting  oats,  it  has  been  found  advantageous  to  place  the 
desired  amount  of  dry  oats  in  a  sack  and  soak  for  24  hours  in  a  tub 
or  barrel  of  water  to  which  a  small  amount  of  formalin  (1  ounce  of 
formalin  to  50  gallons  of  water)  has  been  added  for  the  purpose  of 
preventing  mokl.  After  the  sack  of  oats  is  removed  from  the  water, 
it  is  placed  on  the  floor  for  24  hours  during  warm  weather  and  for 
48  hours  during  cold  weather,  then  the  oats  are  spread  in  the  pans  or 
trays  of  an  ordinary  sprouter,  or  placed  m  drums,  or  spread  to  a 
thickness  of  about  2  inches  on  a  clean  floor.  It  requires  approxi- 
mately three  days  to  produce  sprouts  one-fourth  to  one-half  inch  long 
from  oats  in  this  stage.  During  the  sprouting  period  the  oats  must 
be  kept  moist,  care  being  taken  to  prevent  too  much  moisture  in  one 
place  and  drying  in  another.  The  oats  seem  to  sprout  more  rapidly 
and  evenly  when  kept  at  a  temperature  of  75°  to  80°  F.  They  may 
be  fed  as  soon  as  the  desired  growth  is  obtained. 

The  advantage  of  sprouting  oats  in  pans  is  that  it  facilitates  feeding 
the  desired  amount  to  the  animal.  The  advantage  of  a  drum  sprouter, 
where  the  oats  are  transferred  from  one  drum  to  a  similar  drum  on  a 
low^er  level,  is  that  the  oats  are  easier  to  handle  during  the  sprouting 
period.  The  turning  of  the  oats  breaks  up  mold  growths,  it  also 
allows  air  to  come  in  contact  with  more  of  the  oat  grains,  and  it  helps 
to  keep  an  even  moisture  throughout  the  mass  of  sprouting  grain. 

The  plan  has  been  to  feed  sprouted  oats  to  cows  that  had  been  bred 
without  results  for  some  time  but  showed  no  pathological  conditions, 
and  to  feed  sprouted  oats  to  heifers  for  approximately  90  days  before 
they  became  of  breeding  age.  A  thorough  physical  examination  is 
made  of  each  animal  to  determine  whether  there  are  any  pathological 
conditions  that  might  prevent  conception. 

The  experiment  requiring  the  comparison  of  the  results  of  genital 
activity  of  animals  fed  sprouted  oats  and  animals  not  fed  sprouted 
oats  has  not  progressed  far  enough  to  be  reported.  In  the  results 
recorded,  it  has  been  assumed  that  animals  which  had  to  be  bred  four 
or  more  times  after  they  began  to  eat  sprouted  oats  were  not  benefited 
by  this  treatment. 

'Table  13  is  a  smmnary  of  the  breeding  records  of  animals  that 
appear  to  have  been  benefited  by  sprouted  oats,  as  shown,  by  the 
small  number  of  services  required  for  conception  after  the  animals 
were  started  on  sprouted  oats  as  compared  with  the  number  of  sterile 
matings  before  sprouted  oats  were  fed. 
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Table  13. — Influence  of  sprouted  oats  fed  to  apparently  normal  animals  that  were 

temporarily  sterile 


Class  and  cow  No. 


Abortion-negative 

268 

291  — 

467 

416.- 

496.. 

601 

424 

290 

819 

831 

631.... 


Services 

Time 

between 

start  of 

feeding 

Before 

After 

sprouted 

-start  of 

start  of 

oats  and 

feeding 

feeding 

concep- 
tion 

Days 

2 

2 

33 

2 

2 

34 

7 

1 

19 

6 

2 

45 

S 

1 

24 

3 

1 

31 

5 

1 

19 

3 

3 

91 

4 

1 

53 

5 

1 

24 

2 

1 

5 

Class  and  cow  No. 


Abortion-positive 

457 

426... 

488.-.- 

457 

609 

644 

625 

651 


Services 

Before 

After 

start  of 

start  of 

feeding 

feeding 

5 

3 

16 

2 

7 

1 

9 

3 

13 

2 

5 

0 

1 

1 

4 

3 

Time 
between 
start  of 
feeding 
sprouted 
oats  and 
concep- 
tion 


Days 


71 
42 
48 
77 

123 
60 
68 

100 


In  addition  to  the  animals  listed  in  Table  13,  11  abortion-negative 
cows  that  had  been  bred  an  average  of  4.45  times  were  fed  sprouted 
oats,  but  it  was  found  upon  examination  that  these  animals  had  con- 
ceived on  an  average  of  12.91  days  before  the  feeding  began,  also 
3  abortion-negative  heifers  that  had  been  bred  4  times  each  before 
being  placed  on  the  sprouted-oat  ration  were  found  to  have  conceived 
on  an  average  of  12.33  days  before  the  feeding  began.  Eleven  abor- 
tion-positive cows  that  had  been  bred  an  average  of  4.63  times  were 
fed  sprouted  oats,  but  it  was  found  upon  examination  that  these 
animals  had  conceived  on  an  average  of  28.09  da^^s  before  feeding 
began,  also  2  abortion-positive  heifers  that  had  been  bred  3  and  4 
times,  respectively,  before  being  placed  on  the  sprouted-oat  ration 
were  found  to  have  conceived  21  and  24  days,  respectively,  before 
feeding  began.  It  seems  probable  that  sprouted  oats  may  contain  a 
vitamin,  or  a  hormone  in  quantities  sufficient  either  to  prevent  early 
abortions  or  reabsorption  of  the  embryo,  or  to  aid  implantation  of  the 
newly  fertilized  ovum. 

Three  abortion-negative  cows  were  fed  sprouted  oats  before  being 
bred.  One  of  these  cows  conceived  on  the  first  mating,  and  the  other 
two  required  two  services  each.  These  cows  were  fed  20  to  137  days, 
respectively,  before  becoming  pregnant.  Four  abortion-positive  cows 
were  placed  on  the  sprouted-oat  ration  before  being  bred.  Two  of 
these  cows  concei\  ed  on  the  first  service,  and  the  other  two  required 
two  and  three  services,  respectively.  These  cows  were  fed  15  to  46 
days  before  conceiving. 

Thirty  abortion-negative  heifers  were  fed  sprouted  oats  before  being 
))red.  Twenty-four  of  these  were  fed  a])proxhnately  90  days  before 
they  reached  breeding  age,  and  6  were  fed  a  shorter  time.  Seventeen 
conceived  at  the  firstmating,  4  at  the  second,  and  9  at  the  third,  making 
an  average  of  1.73  services  for  initial  C()nce])tion.  One  abortion-posi- 
tive heifer  which  was  fed  sj)routed  oats  before  being  bred,  conceived 
at  the  first  service. 

In  cases  where  more  than  three  ser\aces  were  required  for  con- 
ception after  the  feeding  of  oats  started,  the  conce])tion  was  not 
attributed  to  any  benefit  derived  from  the  use  of  sprouted  oats, 
Cases  in  this  class  are  described  below. 
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Three  abortion-negative  and  8  abortion-positive  cows  whose  genital 
organs  appeared  normal  required  four  or  more  services  for  conception 
after  being  fed  sprouted  oats,  also  18  abortion-negative  and  2  abortion- 
positive  heifers  having  normal  genital  organs  required  four  or  more 
services  for  conception. 

Sprouted  oats  were  fed  to  3  abortion-negative  and  16  abortion- 
positive  cows  which  also  received  other  treatment  while  showing 
pathological  changes  in  the  genital  organs.  One  of  the  abortion- 
negative  cows  and  7  of  the  abortion-positive  cows  became  pregnant; 
the  others  remained  sterile. 

In  sunmiarizing  the  results  of  feeding  sprouted  oats  it  appears  that 
57  females  were  directly  benefited  and  31  were  not  benefited,  as  judged 
by  the  number  of  services  required  to  produce  conception.  It  is  not 
definitely  known  whether  feeding  sprouted  oats  was  beneficial  to  the 
27  females  that  conceived  to  a  service  just  previous  to  the  start  of 
feeding.  There  is  no  evidence  to  show  that  sprouted  oats  were  help- 
ful to  the  cows  showing  pathological  changes  in  the  genital  organs. 

CONTROL  OF  ABORTION  DISEASE 

Abortion  disease  was  very  seriously  interfering  with  the  progress  of 
the  breeding  and  nutritional  investigations  in  the  BeltsviUe  herd; 
therefore  an  attempt  was  made  to  control  the  disease  by  separating 
the  abortion-positive  animals  from  the  abortion-negative  animals  and 
handling  them  in  two  separate  herds.  Diagnosis  of  the  disease  was 
made  by  the  agglutination  test. 

In  May,  1926,  71  abortion-positive  females  were  moved  to  new  quar- 
ters approximately  one-half  mile  from  the  original  barns.  Because 
of  certain  experimental  work  that  was  in  progress  14  abortion- 
positive  females  were  kept  in  one  of  the  original  barns,  but  separate 
from  abortion-negative  animals,  until  October,  1926,  when  they  were 
moved  to  the  new  quarters  and  placed  with  the  other  abortion-posi- 
tive animals. 

After  the  abortion-positive  animals  were  moved,  the  barns  were 
thorouglily  scrubbed  wdth  hot  water  and  soap  and  a  disinfectant 
applied.  The  yards  were  scraped,  and  the  scrapings  and  all  litter 
were  moved  to  cultivated  fields.  Two  crews  have  been  maintained, 
one  for  the  abortion-negative  herd,  the  other  for  the  abortion-positive 
herd. 

The  same  bulls  have  been  used  on  abortion-negative  and  abortion- 
positive  females  with  no  apparent  bad  results  to  date.  Breeding  has 
always  been  done  on  neutral  ground.  Calves  from  the  abortion- 
positive  cows  have  been  kept  on  the  abortion  premises  and  fed  milk 
from  the  abortion-positive  herd  until  they  were  60  days  old;  then  they 
were  fed  milk  from  the  abortion-negative  herd  until  they  were  moved 
to  the  negative  premises  10  days  later.  All  straw,  manure,  and  dirt 
were  cleaned  from  their  bodies  before  they  were  placed  in  the  barns 
on  the  negative  premises.  Only  milk  from  the  abortion-negative 
herd  has  been  fed  to  animals  at  the  abortion-negative  part  of  the  farm. 
All  litter  and  waste  from  the  abortion-positive  herd  has  been  moved 
to  cultivated  fields  or  placed  on  the  abortion-positive  premises. 
However,  milk  from  the  abortion-positive  herd  has  been  brought  to 
the  milk-handling  room  on  the  abortion-negative  part  of  the  farm, 
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and  official  testing  of  milk  from  abortion-positive  animals  has  been 
done  in  the  same  building  in  which  the  milk-handling  or  dairy  room 
is  located. 

Between  May,  1926,  when  some  of  the  abortion-positive  animals 
were  separated  from  the  original  herd,  and  October,  1926,  when  the 
remainder  of  the  abortion-positive  animals  were  moved  away  from 
the  original  bai-ns,  24  animals  in  the  abortion-negative  herd  reacted 
to  the  agglutination  test  and  were  added  to  the  abortion-positive 
herd.  Some  of  these  animals  may  have  been  infected  before  the 
herds  were  separated,  some  may  have  become  infected  through  calf 
manure  that  was  placed  on  a  pasture  by  mistake,  and  some  may  have 
become  infected  through  the  abortion-positive  animals  remaining  at 
the  original  barns  during  the  interval.  In  the  following  two  years 
eight  abortion-negative  animals  became  abortion-positive  and  were 
moved  from  the  original  barns.  Eleven  animals  became  infected 
during  the  third  year.  During  the  fourth  year  no  abortion  infection 
occurred  in  the  negative  herd.  A  total  of  43  females  have  become 
positive  to  the  agglutination  test  for  abortion  disease  since  the  herds 
were  separated  in  May,  1926. 

Possible  sources  of  infection  entering  the  abortion-negative  herd 
have  been  the  handling  of  the  milk  from  the  abortion-positive  herd 
on  the  abortion-negative  farm,  the  delivering  of  feeds  and  hauling  of 
manure  from  the  two  herds  by  the  same  men  and  equipment;  \dsitors 
coming  into  the  abortion-negative  herd  after  ha^dng  been  among  the 
animals  of  the  abortion-positive  herd.  The  use  of  straw  from  dairy 
districts  where  abortion  disease  might  exist  is  also  a  possible  source  of 
infection. 

When  infection  does  enter  the  abortion-negative  herd,  it  takes 
some  time  to  eliminate  the  disease  again.  An  example  of  the  diffi- 
culty encountered  in  preventing  the  spread  of  infection  is  that  of  a 
heifer  which  aborted  in  the  pasture  of  the  abortion-negative  herd 
before  it  was  kno^\^l  that  she  was  infected. 

The  agglutination  test  was  applied  to  the  abortion-negative  herd 
every  60  days  during  1926,  twice  a  year  during  1927  and  1928,  and 
eveiy  60  days  during  1929  and  up  to  July,  1930. 

Table  14  shows  the  number  of  animals  that  became  infected  in  the 
abortion-negative  herd  in  a  4-year  period.  A  greater  number  of  cows 
became  positive  immediately  after  the  separation  than  at  any  time 
later.  The  number  of  females  of  breeding  age  has  steadily  increased 
in  the  abortion-negative  herd. 

Table  14. — Distribution  of  abortion-positive  animals  removed  from  the  abortion- 
negative  herd  in  a  period  of  four  years 


Date  animals  were  moved 


IMay,  1026 

June,  1026 

July,  192(5..  

September,  1910 
Noveniher,  1928. 

March,  I'.i27 

June,  11127 

May,  1928 


Females 
in  neca- 
livp  lienl 
Ihiil  t)e- 
Ciune  in- 
fected 


85 
0 

g 

7 
1 
I 
1 
4 


Females 
that  re- 
mained 
in  ne);a- 
live  herd 


71 
73 
65 
65 

78 

81 

80 

107 


Date  animals  were  moved 


OctdhiT,  1928.. 
.huuiury.  1929.. 
February.  1929 
March,  1929... 

Mav,  1925) 

June,  I921» 

May,  1930 


Females 
in  nega- 
tive herd 
that  be- 
came in- 
fected 


Female,s 
that  re- 
mained 
in  nega- 
tive herd 


107 
113 
109 
108 
118 
120 
139 
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OTHER     ABNORMAL     CONDITIONS     ENCOUNTERED,     TREATMENTS, 

AND  FATALITIES 

Disease  or  abnormal  conditions  encountered  in  the  Beltsville  dairj- 
herds  since  the  separation  may  be  classed  mider  the  following  head- 
ings: Nutritional  disturbances,  foreign  bodies,  lung  troubles,  injuries 
and  lameness,  miscellaneous  troubles  including  umbilical  hernia,  um- 
bilical infections,  lumpy  jaw,  diphtheria,  eczema,  parasites,  forage 
poisoning,  lead  poisoning,  septicemia,  retained  placenta,  difficult 
calving,  and  troubles  of  an  undetermined  nature. 

The  troubles  and  diseases  encountered  in  the  calves  are  listed  in 
Table  15,  while  the  troubles  and  diseases  encountered  in  animals  over 
1  year  of  age  are  listed  in  Table  16. 

Table  15. — Morbid  conditions  encountered  in  calves 


Troubles  encountered 


Nutritional  disturbances 

Lung  trouble 

Udder  troubles 

Injuries  and  lameness 

Umbilical  hernia 

Umbilical  infection 


Cases 

Deaths 

132 

24 

82 

26 

2 

0 

38 

5 

4 

1 

10 

0 

Troubles  encountered 


Diphtheria 

Eczema 

Exposure  to  cold 

Anomalies 

Weak  at  birth .  _ . 
Undetermined-.. 


Cases 


Deaths 


Table  16. — Morbid  conditions  found  in  animals  over  1  year  old 


Conditions  en- 
countered 


Nutritional  distur- 
bances  

Foreign  bodies 

Lung  troubles 

Udder  troubles 

Injuries  and  lame- 
ness  

Umbilical  infection. 
Lumpy  jaw 


Animals 

Cases 

Deaths 

153 

241 

4 

17 

17 

17 

7 

7 

1 

76 

81 

0 

115 

159 

2 

1 

1 

0 

3 

3 

2 

Conditions  en- 
countered 


Eczema 

Forage  poisoning.. 

Lead  poisoning 

Septicemia 

Retained  placenta- 
Assistance  to  cows 

calving 

Undetermined 


Animals 

Cases 

5 

5 

1 

1 

3 

3 

6 

6 

54 

64 

30 

32 

2 

2 

Deaths 


NUTRITIONAL  DISTURBANCES 

Digestive  disturbances  encountered  in  the  mature  animals  include 
refusal  to  eat,  overloading  of  the  rumen  and  its  refusal  to  work,  intoxi- 
cation from  eating  moldy  or  spoiled  feed,  lack  of  moisture  in  the 
digestive  tract,  serious  bloat,  impaction,  constipation,  diarrhea,  and 
in  calves  twisting  of  the  abomasum,  and  so-called  white  scours. 
Treatment  varies  with  each  case  and  is  dii'ected  at  the  removal  of  the 
undesirable  substance  from  the  digestive  tract  and  the  elimination  of 
the  cause. 

Three  of  the  four  deaths  among  the  mature  animals  were  from  bloat 
and  one  from  a  severe  case  of  gastroenteritis.  Of  the  24  calves  that 
died,  5  died  of  varying  degrees  of  gastritis  while  being  used  for  a 
feeding  experiment,  between  the  ages  of  19  to  59  days.  Twisting  of 
the  abomasum  was  responsible  for  the  death  of  2  calves  at  the  ages  of 
24  and  60  days,  respectively.  The  other  17  calves  died  of  gastro- 
enteritis, at  ages  ranging  from  6  to  193  days. 

Seven  cows  have  been  affected  with  a  disease  or  disturbance  that 
has  not  been  diagnosed.  They  walked  stiffly,  showed  pain  at  the 
slightest  touch,  some  of  them  were  unable  to  get  up  for  several  days, 
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their  backs  were  dra-wTi  up  in  a  hump  or  bent  sidewise  and  other 
joints  of  the  body  were  partly  flexed,  but  the  appetite  was  not  notice- 
ably disturbed.  Three  calves  similarly  aft'ected  showed  the  same 
symptoms  accompanied  by  mild  rickets.  The  symptoms  were 
noticed  in  the  cows  wdthin  a  month  after  freshening  and  in  calves 
between  1  and  2  months  of  age.  All  of  these  animals  responded 
readily  when  calcium  lactophosphate  or  calcium  chloride  was  admin- 
istered in  small  doses  daily. 

FOREIGN  BODIES 

The  foreign  bodies  most  frequently  found  in  Beltsville  animals  were 
pieces  of  wire  and  nails.  In  12  of  the  17  cases  the  diaphragm  had 
been  pierced.  In  3  cows  A\dres  were  found  in  the  liver.  One  cow  died 
as  the  result  of  wire  passing  from  the  stomach  through  the  abdominal 
wall.  Another  animal  had  swallowed  a  metal  burr  that  ruptured  the 
fourth  compartment  of  the  stomach. 

LUNG  TROUBLES 

Lung  troubles  include  congestion  and  inflammation  of  the  lungs 
and  their  coverings.  The  cow  that  died  of  pneumonia  had  been 
affected  intermittently  from  calfhood  to  maturity.  It  is  thought  that 
most  of  the  calves  became  affected  from  exposm-e  to  cold  drafts  of  air. 
Light,  cleanliness,  ventilation,  and  an  even  temperature  have  been 
found  to  be  most  efficient  aids  in  the  treatment  of  lung  troubles. 
The  age  of  the  26  calves  that  died  of  lung  troubles  ranged  from  13  to 
304  davs. 

UDDER  TROUBLES 

Twenty-three  cows  in  the  abortion-negative  herd,  33  cows  in  the 
abortion-positive  herd,  and  2  calves,  were  affected  with  mammitis. 
Some  of  the  cases  of  manmiitis  in  older  cows  appeared  near  the  end  of 
long  lactation  periods,  and  the  cause  has  not  been  ascertained.  Other 
cases  of  mamndtis  in  cows  apparently  were  the  result  of  bruises  and 
poor  milkers.  Udders  were  injured  most  frequently  when  cows  were 
in  oestrum.  Udder  injuries  in  the  two  calves  may  be  attributed  to 
other  calves  sucking  them.  The  most  satisfactory  treatment  applied 
in  cases  of  mammitis  has  been  the  hastening  of  elimination,  frequent 
milking,  and  massage. 

Cowpox  has  given  practically  no  trouble  in  the  Beltsville  herds. 
It  has  been  present  in  a  very  mild  form  in  several  barns  but  lasted 
only  a  short  time. 

INJURIES  AND  LAMENESS 

Injuries  included  bruises  and  broken  ribs  from  blows  received  by 
animals  while  fighting;  bruises  caused  by  running  into  fences  and  by 
striking  the  brisket  on  mangers  and  watering  troughs;  broken  bones 
resulting  from  animals  getting  caught  in  partitions;  foreign  objects 
such  as  straw  and  splinters  in  the  eyes;  and  ])uncturc  wounds  made  by 
forks  and  nails.  Several  calves  were  hijurod,  some  of  them  fatally, 
by  being  stepped  on  by  their  dams.  Treatment  to  fit  the  conditions 
was  given. 

Injury  to  the  lower  jaw  of  a  cow  caused  her  death.  A  deposit  of 
urine  in  the  subcutaneous  tissue  and  muscles  tliroughout  the  lower 
|)tirt  of  the  body,  as  a  result  of  a  rent  in  the  lu'ethra,  was  responsible 
for  the  death  of  a  bull.     The  injury  occurred  during  coitus.     Inj\u-ies 
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such  as  broken  vertebra  in  the  back,  crushed  ribs,  and  bruised  bodies 
were  responsible  for  the  deaths  of  five  calves  ranging  in  age  from  3  to 
337  days. 

Most  of  the  lamenesses  were  due  to  foot  rot,  stone  bruises,  and  naU 
punctures.  In  the  younger  animals  the  so-called  foot  rot  usually  was 
located  between  the  digits;  and  in  the  older,  heavier  animals  the  sole 
was  more  frequently  affected.  Three  abortion-positive  cows  were 
affected  with  enlarged  joints.  Foot  rot  has  been  treated  successfully 
by  the  use  of  formalin  solution. 

MISCELLANEOUS  TROUBLES 

Of  the  four  cases  of  umbilical  hernia,  two  were  those  of  calves 
which  were  successfully  treated  by  surgical  interference,  one  was  that 
of  a  grade  bull  calf  which  was  disposed  of  without  treatment,  and  one 
was  that  of  a  calf  which  died  before  it  was  72  hours  old. 

Most  of  the  umbilical  infections  in  calves  were  found  in  one  pen. 
Treatment  with  tincture  of  iodine  has  been  successful.  Thorough 
cleanliness  has  been  an  excellent  preventive. 

Treatment  of  lumpy  jaw  by  the  administration  of  potassium  iodide 
was  sufficiently  successful  to  carry  the  animals  affected  through  the 
experiments  in  which  they  were  included. 

Diphtheria  in  two  calves  was  successfully  treated  by  the  discrete 
use  of  formalin  solution  and  argyrol  solution. 

Eczemas  were  successfully  treated  by  hastening  elimination  and  the 
application  of  soothing  ointments. 

A  case  of  apparent  forage  poisoning  was  successfully  treated  by 
dilution  of  the  contents  of  the  digestive  tract  and  the  administration 
of  antitoxins.  Recovery  was  slow,  the  animal  taking  six  weeks  to 
return  to  normal  eating  and  drinking,  and  not  gaining  in  flesh  until 
five  months  later. 

The  eating  of  paint  that  had  been  spilled  in  a  lot  caused  the  death 
of  three  animals. 

One  calf  died  as  a  result  of  exposure  to  extreme  cold  when  it  was 
316  days  old. 

An  anomaly  causing  the  death  of  three  calves  was  the  lack  of  a 
passage  between  the  stomach  and  small  intestines.  These  calves 
died  on  the  second,  ninth,  and  tenth  days  of  life,  respectively. 

Septicemia  having  its  source  in  the  udder  was  responsible  for  the 
death  of  three  cows.  The  source  of  the  infection  was  not  found  in 
the  other  three  cows  that  died  of  septicemia. 

Removing  the  placenta  by  hand  48  hours  after  calving  has  been  a 
satisfactory  way  of  dealing  with  retained  placenta  in  the  Belts\alle 
dairy  herds. 

Reasons  for  difficult  births  were  abnormal  presentation  of  the  calf, 
lack  of  vigor  in  the  dam,  passages  too  small  for  a  normal  calf,  and 
the  calf  being  too  large  for  a  normal  passage. 

DISCUSSION  AND  SUMMARY 

Records  concerning  fertility  of  cows  and  bulls,  sterilitj^,  control  of 
abortion  disease  by  separating  positive  and  negative  animals,  and 
the  occurrence  of  other  diseases  in  the  animals  at  the  United  States 
Dairy  Experiment  Station  at  Beltsville,  Md.,  are  presented.  Infor- 
mation is  included  on  the  comparative  breeding  efficiency  and  calv- 
ing efficiency  of  abortion-negative  and  abortion-positive  groups  of 
animals. 


22        TECHNICAL  BULLETIN   321,   U.   S.   DEPT.   OF  AGRICULTVRE 

The  e^'idence  presented  shows  that  there  is  Httle  difference  in 
breeding  efhciency  between  abortion-negative  and  abortion-positive 
animals  when  periods  of  four  years  are  considered.  The  abortion- 
positive  animals  were  somewhat  more  efficient  when  kept  in  a  sep- 
arate herd  than  when  kept  with  the  abortion-negative  animals. 

The  percentage  of  heifers  that  conceived  was  as  large  as  the  per- 
centage of  cows  that  conceived,  bat  more  ser^^ces  were  required  for 
conception  in  heifers  than  were  recpiired  in  cows. 

More  ser\dces  were  required  for  conception  in  abortion-positive  ani- 
mals than  in  abortion-negative  animals,  both  before  and  after  sepa- 
ration of  the  two  groups.  The  nimiber  of  ser\'ices  for  conception  in 
abortion-positive  animals  after  separation  exceeded  the  number  re- 
quired before  separation. 

The  least  number  of  services  required  for  conception  was  in  the 
abortion-negative  cows,  and  the  greatest  number  was  required  by  the 
abortion-positive  heifers. 

A  study  of  the  distribution  of  services  shows  that  a  httle  more  than 
40  per  cent  of  the  conceptions  resulted  from  the  first  ser^-ice,  and  a 
little  more  than  70  per  cent  of  the  conceptions  residted  from  the  first 
three  services. 

A  greatsr  number  of  ser\dces  were  recpiired  for  conceptions  follow- 
ing abortions  than  were  required  for  conceptions  following  normal 
calvings.  This  indicates  that  it  takes  longer  for  the  genital  organs  to 
recuperate  after  an  abortion  than  after  a  normal  cahdng. 

The  number  of  mature  cows  that  became  sterile  was  larger  than 
the  number  of  immature  cows. 

More  services  were  required  for  a  conception  in  July,  August,  and 
September  than  in  other  months  of  the  year. 

Young  bulls  were  more  efficient  than  mature  bidls  when  mated  to 
fertile  cows. 

The  percentage  of  live  calves  bom  in  the  abortion-negative  group 
was  lower  after  the  separation  of  the  groups  than  before,  but  higher 
that  that  in  the  abortion-positive  group  in  either  period.  This  de- 
crease is  probably  due  to  the  increase  in  ninnber  of  calves  born  dead 
at  the  termination  of  first  pregnancies  and  to  the  increase  of  abortions 
in  old  cows. 

The  abortion  rate  decreased  in  the  abortion-positive  group  after 
separation  from  the  regular  herd,  except  when  newly  infected  ani- 
mals were  added.  There  was  no  decrease  in  abortions  during  the 
4-year  period  before  separation.  xVbortions  in  the  animals  of  the 
original  abortion-positive  group  decreased  rapidly  after  sei^aration, 
and  make  up  only  46.77  per  cent  of  the  total  abortions  in  the  abor- 
tion-positive herd. 

In  the  abortion-positive  females  more  abortions  were  found  among 
first  pregnancies  tlian  others.  Fewer  abortions  were  found  among 
mature  cows  after  separation  of  the  groups  than  before. 

Correct  diagnoses  are  essential  for  the  proper  handling  of  sterility. 
Some  of  the  morbid  conditions  of  the  genital  organs  that  may  be  as- 
certained readily  in  tlic  living  Miiirnal  are  ])orsistent  corpora  lutea, 
ovjirian  cysts,  atrcsic  follicles,  and  some  inliajujuatory  cluuiges. 

Data  presented  indicate  that  ocstiiuii  and  successful  breeding  fol- 
lowed the  removal  of  persistent  corpora  lutea  in  cows  failing  to  come 
in  heat. 
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Treatment  of  ovarian  cysts  was  successful  in  mild  cises,  and  unsuc- 
cessful in  the  majority  of  cases  where  nymphomaniac  symptoms  were 
present. 

Forced  exercise  was  beneficial  in  cases  lacking  muscular  tone. 

Data  are  presented  showinc;  the  number  of  services  before  and  after 
germinated  or  sprouted  oats  were  fed  to  cows  that  were  not  con- 
ceiving but  that  had  no  indications  of  pathological  conditions  in  the 
genital  organs.  Also,  breeding  data  are  given  on  heifers  fed  sprouted 
oats  before  being  bred. 

The  number  of  females  of  breeding  age  in  the  abortion-negative 
herd,  which  includes  the  offspring  from  the  positive  herd,  increased 
from  71  to  139  during  the  4-year  period  May,  1926,  to  May,  1930. 

The  abortion-positiA'e  females  decreased  in  number  from  85  to  68  in 
the  same  period.  This  decrease  came  about  through  disposing  of  old, 
sterile,  or  unsound  animals  and  also  as  a  result  of  the  fact  th^t,  since 
the  offspring  were  transferred  to  the  negative  herd,  there  was  no 
chance  for  increase  in  numbers  except  through  the  addition  of  newly 
infected  animals  from  the  negative  herd. 
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FOREWORD 

The  introduction  and  establishment  of  imjDortant  Malayan  para- 
sitic and  predacious  enemies  of  the  blackfly  in  the  American  Tropics, 
recorded  in  this  bulletin,  is  one  of  the  outstanding  successes  in  this 
rapidly  growing  field.  The  effort  was  a  cooperative  one,  supported 
by  Cuba  and  the  United  States.  The  blackfly  in  Cuba  has  been  for 
many  years  a  very  serious  obstacle  to  the  citrus  industry  and  had 
in  addition  a  fairly  wide  distribution  elsewhere  in  the  American 
Tropics.  The  interest  of  the  United  States  was  to  reduce  the  risk 
of  entry  of  this  pest  into  the  citrus  areas  of  Florida  or  other  of  our 
subtropical  areas,  and  also  as  provision  for  aid  in  future  control 

1  Aleurocanthus  woglumi  Ashby. 

2  The  authors  wish  to  acknowledge  the  many  courtesies  and  the  valuable  assistance 
rendered  during  the  course  of  the  foreign  investigations  by  the  officials  of  the  Departments 
of  Agriculture  of  the  Federated  Malay  States  and  of  the  Dutch  East  Indies.  J.  M.  Mc- 
Gough  has  assisted  in  the  colonization  work  in  Cuba  since  June,  1930.  and  D.  W.  Jones,  of 
the  r)ivision  of  Cereal  and  Forage  Insects,  was  present  in  an  advisory  capacity  during  the 
early  work  upon  the  imported  parasites  during  April  and  May,  1930.  James  Zetek,  in 
charge  of  the  Bureau  of  Entomology  laboratory  at  Balboa,  Canal  Zone,  rendered  valuable 
assistance  in  the  preparations  for  the  second  trip  to  Malaya  and  was  responsible  for  the 
colonization  and  establishment  of  Eretmocerus  serins  Silv.  in  Panama.  S.  C.  Bruner,  of 
the  E.stacion  Experimental  Agronomica  in  Cuba,  and  J.  J.  Bowman,  of  the  United  States 
Bureau  of  Plant  Industry,  made  the  citrus  canker  inspections  of  the  final  shipment. 
Determinations  of  the  species  dealt  with  in  this  bulletin  are  by  the  following  special- 
ists :  Chalcidoid  Hymenoptera  by  A.  B.  Gahan,  Coccinellidae  by  E.  A.  Chapin,  Lepidop- 
tera  by  C.  Heinrich,  and  Diptera  by  J.  R.  Malloch. 
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should  this  pest  at  any  time  succeed  in  establishing  itself  in  the  re- 
gions indicated.  As  to  Cuba,  the  present  indications  are  that  the 
blackfly  problem  has  been  solved.  The  more  important  of  the  in- 
troduced parasites  is  now  distributed  practically  throughout  the 
citrus-growing  areas  of  Cuba,  and  wherever  a  sufficient  time  has 
elapsed,  a  satisfactory  commercial  control  of  the  blackfl}'  has  re- 
sulted. This  parasite  has  also  been  distributed  from  Cuba  to  other 
points  in  the  West  Indies  and  Central  America  where  the  blackfly 
occurs.  It  seems  desirable,  therefore,  both  for  the  purpose  of  record 
and  with  the  object  of  giving  credit,  to  indicate  the  preliminary 
steps  which  led  to  the  undertaking  of  this  work.  The  persons  di- 
rectly concerned  with  its  execution  are  the  authors  of  this  bulletin. 

With  the  introduction  and  spread  of  the  citrus  blackfly  in  Cuba, 
the  desirability  was  apparent  of  establishing  there  and  at  other 
points  in  the  YVest  Indies  and  Central  America  the  controls  of  this 
new  pest,  parasitic  or  predacious,  which  might  be  found  in  its  coun- 
try of  origin,  and  it  was  agreed  that  such  effort  should  be  made  as 
soon  as  opportunity  and  funds  made  it  possible.  The  finding  by  the 
Italian  entomologist,  F.  Silvestri,  of  important  parasites  of  the 
blackfly  in  Malaya,  and  his  publications  on  this  subject  (19-26-27) 
gave  definite  information  of  the  existence  of  such  natural  controls. 
These  papers,  coming  to  the  attention  of  J.  F.  Tristan,  San  Jose, 
Costa  Eica,  led  him  to  make  inquiry  of  Professor  Silvestri  of  the 
possibilit}'  of  the  introduction  of  such  parasites,  and  the  latter  in 
reply  wrote  him  September  29,  1927,  indicating  that  in  his  belief 
such  introduction  into  the  West  Indies  and  Central  America  could 
be  easily  accomplished.  Professor  Tristan  published  Silvestri's 
letter  in'^Costa  Rica  and  presented  the  desirability  of  the  importation 
to  the  agricultural  society  of  that  country  but  without  action  being 
taken.  In  furtherance  of  such  importation,  however.  Professor 
Tristan  ti-ansmitted  March  5,  1928,  a  copy  of  Silvestri's  letter  to 
M.  M.  Marsh  of  the  United  Fruit  Co.,  who  in  turn  gave  it  to  J.  R. 
Johnston,  director  of  the  agricultural  research  department  of  that 
company.  Doctor  Johnston  sent  the  letter  to  the  Bureau  of  En- 
tomology, asking  for  verification  of  Professor  Silvestri's  observa- 
tions and  suggesting  the  possibility  of  financial  aid  from  govern- 
ments and  from  individuals  in  interest,  including  his  own  company. 
Subsequent  corres[)ondence  with  Doctor  Johnston  brought  out  the 
fact  that  the  Ignited  Fruit  Co.  was  not  in  position  to  assume  the 
full  cost  of  this  work.  The  bureau  was  unable  to  furnish  funds  to 
adequately  finance  the  importation,  but  as  a  cooperative  project  the 
bureau  agreed  that  it  should  take  the  lead  and  that  at  least  it  could 
furnish  by  transfer  a  thoroughly  experienced  specialist  to  make 
the  necessary  studies  and  undertake  the  importation  of  the  para- 
sites, if  the  travel  and  incidental  costs  could  be  cared  for  otherwise, 
and  Doctor  Jolmston  was  so  advised  under  date  of  April  3,  1928. 

The  interest  of  the  Government  of  Cuba  in  the  proposed  importa- 
tion of  parasites  of  the  blackfly  Avas  api)arently  initiated  in  June. 
1928,  by  J.  H.  Montgomery,  quarantine  inspector  of  the  State  Plant 
Board  of  Florida,  wlio  was  in  Cuba  and  bad  a  conference  with  the 
Secretary  of  AgriruHure,  Commerce,  and  Labor  of  Cuba,  Fugenio 
Molinet,  and  with  Ernesto  Sanchez.  Estrada,  Chief  of  the  Bureau 
of  Plant  Sanitation.     Tlic   idea  of  such   importation  was  received 
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very  favorably  by  those  officers  of  the  Cuban  Government.  Doctor 
Montgomery  reported  this  conference  to  the  State  Plant  Board  of 
Florida  at  its  July  meeting  of  that  year,  and  this  body  indicated  that 
it  felt  that  the  undertaking  should  be  handled  through  the  Bureau 
of  Entomology  of  the  United  States  Department  of  Agriculture.  The 
following  August  Doctor  Montgomery  was  in  Washington  and  re- 
ported his  conference  with  the  Cuban  authorities  to  the  Bureau  of 
Entomology,  and  the  proposed  cooperation  in  importation  of  para- 
sites of  the  blackfly  was  immediately  taken  up  with  the  Cuban 
Government  through  the  embassy  in  Washington.  It  was  indicated 
through  the  embassy  that  Cuba,  through  lack  of  trained  personnel 
for  the  technical  features  of  the  work,  would  be  glad  to  have  the 
United  States  Department  of  Agriculture  undertake  the  parasite 
studies  in  foreign  countries  and  the  work  of  importation  and  also 
the  handling  and  establishment  if  possible  of  the  parasites  in  Cuba, 
and  this  arrangement  was  made  a  part  of  the  final  agreement.  The 
original  idea  had  been  to  include  also  importations  of  parasites  of  the 
white  fly,  the  important  citrus  pest  of  Florida,  and  that  Florida 
should  contribute  to  the  cost,  and  such  contribution  to  the  amount 
of  $1,500  to  $2,000  was  indicated  as  a  possibility  in  a  letter  from  the 
plant  commissioner,  Wilmon  Newell,  of  August  8,  1928.  In  the 
workout  of  the  negotiations,  however,  with  Cuba,  through  the 
agency  of  A.  C.  Baker  of  the  Bureau  of  Entomology,  it  seemed  wiser 
to  confine  the  undertaking  specifically  to  importations  of  parasites 
of  the  blackfl3\  A  general  memorandum  of  agreement  was  there- 
fore draw^n  up  in  Cuba  with  the  assistance  of  Doctor  Baker  and 
Doctor  Montgomery,  and  these  documents,  dated  November  5,  were 
duly  signed  by  Secretary  Molinet  for  the  Cuban  Department  of 
Agriculture,  Commerce,  and  Labor,  and  later  by  Secretary  Jardine 
for  the  United  States  Department  of  Agriculture.  To  carry  out 
this  project  the  Cuban  Government  made  available  $10,000  for  the 
fiscal  year  1929  to  meet  the  costs  of  travel  and  expenses  concerned 
in  the  parasite  studies  in  Malaya  and  the  collection  and  shipment  of 
parasites  to  Cuba  via  the  United  States,  and  this  support  was  con- 
tinued into  1931.  The  contributions  of  the  United  States  Depart- 
ment of  Agriculture  altogether  practically  duplicated  this  expendi- 
ture and  covered,  as  already  indicated,  foreign  studies,  importation, 
establishment,  and  early  distribution  of  the  parasites  in  Cuba  and 
elsewhere  in  Central  America  and  the  West  Indies. 

C.  L.  Marlatt,  Chief  of  Bureau. 

INTRODUCTION 

The  citrus  blackfly,  Alcurocanthus  wogluini  Ashby,  has  become  in 
recent  years  a  major  pest  of  citrus  in  Cuba  and  various  other  islands 
of  the  West  Indies,  in  the  Bahamas,  and  in  some  sections  of  Central 
America.  Since  the  first  finding  of  the  species  in  Jamaica  in  1913 
it  has  spread  rapidly,  and  its  eventual  appearance  in  all  of  the 
tropical  sections  of  the  New  World  seems  probable.  Badly  infested 
leaves  wither  and  drop  off  as  a  result  of  injury  caused  through  ex- 
traction of  the  cell  sap  by  the  insects  in  feeding.  Such  defoliation 
weakens  the  tree,  interferes  with  its  normal  development  and  fruit- 
ing, and  makes  it  unsightly. 
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In  view  of  the  importance  of  this  pest  and  the  possibility  of  its 
introduction  Into  Florida  and  the  Gulf  States,  the  question  of  its 
control  became  urgent.  The  field  of  biological  control  was  consid- 
ered to  present  encouraging  possibilities,  particularly  in  view  of  the 
observations  by  Silvestri  (i(9,  12)^  in  the  Far  East.  This  ultimately 
led  to  the  formulation  of  a  cooperative  project  between  the  United 
States  Department  of  Agriculture  and  the  Department  of  Agri- 
culture, Commerce,  and  Labor  of  Cuba  for  the  importation  of  the 
natural  enemies  of  the  blackfly  from  tropical  Asia  into  Cuba  (fig.  1) 
and  other  infested  sections  of  the  West  Indies  and  Central  America. 


FiGUBE  1. — Tlie  insectary  at  the  Estacion  Experimental  Agronomica  at  Santiago  de 
las  Vegas,  Cuba,  \\liere  faL-ilities  were  provided  tor  tlie  rearing  and  colonization 
work  with  the  natural  enemies  of  the  citrus  blackfly.  (I'hoto  by  Cuban  Agri- 
cultural Experiment  Station) 

In  Cuba  the  colonization  work  has  been  in  close  cooperation  with 
the  Sanidad  Vegetal,  of  which  Ernesto  Sanchez  Estrada  is  chief. 
The  foreign  phase  of  the  work  was  started  by  the  senior  writer  in 
May,  1929.  The  necessary  studies,  with  the  later  shipments  of 
parasite  material,  covered  the  period  from  that  date  to  August, 
19;U,  and  involved  two  trips  to  tropical  Asia.  The  junior  writer 
took  charge  of  the  rearing  and  colonization  work  in  Cuba  in 
January,  1930. 

THE  CITRUS  BLACKFLY 

DISTRIBUTION 

The  various  sections  of  the  Far  East  in  which  Aleurocanthus  wog- 
luml  is  now  known  to  occur  are  shown  in  Figure  2.  The  earliest 
records  of  this  species  are  from  India,  Ceylon,  and  the  Philippine 
Islands.  Silvestri  {10,  12)  reports  it  at  Singapore,  Straits  Settle- 
ments, in  Indo-China,  and  in  soullu^rn  Cliina.  To  this  list  may  now 
be  added  Siam,  Malaya,  Java,  Sumatra,  and  Burma.  It  may  thei-e- 
fore  be  considered  to  be  of  general  distribution  throughout  the  tropi- 


» Italic  numbers  in  purontlicses  refer  to  Literature  Cited,  p.  58. 
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cal  and  subtropical  regions  of  Asia  below  latitude  25°  N.  The  dis- 
tribution of  this  species  in  tlie  East  Indies,  aside  from  Java  and 
Sumatra,  is  not  known,  though  its  <;eneral  occurrence  in  all  other 
sections  of  tropical  Asia  would  intlicate  its  presence  on  all  islands 


where  citrus  is  produced.  Its  dispersion  through  the  East  is  largely 
insured  by  the  presence  of  Chinese  settlements  in  all  countries  and 
islands  in  the  equatorial  region.  Invariably  the  Chinese  gardeners 
establish  small  nurseries  in  these  communities,  and  citrus  is  always 
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included  among  the  plants  grown.  Aside  from  the  ordinary  varieties 
used  for  fruit  production,  the  dwarf  trees  are  in  much  demand  foi 
ornamental  purposes.  These  are  brought  from  China  or  the  older 
settlements  in  Malaya  and  serve  as  a  ready  means  of  insect  intro- 
duction.    The  quarantine  regulations  now  in  effect  in  the  Dutch 


FwvuK  3. — Map  of  tlu>  Wost  Iii(li(s  and  Central  America,  showing  tlie  present 
fllstribution  of  the  eitrus  hlaelvlly.  Infested  islands  and  countries  are  shown  in 
black 

East  Indies  have  completely  stopped  the  movement  of  citrus,  except 
wliere  ceitified  as  free  from  ])ests,  but  such  measures  are  not  as  yet 
in  effect  in  most  of  the  other  tropical  countries. 

In  the  New  World  (fig.  ?>)  the  si)ecies  has  spread  from  tlie  original 
focus  in  .Jamaica  to  Cuba,  the  IJaliama  Islands,  Costa  Rica,  and 
I'anama.     The  Cuban  infestation  is  spreading  rapidly,  though  the 
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entire  island  is  not  yet  completely  infested.  Heavy  infestations  in 
these  sections  result  in  the  almost  complete  loss  of  the  crop.  The 
extensive  travel  between  the  various  islands  and  the  general  habit  of 
the  natives  of  carrying  plants  with  them  from  place  to  i)]ace,  com- 
bined with  the  lack  of  any  plant-quarantine  service  in  the  smaller 
islands  of  the  West  Indies  and  in  Central  America,  has  permitted 
its  rapid  distribution.  It  is  only  a  question  of  time  until  the  species 
becomes  established  over  the  whole  of  the  West  Indies  and  Central 
America,  following  which  its  eventual  entry  into  the  United  States 
will  be  difficult  to  prevent.  Tlie  greater  danger  will  probably  come 
through  the  gradual  advance  of  the  pest  up  the  Gulf  coast  through 
Mexico. 

Several  accounts  have  been  published  by  the  Cuban  Experiment 
Station  and  the  Sanidad  Vegetal  relating  to  the  early  observations 
upon  the  blackfly  infestation  in  Cuba,  its  gradual  spread  through  the 
island,  and  the  measures  taken  in  the  attempt  at  eradication.  Dietz 
and  Zetek  (S)  present  an  extensive  account  of  the  species  and  its 
habits  in  Panama  and  the  Canal  Zone. 

STATUS  AS  A  CITRUS  PEST  IN  THE  FAR  EAST 

In  the  consideration  of  the  insect  pests  attacking  the  various  agri- 
cultural crops  in  foreign  countries  it  is  generally  assumed  that  the 
status  of  the  insect  in  its  native  habitat  serves  as  a  reliable  criterion 
by  wdiich  its  potential  status,  if  introduced  into  the  United  States 
or  any  other  country,  may  be  judged.  The  fallacy  of  this  line  of 
reasoning  is  strikingly  evident  in  the  case  of  the  citrus  blackfly  and 
of  many  other  species  which  have  become  established  in  the  New 
World.  It  is  becoming  increasingly  evident  that  all  foreign  plant- 
feeding  insects,  irrespective  of  their  economic  status  in  the  country 
of  origin,  must  be  considered  as  potential  major  pests  if  established 
in  a  new  environment,  and  this  quite  possibly  upon  host  plants 
widely  different  from  those  already  known. 

The  exact  status  of  the  various  citrus  pests  in  tropical  Asia  is  at 
times  difficult  to  determine,  owing  to  the  manner  and  extent  to  which 
the  fruit  is  grown.  In  Malaya  citrus  is  not  grown  at  all  extensively, 
and  only  an  occasional  commercial  planting  can  be  found.  A  few 
trees  are  usually  present  in  practically  every  Chinese  garden  in  the 
various  cities  and  villages  of  the  peninsula,  and  the  insect  popula- 
tion of  these  varies  greatly.  The  lack  of  extensive  plantings  pre- 
vents the  spread  of  any  one  species  over  a  large  area  and  its  attain- 
ment of  a  permanent  destructive  status.  Consequently,  the  dominant 
species  is  different  in  the  various  localities.  The  local  nurseries 
usually  serve  as  the  focal  points  of  insect  dispersion. 

There  are  several  rather  extensive  citrus-producing  sections  in 
Java,  the  principal  ones  for  orange  being  the  hill  section  about  50 
miles  west  of  Sorabaya  and  the  second  about  Garoet,  both  being 
at  an  elevation  of  1,500  to  2,500  feet.  Pummelo  is  grown  quite  exten- 
sively in  the  plains  area  between  Batavia  and  Buitenzorg.  In  none 
of  these  sections  was  any  species  of  Aleurocanthus  found  to  be  suffi- 
ciently abundant  to  cause  commercial  injury,  the  only  heavily  in- 
fested trees  noted  being  occasional  isolated  ones  grown  in  the  gardens 
in  the  villages,  though  upon  none  of  these  did  A.  looglumi  predom- 
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inate.  This  preference  for  garden  rather  than  field  trees  is  shown 
by  woglumi  in  all  localities  in  the  Far  East. 

At  Modan,  Sumatra,  there  is  a  fair  acreage  of  citrus  surrounding 
the  city,  hirgely  of  pummelo  and  orange,  and  this  is  the  only  locality 
in  Malaya  or  the  Dutch  East  Indies  in  which  the  blackfly  was  found 
to  be  a  constant  and  serious  pest,  though  the  species  responsible 
was  A.  spinifenis  rather  than  ivoglumi. 

In  all  the  countries  of  the  Far  East  in  which  AJeurocanthus  loog- 
himl  has  been  found,  and  in  which  it  is  presumably  endemic,  the 
species  may  be  rated,  at  the  most,  as  only  an  occasional  minor  pest. 

It  is  of  very  general  distribution  in  the  groves  of  all  infested 
regions,  but  is  usually  present  in  such  small  numbers  as  to  escape 
observation.  Occasional  small  groups  of  a  few  isolated  trees,  or  a 
portion  of  a  grove,  may  develop  an  infestation  sufficient  to  cause 
marked  injury  to  the  trees,  but  such  infestations  are  invariably 
quickly  controlled  by  natural  agencies,  dominant  among  which  are 
the  internal  parasites. 

The  small,  isolated  outbreaks  mentioned  above  are  not  due  to  any 
temporary  weakening  in  the  controlling  factors  but  to  their  virtual 
absence  during  the  early  periods  of  the  infestation.  The  outbreaks 
observed  have  been,  without  exception,  upon  young  trees  3  to  5 
years  old.  Nurser}^  stock  is  almost  invariably  infested.  AVhen  this 
stock  is  transplanted  to  the  field  the  clusters  of  mature  blackfly 
larvae  and  pupae  may  be  removed,  but  the  eggs  and  young  larvae 
escape  detection.  In  this  wa}-  a  colony  is  started  which  is  free  from 
natural  enemies,  and  consequently  a  high  numerical  status  is  attained 
within  a  short  time.  Sooner  or  later,  however,  the  natural  enemies 
reach  this  infestation  from  other  trees  in  the  neighborhood  or  from 
colonies  of  other  species  of  Aleurocanthus  present  upon  a  variety 
of  host  plants,  and  control  is  then  quicklv  effected.  Numerical 
stabilitv  is  never  maintained  at  a  ]iio:h  level. 

HOST  PLANTS 

The  great  diversity  of  the  host  plants  of  Alew-ocanthiis  icoglwni 
in  Panama,  the  Canal  Zone,  Jamaica,  and  Cuba  led  to  the  expecta- 
tion that  a  similar  condition  would  be  found  to  prevail  in  its  native 
habitat  in  tropical  Asia.  However,  a  striking  distinction  has  been 
found  to  occur  between  the  two  regions  in  this  res[)ect.  In  those 
countries  in  which  investigations  were  made  by  the  senior  writer, 
coinprising  the  Philippine  Islands,  Siam,  Malaya,  Java,  Sumatra, 
Burma,  and  Ceylon,  citrus  was  found  to  be  very  nearly  the  sole 
host  of  tlie  species.  During  two  3'ears  of  observations  covering 
these  countries,  a  total  of  not  more  tlian  20  clusters  of  larvae  or 
pni:)ae  were  found  upon  other  plants.  A  few  of  these  Avere  upon 
Vatica  wallichii  Dyer  and  mango  in  the  botanical  garden  at 
Singa])ore.  upon  Nephel'tum  sp.  at  P>andoeng,  Java,  and  a  single 
cluster  upon  a  coffee  seedling  in  the  nursery  at  Kuala  Lumpur,  Fed- 
erated INfalay  States.  In  every  instance  observed  the  colony  was 
very  evidently  due  to  a  chance  oviposition  and  showed  no  indica- 
tions of  permanency.  It  has  been  recorded  by  various  authors  as 
taken  ui)on  Capparh  peduncAilosa  Wall.,  (J.  roxlmrghil  D.  C,  Kur- 
rhnia  rrylnniea  Arn..  and  Salacia  reticulata  Wight  in  Ceylon  and 
upon  Moms  sp.  in  India. 
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In  view  of  the  host  relationships  of  the  blackfly  in  the  Far  East, 
as  given  above,  the  extreme  rarity  with  whicli  this  insect  is  found 
ujjon  mango  casts  some  doubt  upon  tlie  previously  accepted  manner 
of  its  introduction  into  Jamaica.  Asliby  (i,  p.  321)  considered  it 
to  have  been  brought  into  the  island  probably  upon  mango  cuttings 
from  India.  In  view  of  the  habits  of  the  insect  it  is  extremely 
unlikely  that  it  could  have  been  carried  upon  cuttings  at  all,  and 
more  probably  it  came  upon  rooted  plants  instead,  and  of  citrus 
rather  than  mango. 

Dietz  and  Zetek  {3)^  in  their  tabulation  of  the  food  plants  of  the 
blackfly  in  the  New  World,  list  more  than  60  species,  representing 
30  families,  from  which  it  has  been  taken  in  Panama,  the  Canal 
Zone,  Cuba,  and  Jamaica,  and  this  number  has  since  been  greatl}' 
increased  by  Zetek  for  Panama  and  the  Canal  Zone.  The  above 
authors  consider  the  various  species  of  citrus,  coffee  {Coffea  arabica 
Linn.),  mango  {Manglfera  inclica  Linn.),  and  A^^disia  revoluta 
H.  B.  K.  as  the  preferred  food  plants  upon  which  heavy  infestations 
may  normally  develop.  Their  second  class,  upon  which  develop- 
ment to  maturity  occurs,  but  in  small  numbers,  comprises  the  sapo- 
dilla  {Aehras  za/pota-  Linn.),  Malabar  plum,  often  called  rose  ap])le 
{G aryoyhyUiis  jmnhos  (Linn.)  Stokes),  Malay  apple  {Eugenia  mal- 
accensis  Linn.),  mamoncillo,  sometimes  called  Spanish  lime  {Meli- 
coceus  hljugatus  Jacq.),  oil  nut  palm  {Elaeis  melaniococca  Gaertn.), 
canistel,  often  called  Qgg  fruit  (Lucv.ma  nervosa  A.  DC),  sapote 
{Calocarjnipi  mammosum  (Linn.)  Pierre),  banana  {Musa  saplentum 
Linn.),  guava  {Psidiii/m  gwajava  Linn.),  cashew  {Anacardium  oc- 
cklentale  Linn.),  and  sugar-apple  {Annona  squatnosa  Linn.).  The 
remainder  of  the  plants  listed  from  Panama  and  the  Canal  Zone 
are  those  upon  which  the  adult  flies  feed  and  may  oviposit,  but 
upon  which  they  are  unable  to  develo])  to  maturity.  While  these 
may  be  listed  as  food  plants,  they  can  not  be  included  in  a  true 
host  list. 

In  his  report  on  the  blackfly  in  Jamaica,  Gowdey  (5)  includes 
citrus,  coffee,  and  mango  in  the  first  class  and  the  following  in  the 
second:  Soursop  {Annona  muricata  Linn.),  sugar-apple  {Annona 
squamosa  Linn.),  guava  {Psidium  guajava  Linn.),  avocado  {Persea 
aniericana  Mill.),  breadfruit  {Artocarpus  inclsa  Linn.),  star-apple 
{Glirysophyllum  cainito  Linn.),  grape  {Vitis  sp.),  nightblooming 
cestrum  {Cestrwn  nocturnum  Linn.),  lignum-vitae  {Guaiacuni  of- 
ficinale Linn.),  mahiva  {Madhuca  latifolia  (Roxb.)  Macbride),  and 
w\ampi  {GJaucenaJansmin  (Lour.)  Skeels  {wmnpi  QiVw.)). 

The  above  classification  of  citrus  with  mango,  coffee,  and  Ardisia 
revoluta  as  representing  the  preferred  hosts,  in  that  heavy  infesta- 
tions occur  upon  them,  is  quite  correct,  but  the  increase  on  citrus 
is  so  much  more  rapid,  and  the  infestation  so  much  heavier,  that  it 
should,  alone,  be  rated  as  the  preferred  host. 

The  willingness  of  the  female  of  Aleurocanthus  ivoglumi  to  ovi- 
posit upon  a  great  range  of  plants  unsuited  to  the  development  of  the 
earlier  stages  is  in  marked  contrast  to  its  habit  in  Malaya,  where 
voluntary  oviposition  practically  never  occurs  upon  plants  other  than 
citrus,  even  though  they  may  be  suitable  for  development.  Potted 
mango  and  coffee  seedlings  were  repeatedly  hung  in  heavily  infested 
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citrus  trees  during  the  period  of  maximum  abundance  of  adults,  j^et 
very  seldom  was  an  individual  observed  to  feed  upon  the  foliage,  and 
not  a  single  egg  cluster  was  ever  deposited. 

LIFE  HISTORY  AND  HABITS 

In  view' of  the  climatic  conditions  which  prevail  in  INIalaya,  it  is 
to  be  expected  that  the  developmental  cycle  will  be  of  minimum  dura- 
tion and  the  number  of  generations  produced  each  year  will  conse- 
quently be  nearly  the  possible  maximum.  The  two  localities  in 
which  close  observations  have  been  made  ujoon  this  species  are 
Singapore  (lat.  1°  20'  N.)  and  Kuala  Lumpur  (lat.  3°  IV  N.).  Al- 
though they  are  separated  by  onlj^  about  150  miles,  a  noticeable 
difference  in  development  of  the  insect  in  the  two  localities  was 
observed.  AVhile  Singapore  has  a  mean  maximum  temperature 
several  degrees  lower  than  that  of  Kuala  Lumpur,  and  its  total 
rainfall  is  approximatel}^  equal  though  more  evenly  distributed 
through  the  year,  yet  five  and  one-half  generations  are  produced 
each  year  at  Singapore  as  compared  with  five  at  Kuala  Lumpur. 
The  periods  during  which  the  adults  of  six  consecutive  generations 
could  be  found  in  the  field  in  the  two  localities  are  shown  in  Fiaure  4. 
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Figure  4. — Cliart  sho\\iiig  the  periods  of  adult  emergence  of  six  consecutive  genera- 
tions of  tlie  citrus  blaclifly  at  Singapore,  Straits  Settlements,  and  Kuala  liiunpur. 
Federated  Malay  States 

The  acceleration  in  development  occurring  at  Singapore  as  com- 
pared with  Kuala  Lumpur,  which  occurs  in  spite  of  the  lower  mean 
temperatures,  is  attributed  to  the  greater  uniformity  in  distriliution 
of  rainfall  and  to  a  more  constant  and  higher  humidity,  these  factors 
more  than  offsetting  the  higher  temperatures.  Occasional  and  irreg- 
ular periods  of  dry  weather,  which  tend  to  retard  development, 
occur  in  both  sectious,  though  more  frequently  at  Kuala  Lumpur. 
Under  oi)timum  field  conditions  six  generations  can  be  ]H'oduced 
each  year,  while  under  insectary  conditions  an  additional  one  is 
possible. 

A  conspicuous  feature  of  the  life  cycle  of  Alcurocantlnm  wocjlivmi 
in  Malaya  is  the  distinctness  of  tlie  generations.  The  adults  of  each 
are  present  on  the  trees  for  approximately  one  month,  and  in  the 
intermediate  periods  not  a  single  one  can  be  found.  This  cycle,  as 
represented  in  Figure  4.  tloes  not  ai)ply  in  time  to  all  infestations  in 
the  two  sections,  lint  only  to  the  ])articular  trees  under  observation. 
Other  trees  situated  a  coniparativel^y  short  distance  away  may  not 
show  an  cniei'gence  synchronizing  with  that  figured.     To  a  large  ex- 
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tent  it  is  considered  that  this  distinctness  of  generations  is  the  result 
of  relatively  recent  infestation,  each  one  of  these  originatino-  from  a 
single  focal  point  and,  because  of  natural  agencies,  none  persists  for 
a  sufficiently  long  period  of  time  for  the  extremes  of  the  generations 
to  bring  about  an  overlapping.  Also,  the  period  of  development  of 
the  individuals  from  a  single  egg  cluster  is  exceptionally  uniform,  as 
all  adul,ts  emerge  within  a  period  of  approximately  one  week. 

While  the  complete  life  cycle  covers  a  period  of  two  months  upon 
orchard  trees  under  optimum  conditions,  yet  upon  nursery  plants 
and  in  cages  this  period  may  be  considerably  shortened.  Upon  pot- 
ted citrus  seedlings  kept  outdoors  but  somewhat  shaded,  and  with  the 
foliage  sprinkled  each  day,  emergence  of  adults  occurred  within  six 
weeks  after  oviposition.  A  similar  shortening  of  the  cycle  was  noted 
in  the  material  reared  in  Wardian  cages.  The  more  succulent  foli- 
age upon  which  development  took  place,  as  compared  with  that  of 
orchard  trees,  in  conjunction  with  a  higher  and  more  constant  hu- 
midity, was  evidentl,y  responsible  for  this  acceleration. 

MORTALITY  FACTORS 

In  the  consideration  of  the  various  factors  limiting  the  increase 
of  AleuTocanthus  woglumi  in  Malaya,  these  may  be  first  listed  as 
follows:  (1)  Adverse  climatic  conditions,  resulting  in  failure  of 
eggs  to  hatch,  death  of  larval  or  pupal  stages,  and  death  of  adult 
females  without  oviposition.  (2)  Natural  enemies,  which  are  in- 
ternal parasites,  predators,  and  fungous  diseases. 

With  regard  to  climatic  conditions  it  is  shown,  in  the  discussion 
under  that  heading,  that  a  high  mean  humidity  and  a  comparatively 
high  and  uniformly  distributed  rainfall  are  essential  conditions  for 
optimum  development.  During  periods  when  optimum  conditions 
do  not  prevail,  a  varying  high  mortality  occurs  in  the  different 
stages. 

In  the  case  of  the  ^^^  stage  a  marked  mortality  is  noticeable  dur, 
ing  periods  of  dry  weather.  This  is  in  addition  to  the  normal  loss 
through  infertility  and  also  to  the  much  greater  mortality  which  at 
times  occurs  through  presumed  overcrowding  upon  favored  leaves. 
The  exact  cause  of  this  latter  loss  is  not  clearly  understood,  but 
leaves  bearing  large  numbers  of  eggs  closely  massed  together  upon 
them  will  often  show  very  few  hatching,  and  at  times  none  at  all 
attain  the  intermediate  larval  stages. 

The  effect  of  reduced  humidity  and  rainfall  upon  the  inter- 
mediate stages  is  evidenced  primarily  by  a  high  mortality  in  the 
first  larval  stage,  and  by  a  lesser  mortality  in  the  pupal  stage  through 
the  drying  out  of  the  case,  thus  preventing  the  proper  emergence  of 
the  adults.  At  such  times  many  dead  adults  may  be  observed  with 
the  body  partially  extruded  from  the  case. 

The  death  of  the  females  without  oviposition  is  brought  about  by 
slashing  rains,  which  drive  them  from  the  foliage  and  cause  death 
directly,  and  by  heavy  winds  extending  over  an  extended  period, 
which  prevent  feeding  and  oviposition  and  carry  them  away  from 
host  plants  suitable  for  oviposition. 

In  Table  1  is  given  a  compilation  of  the  data  secured  through  the 
examination  of  100  representative  clusters  of  A.  rooglumi  taken  from 
each  of  six  consecutive  generatious  at  Singapore  during  1929-30. 
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This  table  shows  the  average  number  of  eggs  per  cluster  and  the 
mortality  through  natural  agencies  in  the  early  stage  and  through 
parasite  attack  in  the  late  larval  and  pupal  stages. 

Table  1. — Data  relating  to   su7-vival,  mortality,   and  i)arasitisin   of  the  citrus 
blacJcflu  as  observed  at  Singapore,  1929-30 


Qeneration 

Egg 

spirals 

counted 

Average 

of  eggs 

per 

spiral 

Average 
attain- 
ing late 
larval  or 
pupal 
stage 

Early. 

stage 
mortality 

1 

^f\^Al     \-ae 

pupi       pSe 

ized      i      ^^^'^ 

First 

Number 
100 

Number 
47.  35 

Number 
22.86 
22.  48 
17.52 
16.15 
20.64 
18.82 

Per  cent 
51.72 
53.18 
55.  57 
60.92 
53.44 
49.99 

Number 
13.23 
12.14 
9.71 
10.82 
12.50 
11.22 

Per  cent 

57.87 

Second    . 

100  1         48  01 

54.00 

Third  -  -      ---  -     

100 
100 
100 
100 

41.08 
41.33 
44.33 
37.59 

55.42 

Fourth 

67.00 

Fifth      . 

61. 17 

Sixth -        

59.62 

Average.-  

100        43  as 

19.74 

54.14 

11.60 

59  18 

In  connection  with  the  determination  of  the  effects  of  the  various 
mortality  factors  upon  different  stages  of  the  fly,  the  count  is  given 
of  the  number  of  eggs  in  each  of  the  100  representative  spirals  of  the 
six  consecutive  generations.  It  was  found  that  the  general  averaire 
for  the  entire  series  was  43.38  eggs.  This  number  is  considerably 
in  excess  of  the  32.19  given  by  Dietz  and  Zetek  (3)  for  the  same 
species  at  Panama.  The  proportion  of  eggs  which  failed  to  hatch  is 
unknown,  but  45.2  per  cent  of  the  total  number  attained  at  least  the 
final  larval  stage,  at  which  point  the  effect  of  internal  parasites  be- 
came evident.  This  is  an  exceptionally  high  survival  rate,  particu- 
larly as  the  series  includes  the  stages  most  susceptible  to  adverse 
conditions. 

As  is  to  be  expected,  in  view  of  the  uniformity  of  climatic  con- 
ditions in  this  section,  the  early-stage  mortality,  comprising  the  egg 
and  first  two  larval  stages,  was  also  quite  uniform,  ranging  from 
49.99  to  (50.92  per  cent  and  averaging  54.14  per  cent. 

The  figures  for  attack  by  internal  parasites  are  based  upon  the 
count  of  emergence  holes  in  the  later  stages  and  thus  represent  suc- 
cessful parasitization.  The  actual  mortality  is  somewhat  higher  tlian 
that  given,  becau.se  some  of  the  hosts  Avere  killed  by  parasites  that 
died  without  effecting  emergence.  Through  the  agency  of  internal 
parasites  alone,  mortality  ranged  from  54  to  G7  per  cent  in  the  late 
larval  and  pupal  stages,  with  an  average  of  59.18  per  cent.  AA^ith  tliis 
high  percentage  of  parasitization,  superpara.sitism  and  imiltiple 
parasitism  enter  into  the  question,  both  to  a  considerable  extent,  but 
the  general  effect  of  these  two  factors  u])on  the  ultimate  mortality 
effected  ui)on  the  host  has  not  been  studied. 

The  effect  of  predators  upon  this  species  in  JMalaya  is  reduced  to  a 
minimum,  as  they  occur  only  in  small  numbers,  being  almost  entirely 
absent  in  the  gi-eat  majority  of  the  infestations.  Only  a  single 
species,  ('r}/pfof//iaf/ia  s]).,  has  been  noted  to  produce  an  appreciable 
effect,  and  this  occurred  u])on  only  two  trees. 

Fungous  diseases  caused  by  organisms  of  the  genera  Aschersonia 
and  Aegcrita  are  distinctly  minor  factors  in  relation  to  the  blackfly 
in  IMalaya.    Only  occasional  di.seased  individuals  of  .1.  v'oylu))ii  may 
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be  found  in  the  field,  a  condition  in  marked  contrast  to  tliat  of  a 
related  species,  A.  citripcrdus,  which  in  Malaya  and  the  Dutch  East 
Indies  is  completely  controlled  by  fungous  disease  during  the  wetter 
periods  of  the  season. 

Of  the  various  limiting  factors  which  have  been  considered,  only 
two  are  of  major  importance,  the  first  being  adverse  climatic  condi- 
tions causing  mortality  principally  in  the  first  larval  and  the  pupal 
stages,  and  the  second  being  the  internal  parasites.  In  Mahiya  the 
general  effect  of  these  two  factors  may  be  rated  as  approximately 
equal. 

CLIMATIC  CONDITIONS  IN  THE  INFESTED  REGIONS 

In  Figure  5  are  shown  the  curves  representing  meteorological 
conditions  in  the  three  main  regions  infested  by  the  citrus  blackfly. 
From  the  point  of  view  of  the  economic  status  of  the  pest,  the  con- 
ditions for  Kuala  Lumpur  may  be  taken  as  representative  of  the 
INfalayan  region.  Most  of  the  other  sections  in  which  the  blackfly 
occurs,  notably  the  Philippine  Islands,  the  Dutch  East  Indies, 
Burma,  India,  and  Ceylon,  though  having  relatively  high  tempera- 
tures throughout  the  year,  have  distinct  rainy  seasons,  with  the  com- 
paratively long  dry  season  occurriiig  during  the  winter  period. 

The  records  given  for  Kuala  Lumpur  are  for  the  years  1927-1930. 
inclusive,  and  are  based  upon  hourly  readings.  The  earlier  records 
for  that  station  were  based  upon  three  readings  per  day,  these  being 
taken  at  9  a.  m.,  3  p.  m.,  and  9  p.  m.,  respectively.  Climatic  condi- 
tions are  so  uniform  in  this  region,  however,  that  a  4-year  average 
is  adequate  for  comparative  purposes.  A  check  of  these  hourly 
records  with  records  of  the  same  period  based  upon  only  three  read- 
ings daily  shows  the  mean  monthly  temperature  to  be  approximately 
3°  lower  and  the  humidity  6  per  cent  higher  in  the  hourly  records. 

The  records  for  Habana,  Cuba,  are  for  1899-1924,  inclusive,  for 
temperature,  1897-1922  for  humidity,  and  1900-1922  for  rainfall. 
The  Balboa  Heights,  Canal  Zone,  records  are  for  tlie  20-year  period 
1909-1928,  inclusive.  At  these  two  stations  the  monthly  means  are 
calculated  on  the  basis  of  2-hourly  readings,  which  check  quite 
closely  with  those  taken  each  hour. 

In  total  annual  precipitation  it  is  seen  that  Habana,  with  43  inches 
per  year,  is  much  lower  than  Balboa  Heights  with  68.8  and  Kuala 
Lumpur  with  94.2,  wliile  both  of  the  former  stations  present  a  very 
dry  winter  period  of  several  months,  during  which  the  rainfall  is 
very  light.  In  contrast  to  this  is  the  so-called  dry  period  at  Kuala 
Lumpur  from  June  to  August,  inclusive,  Avith  a  precipitation  of  4  to 
5  inches  per  month. 

The  temperature  curves  of  Kuala  Lumpur  and  Balboa  Heights  are 
distinctly  tropical  in  form  in  that  the  monthly  means  vary  little  dur- 
ing the  course  of  the  year,  that  of  the  former  ranging  only  from 
77^7°  F.  in  October  to  79.8°  in  May,  with  an  annual  mean  of  78.7° ; 
while  at  the  latter  station  it  ranges  from  77.4°  in  November  to  80° 
in  April,  with  the  annual  mean  78.6°.  The  recorded  maxima  of 
these  two  stations  are  98°  and  97°,  respectively.  In  contrast  to  this 
the  temperature  curve  of  Habana  is  markedly  subtropical,  extending 
from  70.7°  in  -January  to  80.4°  in  August,  with  an  annual  mean 
of  75.8°.  Maximnm  and  minimum  records  are  96.4°  and  50°, 
respectively. 
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In  mean  monthly  humidity  the  range  at  Kuala  Lumpur  is  from 
81.25  per  cent  in  March  to  87.4  per  cent  in  November,  with  an  annual 
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liiiiTiidit.v.  iirid  riiint'.ill  fur  Kuala  Liimiiiir.  Fi'derated  Malay  States, 
lialboa  Heights,  Canal  Zone,  and  llabaiia,  Cuba 

moan  of  84.?*  per  cent.     At  Balboa  IToighls  the  percentage  ranges 
from  T-'J.G  in  March  to  87.9  in  November,  while  the  limits  for  Ilabana 
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are  Gl).3  in  April  and  77.2  in  September,  the  annual  means  of  tlie  two 
stations  bein<^-  83.1  and  73.5  per  cent,  respectively. 
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Figure    6. — Curves    showing   the    mean    monthly    temperature,    relative 
humidity,   and    rainfall   for   Tampa,    Fla.,   and   Los   Angeles,    Calif. 

From  the  data  presented  it  is  seen  that  the  climatic  conditions  at 
Kuala  Lumpur  and  Balboa  Heights  present  an  exceptional  similarity 
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in  temperature  and  humidity,  the  differences  in  the  annual  means 
being  only  0.1°  and  1.2  per  cent,  respectively.  It  must  be  borne  in 
mind,  however,  that  Balboa  Heights  is  not  representative  of  the 
entire  isthmian  region.  In  Central  America  in  general  the  Pacific 
side  is  relativeh'  dry  as  compared  with  the  xVtlantic  side.  Thus 
Balboa  Heights  has  only  54  per  cent,  of  the  rainfall  recorded  at 
Colon,  at  the  Atlantic  end  of  the  canal,  with  the  mean  annual  tem- 
perature 1.2°  lower  and  the  humidity  0.2  per  cent  lower. 

RELATION  OF  METEOROLOGICAL  CONDITIONS  TO  BLACKFLY 

DEVELOPMENT 

A  comparison  of  the  status  of  the  blackfly  in  the  various  infested 
regions,  in  connection  with  the  meteorological  conditions  prevailing 
there,  gives  a  basis  for  the  evaluation  of  the  various  factors  in  their 
relation  to  development  and  numerical  increase. 

From  the  data  previously  presented  it  is  quite  evident  that  such 
small  variations  in  temperature  as  may  occur  in  typical  tropical 
regions,  such  as  Malaj'a  and  Panama,  can  have  no  appreciable  effect 
upon  the  development  of  the  Hy.  In  Cuba,  however,  the  considerably 
lower  winter  temperatures  undoubtedly  retard  development  to  a 
marked  degree,  but  their  further  bearing  upon  the  problem  is  diffi- 
cult of  determination  because  this  season  coincides  with  the  period 
of  minimum  humidity  and  rainfall,  which  themselves  have  a  retard- 
ing effect,  aside  from  the  actual  mortality  effected.  This  point  may 
be  illustrated  b}^  the  annual  cycle  of  the  fly  at  Kuala  Lumpur  and 
Singapore.  The  former  station  has  a  mean  monthly  temperature 
several  degrees  higher  than  Singapore,  but  with  the  humidity  lower 
and  the  rainfall  less  uniform.  That  the  temperature  factor  is  of 
secondary  importance  is  shown  by  the  development  of  five  and  one- 
half  generations  per  year  at  Singapore  as  compared  with  five  at 
Kuala  Lumpur. 

The  two  dominant  factors,  aside  from  natural  enemies,  which 
determine  the  status  of  Aleurocanthus  icogluml  as  a  pest  are  those 
of  humidity  and  rainfall.  The  periods  of  heavy  rainfall  in  the 
Tropics  are  accompanied  by  high  mean  humidities,  while  relatively 
higli  humidities  may  prevail  without  rainfall.  A  high  humidity 
alone  is  not  sufficient  to  insure  a  numerical  increase  in  the  bhick- 
fly  population,  in  fact  a  marked  decrease  may  take  place.  This  is  il- 
lustrated by  the  condition  which  existed  at  Kuala  Lumpur  during 
JuW,  1930.  Tlie  mean  temperature  for  the  month  was  79.3°  F., 
or  only  a  fraction  of  1°  from  normal,  the  humidity  was  82.1  per 
cent,  or  only  2.2  per  cent  below  the  annual  mean,  and  the  rainfall 
total  was  less  than  one-half  inch.  Under  these  conditions  an  ex- 
ceedingly high  mortality  occurred  in  the  Qg:,^  and  first  larval  stages. 
Likewise  at  Panama,  with  the  mean  monthly  temperature  ranging 
from  78.5°  to  80°  during  the  period  of  January  to  March,  inclusive, 
the  humidity  from  73.6  to  78.5  per  cent,  and  the  rainfall  from  0.6 
to  0.0  incli  per  month,  tliere  is  a  striking  decrease  in  the  bhackfly 
popidation.  This  comparison  may  be  extended  to  Cuba,  where  a 
less  pronounced,  though  very  noticeable  decrease  takes  place  from 
November  to  April,  inclusive,  during  which  period  the  mean 
monthly  temperature  ranges  from  70.7°  to  75.1°,  the  humidity  from 
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69.3  to  73.2  per  cent,  and  the  average  monthly  rainfall  from  1.33  to 
3.20  inches.  Here,  with  a  lower  temperature  and  a  lower  humidity, 
but  with  a  somewhat  higher  rainfall,  the  mortality  is  much  less  than 
in  Panama. 

It  is  thus  seen  that  a  high  mortality  occurred  at  Kuala  I^umpur  in 
July,  1930,  even  with  the  humidity  iigure  5  to  8  per  cent  higher  than 
that  prevailing  in  Cuba  during  June  to  October,  the  period  of 
maximum  development  and  increase,  but  the  former  locality  having 
a  much  lower  rainfall.  Also,  the  mean  monthly  humidity  in  Cuba 
during  these  months  is  very  nearly  the  same  as  in  Panama  during 
January  to  April,  inclusive,  yet  in  the  former  locality  the  fly  is  in- 
creasing rapidly  and  in  the  latter  a  marked  decrease  is  taking  place. 

The  analj'sis  of  the  meteorological  data  presented  reveals  that, 
in  tropical  and  subtropical  regions,  variations  in  temperature  are 
of  little  consequence  as  bearing  upon  the  development  and  numerical 
increase  of  the  blacldl3^  and  that  a  high  humidity,  accom- 
panied by  relatively  heavy  rainfall,  is  essential  for  optimum  de- 
velopment. With  a  high  humidity  prevailing,  the  development  and 
increase  vary  with  the  rainfall.  The  relatively  heavier  infestation 
of  the  fly  in  Panama  as  compared  with  that  in  Cuba  is  in  accord 
with  these  conclusions.  On  this  basis  the  Malayan  conditions  are 
even  more  favorable  for  optimum  development  than  those  of 
Panama,  and  the  fly  should  consequently  assume  a  destructive  status. 
That  it  does  not  do  so,  but  instead  is  of  no  consequence  as  a  pest, 
is  attributed  to  the  effectiveness  of  the  natural  enemies  present. 
Occasional  isolated  instances  have  been  seen,  representing  single  or 
small  groups  of  young  trees,  upon  which  the  blackfly  has  become 
established,  and  originally  without  its  parasites,  which  have  shown 
it  to  be  able  to  increase  from  a  very  small  number  to  a  heavy  in- 
festation in  three  generations.  The  later  permanent  decline  of  these 
infestations  to  a  position  of  no  economic  importance  in  each  case 
has  been  due  to  parasite  attack,  as  contrasted  with  an  occasional 
tem])orarv  decline  due  to  irregular  periods  of  adverse  climatic 
conditions. 

COMPARISON  WITH  FLORIDA  AND  CALIFORNIA 

In  view  of  the  possibility  of  the  eventual  entry  of  A.  woglumi  into 
the  United  States,  a  comparison  of  the  meteorological  conditions  in 
the  infested  regions  with  those  in  Florida  and  California  gives  a 
basis  for  the  estimation  of  the  potentialities  of  the  species  with  re- 
gard to  its  status  as  a  citrus  pest  in  these  States. 

In  this  comparison  Tampa,  Fla.,  and  Los  Angeles,  Calif.,  have 
been  chosen  as  representative  of  the  citrus-producing  sections  of  the 
two  States,  largely  because  more  detailed  data  are  available  than 
for  other  points  which  might  be  considered  somewhat  more 
representative. 

The  conditions  at  Los  Angeles  are  intermediate  between  those  of 
the  coastal  sections  and  inland  valleys,  though  in  all  sections  the 
general  conditions  are  very  similar.  The  summer  temperatures  are 
relatively  high,  the  humidity  is  low,  and  there  is  practically  no  rain- 
fall. The  total  annual  precipitation  is  low  and  occurs  very  largely 
during  the  months  of  December  to  March,  inclusive. 

122259—32 3 
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The  curves  showing  mean  monthl^y  temperature,  relative  humidity, 
'and  rainfall  for  Tampa  and  Los  Angeles  are  shown  in  Figure  6. 
Those  of  temperature  are  based  upon  records  for  G6  and  42  years, 
respectivelv,  those  of  humidity  for  4  and  5  years,  respectively,  and 
those  of  rainfall  for  80  and  42  years,  respectively.  The  humidity 
curve  for  Tampa  is  based  upon  bihourly  readings,  while  that  for 
Los  Angeles  represents  only  five  readings  daily,  these  being  taken 
at  4  and  8  a.  m..  12  noon,  and  4  and  8  p.  m.  The  mean  is  therefore 
probably  slightly  lower  than  would  be  shown  by  bihourly  readings. 

In  mean  monthly  temperature  the  range  at  Tampa  is  from  60.8° 
F.  in  January  to  81.2°  in  August,  with  minimum  and  maximum 
records  of  19°  and  98°,  respectively.  The  mean  summer  tempera- 
tures are  thus  approximately  the  same  as  at  Habana,  while  the  mean 
winter  temperature  is  approximately  10°  lower.  At  Los  Angeles 
the  range  extends  from  54.5°  in  January  to  71.1°  in  August,  with 
minimum  and  maximum  records  of  28°  and  109°,  respectively.  The 
mean  monthly  temperatures  during  the  summer  at  Los  Angeles 
are  considerably  lower  than  those  in  any  of  the  other  sections  under 
consideration,  though  the  maximum  summer  temperatures  are  con- 
siderably higher. 

The  mean  monthly  humidity  at  Tampa  ranges  from  65.2  per  cent 
in  ]SLarch  to  74.9  per  cent  in  January  and  August,  being  thus  about 
4  per  cent  below  that  of  Habana.  At  Los  Angeles  the  monthly 
mean  ranges  from  62.2  to  71.8  per  cent,  or  7  per  cent  below  the 
Habana  figures. 

In  total  annual  precipitation  Florida  in  general  presents  condi- 
tions quite  similar  to  those  of  Habana,  having  an  average  annual 
rainfall  of  50.19  inches,  with  the  greater  proportion  falling  during 
the  months  of  June  to  September,  inclusive,  and  with  a  maximum 
of  9.02  inches  in  July.  From  October  to  May  the  rainfall  is  rela- 
tively light,  varying  from  1.82  to  2.72  inches  per  month.  In  con- 
trast, the  Los  Angeles  records  show  an  average  annual  rainfall  of 
only  15.62  inches,  largely  occurring  during  December  to  ^Slarch,  in- 
clusive. The  maximum  monthly  precipitation  is  3.34  inches  in 
January,  while  the  minimum  is  0.01  inch  in  JuW. 

A  summarized  tabulation  is  given  herewith  (Table  2)  of  the 
minimum  and  maximum  monthly  means  and  annual  means  of  tem- 
perature and  humidity  and  the  minimum  and  maximum  monthly 
and  annual  rainfall  averages  for  the  five  localities  under  discussion. 

Table  2. — Snmmarij  of   data   relating   to   temperature,   relative   liuiniilitii,   and 

rainfall  in  five  localities 


Locality 


Kuflla  Lumpur,  Federated  Malay 

States 

Balboa  IlfiRhts,  Canal  Zone 

Habana,  Cuba 

Tampa,  Fla 

Los  Angeles,  Calif 


Temperature 

Relative  humidity 
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3  3 
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M     C 
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mont 
mean 
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mont 
mean 

Maxim 
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mean 

Minim 
mont 
mean 

a  4* 

< 

"  F. 

"  F. 

"  F. 

"  F. 

Perct. 

Perct. 

Perct. 

98.0 

79.8 

77.7 

78.7 

87.4 

81.2 

84.3 

H7.0 

SO.O 

78.2 

78.6 

87.9 

73.6 

83.1 

90.0 

82.2 

70.7 

75. 9 

77.2 

G9.3 

73.5 

98.0 

81.2 

CO.  8 

72.0 

74.9 

65.2 

70.4 

109.0 

71.1 

54.5 

62.3 

71.8 

62.2 

67.7 

Rainfall 


as: 

^  o  o 
«EE 


3J3 

.s  5  « 
3  o  aj 


Inches 

11.03 

10.3 

n.21 

9.02 

3.34 


Inches 
3.91 

.6 
1.33 
1.82 

.01 


3  O 


Inches 
94.2 
08.8 
43.0 
50.19 
15.62 
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POTENTIAL  STATUS  OF  THE  BLACKFLY  IN  THE  UNITED 

STATES 

In  comparison  with  the  records  for  Habana,  a  locality  in  which 
the  blacktly  is  a  major  pest,  it  is  seen  that  in  Florida  the  total  amount 
and  distribution  of  the  rainfall  and  the  range  of  the  humidity  are 
quite  similar.  Consequently,  if  A.  tvoghwii  should  become  estab- 
lished in  Florida,  its  status  may  be  expected  to  be  approximately  the 
same  as  in  Cuba,  but  with  a  more  pronounced  period  of  delayed  de- 
velopment during  the  winter  due  to  the  lower  prevailing  tempera- 
tures. 

In  view  of  the  fact  that  the  blackfly  requires  both  a  relatively  high 
humidity  and  considerable  rainfall  during  its  period  of  development, 
both  of  which  factors  are  conspicuously  lacking  in  all  of  the  citrus- 
growing  districts  of  California,  it  is  felt  with  a  considerable  degree 
of  certainty  that  this  insect,  should  it  become  established  in  that 
State,  would  have  difficulty  in  nuiintaining  itself  and  presents  no 
possibility  of  increase  to  the  status  of  a  pest. 

NATURAL  ENEMIES  OF  THE   CITRUS  BLACKFLY 

The  first  observations  upon  the  natural  enemies  of  Aleurocanthus 
vogJuml  in  tropical  Asia  were  made  by  Silvestri  in  1924—25,  during 
the  course  of  his  travels  through  that  part  of  the  world  in  the  search 
for  natural  enemies  of  various  other  citrus  insects  for  importation 
into  California.  His  reports  {10,  12)  on  the  parasites  reared  from 
Aleyrodidae  upon  citrus  contain  the  descriptions  and  figures  of  four 
species  found  to  attack  icoglumi.,  with  an  additional  species  since 
found  to  be  a  secondary  parasite.  Short  biological  notes  are  given 
regarding  several  of  these  species. 

The  complete  list  of  natural  enemies  observed  by  the  senior  writer 
in  the  course  of  these  investigations  is  as  follows : 

The  internal  parasites : 

Hymeuoptera    (Eulopliidae)  — 
Encarsia  merccti  Silv. 
Erctomocerus  serins  Silv. 
Prospaltella  divcrgens  Silv. 
Prospaltclla  smithi  Silv. 
ProspaltcUa  sp. 

The  predators : 

Coleoptera    (Nitidulidae) — ■ 

Cybocephalus  sp. 
C'oleoptera   ( Cocciiiellidae )  — • 

Cruiitognatha  sp. 

Scymnus  smithiatnis  Silv. 

Sci/mnus  sp.  near  palUdicoUis 
Muls. 

Sci/iunvs  sp. 
Lepidoptera    ( Pyralidae )  — • 

CnjptoljJuhcs  (jnidiella  INIill. 
Diptera    (Drosophilidae)  — 

Acletoxemts  indica   Mallocli. 

Acletoxenus  sp. 
Neuroptera    (Clirysopidae)  — 

Chnjsopa  sp. 


20       TECHNICAL   BUXiLETIN    3  2  0,    U.    S.    DEPT.    OP   AGEICULTUEE 

PARASITES   IN   TROPICAL   ASIA 

GENERAL   PARASITIZATION    RECORDS 

The  fact  that  the  blackfly,  in  any  given  locality  in  its  native 
habitat,  is  attacked  by  several  species  of  internal  parasites,  rather 
than  by  one  alone,  has  made  it  difficult  to  determine  with  any  degree 
of  exactitude  the  relative  effectiveness  of  the  different  species.  This 
is  largely  due  to  a  difference  in  the  time  of  emergence  from  the  host 
pupa,  as  collections  will  yield  a  varying  proportion  of  one  species 
or  another,  depending  upon  the  time  of  collection  of  the  host 
material.  In  any  case,  the  relative  numbers  vary  considerably  in 
infestations  in  the  same  general  locality.  The  aggregate  mortality 
effected,  however,  is  fairly  constant  throughout  Malaya  and  the 
Dutch  East  Indies. 
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FiGUUB   7. — The  percentage   of   paiusitization    in    six   consecutive   generations   of   the 

citrus  blaclifly  at   Singapore 

The  greatest  uniformity  in  field  j^arasitization  in  the  various 
countries  where  A.  wogJund  was  studied  was  revealed  in  Malaj^a. 
Examinations  for  the  determination  of  the  total'  mortality  effected 
by  the  internal  parasites  were  made  for  six  consecutive  generations 
at  Siiigaj)ore,  and  the  proj)()i-tion  destroyed  through  these  agencies 
is  sliown  in  Eigure  7,  the  range  in  })eiventage  being  from  54  to  G7. 
The  higher  rates  of  parasitization  appear  during  the  first  half  of 
the  year,  and  coincide  in  time  with  a  slight  upward  trend  in  the 
Jiumci'ical  status  of  tlic  liost,  this  being  a  normal  seasonal  develop- 
ment. 

The  figures  for  j^arasitization  of  each  generation  are  based  U])on 
the  collection  of  100  representative  clusters  shortly  after  the  time 
of  emergence  of  tlie  host  adults,  eacli  cluster  being  the  ])i()ihict  of 
a  single  egg  spiral,  and  all  taken  in  the  sam(>  general  locality. 
These  collections  of  clusters  comprised  totals  i-anging  from  1,015 
to  2,'2H(j  individuals  which  had  attained  the  mature  larval  oi-  |iu|)al 
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stage  and  were  thus  sufficiently  advanced  to  be  subject  to  successful 
attack  by  parasites.  The  figures  given  represent  the  percentages 
of  these  showing  parasite  emergence  holes. 

The  percentages  shown  for  the  successive  generations  are  believed 
to  represent  less  than  the  total  actual  mortality  occurring  in  the 
field,  as  a  considerable  proportion  of  the  individuals  of  the  secondary 
parasite  failed  to  emerge  from  the  collected  material.  This  was 
established  b}^  the  dissection  of  mature  larvae  and  pupae  which  had 
failed  to  yield  either  host  or  parasite  adults;  and  in  a  considerable 
proportion,  the  remains  of  parasite  larvae  or  pupae  were  found. 

General  observations  made  in  various  localities  in  Malaya  between 
Singapore  and  Penang  have  revealed  that  the  effectiveness  of  the 
internal  parasites  throughout  this  general  region  closely  approxi- 
mates that  found  at  Singaj^ore.  The  markedly  dominant  species 
at  Singapore  was  Prospaltella  divergens^  and  at  Kuala  Lumpur  it 
was  Eretinocerus  seniis.  ProHfolteUa  sm'ithi  was  dominant  to  a 
lesser  degree  in  several  other  localities.  Instances  of  effective  field 
control  have  been  seen  in  which  each  of  these  has  played  the  domi- 
nant role.  The  disparity  in  numbers  between  the  species  was  usu- 
ally so  great  as  to  demonstrate  the  ability  of  the  single  species  to 
control  the  host. 

HYMENOPTERA 

P]NCARSIA    MEECETI    SiLVESTKI 

This  species  is  fairly  common,  though  never  abundant,  as  a 
parasite  of  AJeurocanthus  ivoglwmi  in  Malaya  and  the  Dutch  East 
Indies,  in  which  sections  it  is  always  dominated  by  Eretmocerus 
or  Prospaltella.  Oviposition  occurs  in  the  advanced  larval  stages 
of  the  host,  and  the  adults  emerge  from  the  host  pupae. 

Eretmocerus  serius  Silvestri 

GENERAL 

This  species  was  originally  described  by  Silvestri  {10)  from  speci- 
mens reared  from  pupae  of  Aleurocanthu^t  wogluml  collected  at 
Singapore.  The  senior  writer's  observations  have  shown  it  to  occur 
throughout  Malaya  and  the  Dutch  East  Indies  and  also  in  Siam, 
Burma,  and  Ceylon.  Its  greatest  abundance  is  attained  upon  A. 
looglwmi  in  Malaya,  though  it  has  been  frequently  reared  from  A. 
eltriperd'us  Q.  and  B.  and,  to  a  lesser  extent,  from  A.  spiniferus  Q. 
and  other  native  species  of  the  genus.  In  this  region  it  ranks  with 
Prospaltella  divergens  as  one  of  the  most  important  of  the  natural 
enemies  of  the  blackfly. 

A  most  striking  illustration  of  the  effectiveness  of  this  species  in 
the  control  of  the  blackfly  was  provided  in  a  small  grove  near  Kuala 
Lumpur  during  the  early  part  of  1930.  In  this  grove  of  young 
orange  and  pummelo  trees  several  were  very  heavily  infested  and 
about  a  dozen  moderately  so.  This  was  the  only  infestation  of  any 
importance  known  at  the  time,  and  consequently  the  adult  flies  were 
collected  in  as  large  numbers  as  possible  for  use  in  infesting  the 
mango  seedlings  utilized  as  host  plants  for  the  first  parasite  ship- 
ment. These  collections  of  adults  were  made  throughout  the  period 
of  emergence,  extending  from  the  middle  of  December  to  the  middle 
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of  January.  In  spite  of  the  large  proportion  of  adult  Hies  taken 
from  these  trees  there  still  occurred  a  very  heavy  oviposition  upon 
the  older  foliage,  ami)ly  sufficient  to  nuiintain  or  even  increase  the 
infestation.  In  view  of  this  it  was  anticipated  that  the  following 
generation  would  be  sufficiently  large  numerically  to  provide  adults 
for  the  preparation  of  an  additional  shipment. 

As  oviposition  and  hatching  of  the  blackfly  progressed  the  emer- 
gence of  Eretniocerus  took  place,  and  wnthin  a  short  time  the  foliage 
was  literally  aliA'e  with  the  parasites.  As  many  as  200  of  these 
adults  were  noted  at  one  time  upon  a  single  leaf.  Realizing  that 
this  condition  foretold  the  destruction  of  a  large  portion  of  the 
blackfly  population,  the  trees  were  sprayed  with  a  solution  of  sugar 
containing  an  arsenic  compound,  to  reduce  their  numbers.  This  was 
effective  against  those  already  on  the  foliage,  but  additional  para- 
sites were  emerging  from  day  to  day  and  the  females  apparently 
were  able  to  effect  a  considerable  oviposition  before  dying.  The 
following  brood  of  blackfly  adults,  which  appeared  in  late  February 
and  March,  was  exceedingly  small  as  compared  with  the  preceding 
one.  This  reduction  was  very  largely  due  to  parasite  attack,  though 
aided  by  a  period  of  relatively  dry  weather.  That  the  latter  was  tlie 
minor  factor  was  demonstrated  by  several  other  small  infestations 
in  the  same  locality,  in  wdiich  the  blackfly  population  at  that  time 
showed  a  numerical  increase.  An  examination  of  the  same  grove 
in  the  following  July  revealed  the  blackfly  at  the  point  of  virtual 
extinction,  as  extensive  search  yielded  only  an  occasional  cluster,  and 
not  more  than  one  was  found  upon  any  single  tree.  Both  Prospal- 
tella  divergeixs  and  P.  siiiithi  were  ])resent  in  this  infestation,  though 
in  very  small  numbers  as  compared  with  Eretmocerus. 

COLONIZATION     IN     CUBA 

The  first  sliijnnent  of  Eretmocerus  from  Malaya  was  made  in 
March,  1930,  and  arrived  in  Cuba  late  in  A])ril.  From  this  con- 
signment 42  females  and  19  males  were  secured  for  rearing  purposes. 
A  few  of  these  were  liberated  directly  in  infested  groves,  though 
the  greater  number  were  retained  for  insectary  rearing.  Reproduc- 
tion in  the  cages  took  jilace  quite  readily,  though  the  first  insectary 
generation  yielded  only  G2  females  and  75  nuiles  and  the  second  670 
females  and  275  jnales.  From  this  point  onward  the  increase  in 
numbers  was  very  rapid,  and  sufficient  quantities  were  available  for 
extensive  field   colonization. 

It  was  soon  found  tliat  the  ratlier  laborious  rearing  of  this  ]iara- 
site  in  tlie  insectary  in  sufficient  numbers  for  the  colonization  work 
planned  was  quite  unnecessary,  as  field-collected  material  could  be 
secured  in  much  lai'ger  numbers  and  with  considerably  less  expendi- 
ture of  labor.  In  cohmizing  groves  in  the  same  general  hn^ality 
as  that  in  wliicli  tlie  i)arasite  is  collected,  the  adults  were  ca))tured 
in  tubes  and  then  immediately  released  directly  in  the  new  groves 
or  confined  in  bags  ii|)on  suitable  l)ranches.  "Where  the  time  of 
transjxtitation  to  a  new  locality  is  so  great  as  to  render  this  means 
im|)racticable  owing  to  moi-tality  of  the  adults,  the  purpose  is  still 
readily  accomjilished  by  the  shipment  of  infested  leaves  upon  which 
the  blackfly  is  largely  in  the  i)U|)al  stage  and  the  parasite  conse- 
quently   at   th<'    point   of  emergence.     From    such    infested    foliage, 
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kept  in  emergence  cages  or  jars,  or  even  placed  directly  in  the  groves, 
the  adult  Eretmocerus  continue  to  emerge  for  a  period  of  10  to  15 
days. 

As  previously  mentioned  in  the  discussion  of  the  normal  rale  of 
parasitization  of  tlie  blackfly  in  Malaya,  the  percentage  of  host  mor- 
tality through  parasite  attack,  in  an  infestation  which  maintains 
numerical  stability,  ranges  from  50  to  G7  per  cent.  In  Cuba  the  per- 
centage of  mortality  effected  at  the  time  when  the  host  may  be  con- 
sidered as  fnlly  controlled  and  the  grove  commercially  clean  ranges 
from  72  to  78  per  cent.  This  is  the  result  of  attack  by  Eretmocerus 
alone,  as  compared  with  the  series  of  three  or  four  species  in  Malaya. 
The  figures  for  five  groves  near  Habana,  all  of  which  bore  a  heavy 
blackfly  infestation,  in  which  the  earlier  colonies  w^ere  liberated  and 
control  effected  prior  to  August  1,  1931,  are  as  given  in  Table  3. 

Table  3. — Data  relating  to  control  of  the  citrus  Mackflij  hi/  Eretmocerus  serins 
in  five  citrus  (/roves  near  Habana,  Ciiha,  1931 


Grove 

Trees 

Date  of  colonization 

Date  of 
examination 

Parasiti- 
zation 

Santa  Lucia    .. 

Number 
800 
700 
800 
700 
900 

June-August,  1930       

June  12,1931 
June  15,1931 
June  18,1931 
July   29,1931 
July   30,1931 

Per    cent 
75.18 

La  Conehita 

August,  1930     

78.  35 

Cemetery-  

June-August,  1930 _._ 

77.43 

San  Antonio ._  . 

July-August,  1930 

78.16 

Rincon ...  ... 

June-August,  1930 

71.85 

Six  additional  groves  were  classed  as  commercially  clean  during 
August  and  early  September. 

In  Santa  Lucia  grove,  in  which  the  first  liberations  were  made  in 
late  June  and  in  July,  1930,  the  control  was  quite  complete  on  the 
date  of  examination.  There  w^as,  however,  a  renewed  outbreak  of 
the  blackfly  in  a  portion  of  the  grove  in  the  generation  developing 
in  June  and  July,  1931.  The  parasitization  of  this  generation,  as 
determined  by  examination  on  July  17,  revealed  that  the  rate  of 
parasite  attack  had  dropped  from  75.2  to  59.4  per  cent.  Even 
this,  however,  was  sufficient  to  check  the  outbreak,  and  the  following 
generation  was  numerically  much  smaller.  This  development  oc- 
curred at  the  season  providing  optimum  conditions  for  host  increase, 
and  in  which  a  very  rapid  intensification  of  infestation  normally 
occurs. 

In  these  groves  the  parasite  has  fully  demonstrated  its  ability 
effectively  to  control  the  blackfly  under  existing  conditions.  The 
late  liberations  are  progressing  satisfactorily  and  the  percent- 
age of  attack  is  such  as  to  give  promise  of  control  after  an  elapsed 
time  approximately  equal  to  that  required  for  the  groves  above 
mentioned.  Upon  the  basis  of  the  development  of  the  colonies  thus 
far  established  the  conclusion  has  been  reached  that  commercial 
control,  using  a  5-acre  grove  as  a  unit,  may  be  effected  within  8  to 
12  months  through  the  liberation  of  a  colony  of  100  to  500  females 
at  one  or  more  points  near  the  center  of  the  grove.  Larger  plantings 
require  the  spacing  of  these  colonies  proportionately,  to  insure  com- 
plete dispersion  within  a  minimum  period  of  time. 

The  liberation  of  greater  numbers  of  parasites  in  the  groves,  in 
an  effort  to  shorten  the  time  elapsing  before  control  is  secured,  does 


24        TECHNICAL   BULLETIN    3  2  0,    LT.    S.    DEPT.    OF   AGRICULTURE 

not  give  results  commensurate  with  the  labor  involved.  Assuming 
that  the  actual  rate  of  increase  of  the  species  is  fifty  times  in  each  of 
the  earlier  generations,  which  is  believed  to  be  a  conservative  esti- 
mate for  the  initial  generations,  it  would  be  necessary  to  liberate 
fifty  times  as  many  parasites  in  the  original  colony  to  effect  a 
shortening  of  the  required  period  by  one  month,  representing  one 
generation  of  the  parasite. 

Occasional  instances  have  been  noted  in  the  field  in  which  the 
percentage  of  parasite  attack  has  been  very  high  for  several  gen- 
erations without  exerting  any  appreciable  check  upon  the  blackfly. 
In  these  groves,  however,  the  local  conditions  have  been  such  as  to 
induce  an  exceptional  exuberance  of  development  of  the  fly  sufficient 
to  withstand  the  loss  through  parasite  attack  and  still  provide  a 
large  surplus  for  increase.  This  was  particularly  well  illustrated 
in  Finca  Mendieta  at  Hoyo  Colorado,  in  which  liberations  were  made 
in  early  August,  19:30.  Here  the  trees  are  interplanted  with  banana 
and  mango,  providing  a  certain  amount  of  shade  and  giving  an 
increased  atmospheric  humidity.  The  growth  of  the  orange  trees 
is  much  more  luxurious  than  is  normally  the  case.  The  parasite 
attack  in  this  grove  upon  the  generation  maturing  in  early  July, 
1931,  was  found  to  be  6G.6  per  cent,  and  it  was  known  to  have  been 
quite  heavy  for  the  two  preceding  generations  also.  In  spite  of 
this  heavy  mortalit}^  which  normally  is  sufficient  to  subjugate  the 
host,  the  blackfly  oviposition  and  development  in  the  July-August 
generation  was  exceptionally  heav}',  yielding  an  infestation  more 
extensive  than  that  earlier  in  the  season. 

The  above  condition  is  not  considered  to  have  demonstrated  any 
weakness  in  the  control  capabilities  of  Eretmocerus.  No  parasite 
can  hope  to  cope  with  a  host  species  so  long  as  such  an  unusual  de- 
velopment is  taking  place.  During  this  time,  however,  the  parasite 
population  is  being  built  u})  to  a  high  numerical  level  and  as  soon 
as  the  host's  upward  swing  begins  to  falter,  owing  to  adverse  climatic 
conditions,  the  full  force  of  attack  centers  upon  the  weakened  infes- 
tation. At  this  time  the  subjugation  of  the  host  is  extremely  rapid, 
and  the  numerical  level  to  which  it  is  forced  is  so  low  as  to  eliminate 
the  possibility  of  a  repetition  of  the  conditions  in  succeeding  gene- 
rations.* Only  six  months  of  the  year,  covering  approximately  three 
generations,  provide  meterological  conditions  suitable  for  numerical 
increase  of  the  blackfly  even  in  infestations  free  from  parasite  or 
fungus  attack. 

Owing  to  the  very  active  habits  of  the  adults  of  Eretmocerus,  the 
dispersion  of  the  species  may  be  i-apid  as  compared  with  others  of 
this  group,  tliough  this  dispersion  is  largely  dependent  upon  the  con- 
dition of  the  host  infestation.  Where  an  ample  supply  of  blackfly 
larvae  in  the  various  stages  is  availal)le  for  ovij)()sitif)n  by  the  ])ara- 
site,  the  latter  remains  largely  in  the  locality  of  emergence.  Obser- 
vations upon  the  progress  of  Eretmocerus  colonies  in  heavily  infested 
groves  show  a  general  dispersion  during  (he  early  periods  of  about 
five  rows  of  trees  for  each  generation.  This  is  quite  unifdi'm  in  all 
directions  and  irrespective  of  the  direction  of  the  prevailing  wind. 

*  This   point   is   particularly    well    illiistratocl    in    tlio   lator  rtevolopments    in    tlio   above- 
mentioned  grovo,  wlicro  coinnuMcia!  control  was  cITcctcd  liy  Nov.  1,  I'.VM. 
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When  the  host  popiUation  has  become  much  reduced  the  greater 
l^roportion  of  the  adult  parasites  leave  the  trees  upon  which  they 
developed  and  search  for  fresh  host  material.  At  this  time  the  range 
of  dispersion  is  much  greater,  and  instances  have  been  observed  of 
spread  to  groves  more  than  1  mile  distant,  with  no  blackfiy  colonies 
in  the  intervening  zone. 

Figure  8  is  a  map  of  Cuba  showing  the  points  of  colonization  of 
Eretmocerus  in  the  island  to  September  20,  1931.  It  is  seen  that  the 
distribution  of  the  parasite  is  now  general  in  all  Provinces,  and  these 
groves  can  be  utilized  as  sources  of  supply  for  distribution  to  others 
in  the  same  localities. 

A  total  of  237  colonies  had  been  liberated  in  the  field  up  to  the 
above  date,  of  which  77  were  in  Habana  Province,  67  in  Oriente,  and 
59  in  Camaguey. 

The  thorough  distribution  of  the  parasite  to  all  infested  groves 
is  handicapped  by  the  fact  that  there  is  no  agency  in  the  island" 
through  w'hich  information  can  be  secured  regarding  the  location  of 
citrus  plantings.  The  larger  commercial  groves  are  readily  found, 
and  practically  all  of  these  have  been  provided  with  parasite  colonies. 
The  smaller  plantings,  situated  away  from  the  main  roads,  are  dis- 
covered mainly  through  the  complaints  of  owners  regarding  insect 
damage.  Extensive  publicity,  stressing  the  availability  of  parasites 
for  blackflv  control,  will  in  time  result  in  the  reaching  of  these  in- 
testations  and  the  consequent  more  general  dispersion  of  the  para- 
site. A  considerable  period  of  time  w^ill  elapse,  however,  before 
this  work  can  be  considered  complete. 

LIFE   HISTORY  AND   HABITS 

Under  normal  field  conditions  in  Malaya,  wdiere  the  host  insect 
occurs  in  very  clearly  defined  generations,  with  the  adults  present 
for  a  period  of  about  one  month  rather  than  continuously,  the 
Eretmocerus  adults  appear  in  greatest  numbers  during  the  latter 
part  of  the  host  emergence  period.  By  this  time  a  considerable 
portion  of  the  early  host  eggs  have  already  hatched  and  many  of  the 
first-stage  larvae  wdiich  are  abundant  on  the  foliage  are  ready  to 
transform  to  the  second  stage.  Oviposition  by  the  parasite  is  in 
any  stage  from  the  first  larval  to  the  pupal,  though  preferably  in 
the  second  larval  stage,  and  the  complete  cycle  covers  approximately 
four  weeks.  Thus,  the  individuals  wdiich  attacked  the  host  material 
first  available  emerge  when  the  latter  portion  of  the  host  brood  is 
still  in  the  larval  stage ;  consequently  the  parasite  is  able  to  develop 
two  generations  to  each  one  of  the  host.  This  habit  is  very  evidently 
markedly  advantageous  from  the  point  of  view  of  biological  control, 
as  it  permits  of  the  attainment  of  a  high  numerical  level  in  a  very 
short  period  and  assures  that  no  females  shall  die  without  oviposition 
through  lack  of  suitable  hosts  at  the  time  of  emergence.  In  this 
respect  Eretmocerus  is  definitely  superior  in  adaptation  to  the  other 
parasite  species  which  have  been  studied,  being  entirely  independent 
of  any  variation  in  the  host  cycle.  In  contrast  to  this,  Prospaltella 
and  Encarsia  have  only  a  single  generation  to  each  one  of  the  host 
and  are  more  restricted  in  their  choice  of  the  stage  of  the  latter  wdiich 
they  are  able  to  attack  successfully. 
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In  Cuba  it  has  been  found  that  development  from  egg  to  adult 
covers  a  period  of  2;^  to  40  days  under  optimum  sumuicr  conditions. 
This  difference  in  time  of  development  is  due  to  the  varying  length 
of  time  whicli  the  early  larval  stages  of  the  parasite  must  pass 
beneath  the  host  in  a  semiresting  condition.  Where  mature  larvae 
or  pupae  are  attacked  this  period  is  reduced  to  a  mininunn  (23  to  80 
days)  whereas  the  longer  period  (30  to  40  days)  is  required  in  the 
case  of  those  hosts  which  are  attacked  in  their  earlier  stages.  The 
developmental  cycle  of  the  male  is  normally  about  two  days  shorter 
than  that  of  the  female. 

Under  the  seasonal  conditions  prevailing  in  Cuba,  Eretmocerus 
breeds  continuously  throughout  the  year,  though  development  is  con- 
siderably retarded  during  the  winter  months.  The  numerical  ratio 
in  relation  to  the  host  increases  during  this  time,  liowever,  owing  to 
the  decline  of  the  latter  through  adverse  clinuitic  conditions. 

Oviposition  may  take  place  in  any  stage  from  the  first  larval  to 
the  pupal,  and  maturity  is  attained  from  all  of  these  stages.  The 
great  majority  of  eggs,  however,  are  placed  beneath  second-stage 
larvae,  and  the  third  larval  and  pupal  stages  are  attacked  largely  by 
the  females  of  the  first  brood  of  parasite  adults. 

In  ovipositing,  the  female  approaches  the  host  from  the  side  and 
examines  it  momentarily  with  the  antennae.  She  then  reverses  her 
position  and  thrusts  the  ovipositor  into  the  mid-lateral  region  of 
the  body  at  a  downward  angle.  Both  the  dorsal  and  ventral  body 
w^alls  are  pierced  by  the  ovipositor,  and  the  egg  is  placed  on  the  leaf 
surface  beneath  the  host,  almost  invariably  in  the  area  near  the  line 
dividing  the  thorax  and  abdomen.  The  entire  process  of  oviposition 
covers  less  than  one  minute. 

The  manner  of  oviposition  is  very  unusual  in  an  aleyrodid  parasite, 
as  all  of  those  which  have  been  studied  heretofore  have  been  of  true 
internal  habit.  Repeated  dissections  of  host  larvae  in  which  oviposi- 
tion had  been  seen  to  occur  failed  to  reveal  eggs  within  the  body, 
and  the  fact  that  they  remain  attached  to  the  leaf  when  the  larva 
is  removed  prevented  detection  even  by  external  examination.  Occa- 
sionally an  egg  may  adhere  to  the  ventral  surface  of  the  host  rather 
than  to  the  leaf,  and  to  this  fact  was  due  the  eventual  discovery  of 
the  true  habit  of  the  species. 

The  egg  (fig.  9,  B)  when  laid  is  0.08  mm  in  length  and  0.055  mm 
in  maximum  widtli,  with  a  small  protuberance  at  the  anterior  end 
and  a  broadened  one  at  the  posterior  end.  The  shape  is  irregular,  as 
shown  in  the  figure.  At  first  it  is  quite  translucent,  but  later  the 
chorion  assumes  a  distinct  amber  or  brownish  color.  At  hatching 
the  chorion  splits  across  the  front  and  about  three-fourths  the  length 
on  each  side. 

The  primary  larva  (fig.  9,  C)  is  0.08  mm  in  length  and  not  of  the 
usual  distinctly  segmented  form,  but  instead  is  pear-shaped  or  nearly 
globular,  and  with  no  apparent  segmentation.  The  broad  posterior 
or  basal  j^ortion  of  the  body  retains  connection  with  the  eggshell  and 
is  partly  enveloped  by  it.  The  larva  is  thus  anchored  to  the  leaf  by 
the  shell  and  the  extension  of  the  body  upward  brings  the  head  and 
mouth  parts  into  contact  with  the  ventral  surface  of  the  host  body, 
thus  permitting  a  certain  amount  of  feeding. 
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The  second  larval  stage  measures  0.14-0.15  mm  in  length  and  is 
similar  in  general  form  to  the  first,  though  with  several  constrictions 
visible  which  divide  the  body  into  three  or  four  "•  segments."  The 
connection  with  the  eggshell  is  retained,  while  the  first  cast  skin 
envelops  the  caudal  portions  of  the  body.  No  movement  occurs  in 
this  or  the  preceding  stage.  Feeding  continues  externally,  as  before, 
though  further  development  is  delayed  pending  penetration  of  the 
host. 

The  period  of  time  following  the  hatching  of  the  egg,  during 
which  the  parasite  larva  feeds  externally,  is  dependent  upon  the 
stage  of  development  of  the  host  at  the  time  of  oviposition.  While 
a  certain  amount  of  feeding  takes  place  during  these  first  two  stages, 


FiGUKB  9. — EretmoccrUH  nerius:  A,  Adult  female,  X  40  ;  B.  dorsal  and  lateral  views 
of  the  egg,  X  200 ;  C,  first-stage  larva,  X  230 ;  D,  diagrammatic  longitudinal 
section  of  tliird-stage  Aleurocanthus  larva,  showing  the  second-stage  parasite 
larva  beneath  the  body,    X   33  ;  E,  dorsal  view  of  fourth-stage  larva,    X    60 

as  a  whole  this  period  of  external  existence  may  be  considered  a 
waiting  period,  and  the  second  molt  is  delayed  until  after  penetra- 
tion of  the  body.  Irrespective  of  the  stage  of  the  host  at  the  time  of 
oviposition,  the  entry  of  the  parasite  larva  does  not  take  place  until 
after  the  transformation  of  the  host  to  the  pupal  stage,  following 
which  development  is  ra])id. 

At  the  time  of  penetration  of  the  host  a  veiy  distinct  hole,  0.06- 
0.07  mm  in  diameter,  is  left  in  the  ventral  integument.  The  para- 
site larva  aj)parently  molts  immediately  after  entry,  and  the  cast 
skins,  often  wilii  the  eggshell  as  well,  remain  to  seal  the  aperture. 
This  point  of  entry  is  })lainly  evident  exteinally  and  is  surrounded 
by  a  brownish  area  which,  in  contrast  to  the  normal  black  colora- 
tion, ])r(n'ides  a  ready  means  of  distinguishing  ])arasitized  individ- 
uals.    'J'his  entry  is  ell'ected  very  slior.tly  after  the  pupal  stage   is 


THE    CITRUS    BLACKFLY   IN    ASIA  29 

attained,  and  the  development  of  tlie  pupa  is  almost  immediately 
arrested.  No  instance  has  been  observed  of  a  parasitized  individual 
developing  sufficiently  to  make  the  body  divisions  or  ai)pendages 
distinguishable. 

In  view  of  the  fact  that  the  first  and  second  stage  larvae  remain 
attached  to  the  leaf  through  possibly  several  molts  by  the  host,  the 
habits  of  the  latter  at  these  times  are  of  iuiportance  to  the  parasite. 
The  successive  molts  are  effected  by  a  splitting  of  the  anterior  latero- 
ventral  margin,  this  break  extending  to  the  posterior  margin  of  the 
thorax.  Immediately  after  emergence  from  the  old  skin  a  charac- 
teristic rotation  of  the  body  upon  its  axis  occurs,  this  movement 
extending  to  a  change,  up  to  180°,  in  position.  At  this  time  there 
is  some  chance  of  the  minute  parasite  larva  being  left  beyond  the 
body  as  it  settles,  this  of  course  being  more  possible  in  the  first  molt, 
when  the  host  body  is  relatively  small.  However,  the  parasite  egg 
is  laid  beneath  the  thoracic  region,  and  the  eventual  penetration  is 
also  usually  efl'ected  in  this  area,  consequently  it  would  appear  that 
the  center  of  rotation  of  the  host  is  at  that  point. 

The  molt  to  the  third  larval  stage  occurs  very  shortly  after  en- 
trance into  the  host  body.  In  the  great  majority  of  cases  this  occurs 
in  the  thoracic  region.  The  larva  at  this  time  is  0.3  mm  in  length 
and  quite  different  in  form  from  the  two  preceding  stages,  being 
almost  globular,  markedly  weevillike,  and  with  the  segmentation 
distinct. 

The  larva  is  attached  quite  securely  to  the  ventral  derm  of  the  host 
at  the  point  of  entry,  but  the  manner  in  which  this  is  accomplished 
has  not  been  learned.  The  body  lies  embedded  in  the  mass  of  tra- 
cheal branches  present  in  this  region  of  the  host;  but  so  far  as 
can  be  determined,  the  constant  position  mentioned  has  no  relation 
to  respiratory  activities. 

The  final  larval  stage  (fig.  9,  E)  is  0.5  mm  in  length  and  very 
robust  in  form,  though  somewhat  more  elongate  than  the  preceding 
stages,  and  distinctly  segmented.  The  first  body  segment  is  hemi- 
spherical in  form,  with  a  distinct  median  frontal  depression.  The 
oral  orifice  is  situated  ventrally,  and  the  mouth  parts  are  exceedingly 
minute.  The  tracheal  system  comprises  two  pairs  of  large  open 
spiracles  on  the  thorax  and  an  indistinguishable  number  of  minute 
ones  on  the  abdomen. 

During  the  early  part  of  this  stage  the  attachment  to  the  ventral 
integument  of  the  host  is  retained.  Later  the  mature  larva  lies  free 
in  the  body  and,  when  preparing  for  pupation,  orients  itself  with 
the  head  toward  that  of  the  host  and  with  its  ventral  side  upward. 
The  body  contents  of  the  host  are  entirely  consumed,  and  no  solid 
meconium  is  cast  by  the  larva. 

The  pupa,  which  is  of  normal  form,  lies  in  the  above  position  also. 
When  the  pupal  skin  is  cast,  the  adult  parasite  cuts  a  circular 
emergence  hole  through  the  dorsal  integument  of  the  host  body. 
In  every  instance  noted  this  emergence  hole  has  been  situated  at  the 
anterior  end  of  the  body. 

In  view  of  the  high  percentages  of  parasitization  attained  by 
Eretmocerus  in  Malaya  and  Cuba,  it  is  inevitable  that  a  heavy  loss 
should  occur  through  superparasitism.  No  apparent  discrimination 
is  exercised  by  the  female  in  the  choice  of  hosts,  and  as  many  as  eight 
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first  and  second  stage  larvae  have  been  found  beneath  a  single  host 
individual.  Only  one  of  these,  however,  can  ever  attain  maturity. 
No  instance  has  been  noted  of  more  than  a  single  larva  within  the 
host  body,  nor  is  more  than  one  entry  hole  ever  evident,  so  that  it 
would  appear  that  the  larva  first  effecting  entry  is  able  to  prevent 
the  entry  of  those  remaining,  though  no  explanation  is  offered  as 
to  how  this  is  accomplished.  The  death  of  the  superfluous  larvae 
takes  place  outside  of  the  host  bodj^  and  in  their  second  stage.  In 
infestations  showing  the  high  degree  of  parasitization  which  is  often 
attained  under  field  conditions  this  mortality  may  represent  the 
greater  portion  of  the  reproductive  potential. 

Emergence  of  the  adults  of  Eretmocerus  occurs  very  largely  dur- 
ing the  early  morning  hours,  a  habit  common  to  most  parasitic 
Hjmienoptera  of  diurnal  habit.  Mating  takes  place  upon  the  foli- 
age very  shortly  thereafter,  and  oviposition  may  ensue  the  same  day. 
The  females  are  most  active  upon  the  foliage  during  the  ])eriod 
from  10  a.  m.  to  2  p.  m.,  during  which  time  the  greater  proportion 
of  oviposition  is  accomi^lished.  In  mid-afternoon  they  largely  dis- 
appear from  the  trees. 

Dissections  of  gravid  females  have  shown  a  total  of  approximately 
100  fully  mature  eggs  in  the  reproductive  system,  with  a  varying 
total  in  the  earlier  stages  of  formation.  Oviposition  continues  over 
a  period  of  7  to  10  days,  and  it  is  estimated  that  a  least  200  eggs 
are  laid  during  this  time.  Counts  made  of  emerging  adults  from 
several  colonies  gave  a  sex  ratio  of  1.99:  1,  the  females  predominat- 
ing, and  the  reproductive  potential  is  consequently  135  or  some- 
what higher. 

The  percentages  of  parasitization  of  the  two  sexes  of  the  blackfly 
by  Eretmocerus  are  approximately  equal,  though  some  deviation 
from  this  is  shown.  In  five  groves  from  which  counts  were  made, 
these  totaling  7,711  individuals,  the  sex  ratio  of  A.  woglumi  ranged 
from  1.26 : 1  to  1.68 : 1,  with  the  mean  at  1.52 : 1,  the  females  pre- 
dominating in  each  case.  In  two  of  these  gi^oves  the  blackfly  was 
very  heavily  parasitized  by  Eretmocerus.  The  sex  ratios  of  the  host 
in  these  gi-oves  were  1.26:1  and  1.51:1,  while  those  of  the  para- 
sitized individuals  only  were  1.09:1  and  1.52:1,  respectively.  The 
oviposition  and  developmental  habits  of  the  parasite  present  no 
basis  for  any  departure  from  the  law  of  chance  occurrence  in  the 
selection  of  hosts. 

Owing  to  the  peculiarities  in  the  life  history  of  Eretmocerus,  it  is 
possible  to  recognize  parasitized  hosts  in  any  stage  and  to  dis- 
tinguish tliem  from  ^\v\\  as  may  be  un])arnsitized  or  are  attacked  l)y 
Prospaltella  or  Encarsia.  This  extends  even  to  the  empty  })upal 
case  from  which  the  adult  parasite  has  emerged.  Those  Aleurocan- 
thus  larvae  or  pupae  upon  which  the  parasite  is  in  the  e^^  or  the  first 
two  larval  stages  may  be  recognized  1)V  the  actual  ]u-esence  of 
these  tonus  on  the  leaf  surface  beneath  the  hoily,  while  such  as  con- 
tain the  more  advanced  stages  within  the  body  reveal  tlieir  presence 
by  the  ventral  entry  hole,  surrounded  by  a  liglit  brownish  area,  con- 
trasting markedly  with  the  normal  black  coloration  of  the  integu- 
ment. 'Jliis  ])oint  of  entry  is  also  readily  visihh"  in  the  em[)ty  pupal 
shells.     ProKpaltcUa  divergens^  P.  sin/'thi,  and  Encarsia  merceti  are 
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true  internal  parasites,  and  consequently  no  inniature  forms  can  be 
found  beneath  the  host  body,  and  the  distinctive  entry  hole  is 
lacking. 

Pkospaltella  divergens  Silvestki 

Prospdltella  divei'ycns  is  of  connuon  occurrence  throughout 
Malaya,  Java,  and  Sunuitra.  It  attacks  practically  every  species  of 
the  genus  Aleurocanthus  present  in  these  sections.  Upon  A.  wog- 
lumi  it  is  the  dominant  parasite  at  Singapore,  but  is  superseded  by 
Erctmoccrus  t^er/as,  and  occasionally  by  P.  siiiltltl  also,  in  some  other 
localities  in  Malaya,  in  which  it  has  been  studied.  At  Medan, 
Sumatra,  it  is  by  far  the  most  common  species  attacking  A.  spini- 
ferus,  representing  approximately  DO  per  cent  of  the  parasite  popu- 
lation upon  this  host.  However,  no  instance  was  observed  of  effec- 
tive control  of  sphilfe7i(^,  as  this  aleyrodid  attained  a  destructive 
status  in  many  groves  and  the  percentage  of  parasitization  was  sel- 
dom high.  The  third  species  of  Aleurocanthus  occurring  upon 
citrus  in  Malaya  and  the  Dutch  East  Indies,  A.  citriperdus,  also 
serves  as  a  host  of  this  parasite.  In  general  its  attack  upon  A. 
woglumi  is  more  extensive  than  upon  any  of  the  other  hosts  noted, 

Oviposition  occurs  in  the  primary  larval  stage,  aiid  emergence 
of  the  adult  is  from  the  host  pupa.  A  single  generation  is  pro- 
duced upon  each  one  of  the  hosts,  as  compared  to  two  in  the  case  of 
Eretmocerus.  P.  divergens  (fig,  10)  is  represented  by  females  only, 
as  progeny  are  of  the  female  sex  alone  when  parthenogenetic  re- 
production occurs,  wdiich  is  the  normal  condition.  What  had  pre- 
viously been  considered  to  be  the  males  of  this  species  later  proved 
to  be  those  of  P.  smithi  instead.  Not  a  single  instance  of  mating 
has  been  observed  in  the  field  in  the  case  of  P.  divergens^  Avhile  with 
other  species  it  may  frequently  be  seen. 

The  adult  females  are  quite  inactive  in  habit  and  do  not  have 
nearly  the  capabilities  for  dispersion  exhibited  by  Eretmocerus.  In 
the  field  they  may  be  observed  in  numbers  upon  the  young  foliage 
bearing  eggs  and  early  stage  larvae  of  the  host,  apparently  await- 
ing the  attainment  of  the  proper  stage  of  the  latter  for  oviposition. 

In  the  three  consignments  of  parasite  material  forwarded  from 
Malaya  during  1930  and  1931  P.  divergens  was  present  in  varying 
numbers.  From  the  first  shipment  34  females  were  obtained,  but 
no  progeny  developed  from  these  in  the  attempted  breeding  work  in 
Cuba.  The  second  lot  yielded  43  females  at  New  York,  but  none 
of  these  reached  Cuba  alive.  The  third  shipment  consisted  almost 
solely  of  this  species,  and  a  total  of  750  females  emerged  during 
the  month  following  arrival  in  Cuba.  Dissections  of  females  from 
the  cages  before  liberation  revealed  mature  eggs  in  normal  numbers 
in  the  reproductive  system.  Some  of  the  adult  females  were  con- 
fined in  transparent  cellulose-paper  and  cloth  bags  upon  heavily 
infested  orange  seedlings  in  the  insectary,  while  others  were  similarly 
caged  upon  suitable  branches  in  the  field.  A  lesser  number  were 
liberated  directly  upon  the  trees  in  two  groves  in  which  the  host  was 
largely  in  the  egf^  and  early  larval  stages.  In  all  cases  the  females 
were  observed  to  attack  the  first-stage  larvae  almost  immediately 
after  becoming  aware  of  their  presence  upon  the  foliage. 

This  last  consignment  arrived  at  Habana  on  June  3,  and  the 
emergence  of  the  adults,  with  the  attempted  colonization  and  rear- 
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ing,  took  place  durinir  the  month  following.  The  first  half  of  June 
was  relatively  dry.  but  the  latter  half  and  July  presented  a  relatively 
high  humidity  and  rainfall,  the  climatic  conditions  thus  being  simi- 
lar in  all  api^arent  respects  to  those  of  the  native  habitat  of  the  para- 
site in  Malaya. 

In  spite  of  the  fact  that  the  host  material  provided  was  abundant 
in  quantity,  in  all  stages  of  development,  and  attained  maturity 
normaljy,  and  that  climatic  conditions  were  apparently  ideal,  not  a 


Figure  10. — .\dult  female  of  Prospaltella  divergent,  x   70 

single  individual  developed  from  the  large  number  of  females  used 
in  tiie  attempted  rearing  and  colonization  work.  This  complete  and 
sudden  loss  of  th(»  entire  colony  was  an  entirely  unexjiected  develop- 
ment and  is  diiliciilt  to  exj)lain.  The  original  stock  in  Malaya  was 
secured  from  both  Kwghimi  and  spinifcrtis,  and  the  host  material  in 
the  AVardian  cages  on  the  return  trij^,  upon  which  at  least  one  gen- 
( ration  must  June  been  passed,  was  irof/7u?iu'  of  Cnl)an  origin;  conse- 
fiiUMitlv  the  loss  of  the  colonv  can  not  bo  attributetl  to  the  existence  in 
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ba  of  a  parasite-resistant  race  of  the  blackfl}'. 
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I'liOSl'Al.TKIJ.A     SMITHI     SlLV.ESTHI 

Prospaltella  smitJil  is  of  <^eneral  occurrence  upon  Aleurocanthus 
uioglu7ni,  citriyerduH^  and  sp'miferus  in  the  Far  East,  its  distribution 
beino-  more  extensive  than  that  of  any  of  the  other  species  studied. 
In  the  original  records  Silvestri  {10,  12)  listed  it  as  a  parasite  of  A. 
sphuferm  in  southern  China  and  A.  woglumi  in  Ceylon,  and  also 
stated  {11)  that  the  species  effectively  controls  the  latter  host  in  those 
countries  and  at  Singapore. 

The  senior  writer's  observations  show  this  species  to  be  connnon 
throughout  Malaya  and  to  occur  in  only  relatively  small  numbers  in 
Java,  Sumatra,  and  Ceylon.  In  all  of  the  infestations  at  Singapore 
it  was  much  less- numerous  than  either  Eretmocerus  scrius  or  Pros- 
jmlteUa  dhergens,  while  aX  Muar,  Johore,  it  was  approximately  equal, 
in  numbers  to  Eretmocerus.  In  only  a  single  instance,  this  being  on 
a  few  small  trees  at  Kuala  Lumpur,  was  P.  sniithi  found  to  occupy 
the  dominant  role  among  the  j)arasites  of  A.  woglimu.  In  general 
it  may  be  rated  as  third  in  importance  in  the  series,  being  preceded 
by  the  two  species  above  mentioned. 

^ Prospaltella  sm'fthi  (fig.  11)  was  introduced  into  Japan  from 
southern  China  by  Silvestri  in  192.5  in  an  effort  to  control  A.  sphu- 
ferus,  which  had  become  exceedingly  destructive  to  citrus  in  Kyushu. 
Kuwana  and  Ishii  (9)  report  that  four  generations  are  produced  each 
year  and  that  a  field  parasitization  of  74.2  per  cent  has  been  attained. 

Oviposition  by  P.  smiflii  takes  place  largely  in  the  primary  larval 
stage  of  the  host,  though  females  have  frequently  been  observed  to 
attack  the  later  larval  stages  also.  The  adult  emerges  from  the  host 
pupa.  There  is  a  single  generation  to  each  one  of  the  host,  and  this 
explains  the  development  of  only  four  generations  during  the  year 
in  Japan  as  compared  with  six  in  Malaya,  the  retardation  in  de- 
velopment during  the  cooler  portions  of  the  year  being  correlated 
with  that  of  the  host. 

A  considerable  number  of  this  species  were  included  in  the  last 
two  parasite  shipments  from  Malaya  to  Cuba,  but  development  in 
the  Wardian  cages  en  route  was  very  unsatisfactory.  In  the  final 
consignment  a  total  of  1,220  females  were  reared  from  Malayan 
hosts,  largely  A.  tooglu/nii,  and  liberated  in  the  cages,  yet  upon 
arrival  inCuba  the  total  emergence  was  only  15  females,  and  these 
were  emerging  over  a  period  of  several  weeks.  In  the  preceding 
shipment,  which  Avas  held  at  New  York,  only  the  adult  parasites 
being  forwarded  to  Cuba,  51  females  were  reai-ed,  but  not  a  single 
one  was  alive  upon  arrival  at  the  laboratory.  In  this  case  the  origi- 
nal parasitization  was  secured  by  placing  the  infested  seedlings  in 
a  tree  in  the  field  upon  which  the  adult  parasites  were  known  to 
be  abundant.  The  better  results  thus  obtained  would  indicate  that 
the  Wardian  cages  do  not  provide  conditions  conducive  to  exten- 
sive oviposition. 

Pbospaltella  spp. 

The  various  parasites  reared  from  Aleurocanthus  spimferus, 
citriperdus,  and  tvoglumi  at  Medan,  Sumatra,  included  a  small  pro- 
portion of  what  has  been  determined  as  a  new  species  of  Prospaltella. 
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Its  normal  host  is  apparently  A.  cifnperdus,  and  only  an  occasional 
individual  "was  reared  from  A.  woglumi.  This  species  "was  not  en- 
countered in  any  of  the  other  collecting  localities  in  Sumatra  or 
Java. 

At  Colombo,  Ceylon,  an  adchtional  species  of  Prospaltella  "was 
reared  from  pupae  of  A.  icogliuni.  No  biological  observations  were 
made  upon  either  of  these  two  species. 


"5?5^S$5$^ 


FiGUifE   11. — Adult    I'cnialc   of  I'DispultcJUi   .'<niitlii,    x    70 

hyperparasites 

Ablerus   macbochaeta   subsp  inquirenda   Hii.vestri 

Ahlerus  maci'ochaeta  subsp.  inqmrenda  (fig.  12)  has  been  taken 
v^ry  abundantly  as  a  liyperparasite  of  all  Aleurocanthus  in  Mahiya, 
Siaiii.  and  tlie  Dutcli  East  Indies,  and  in  small  numbers  in  Ceylon, 
It  attacks  I'Jnt nioccnis  scriuK^  Kiicarsia  /ncrcef!,  and  the  various 
species  of  Prospcltclla  which  attack  the  above  host  genus.  A  few 
individuals  were  also  reared   from  Aintfu-s  hesperidum  Silv.,  para- 
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sitic  on  A.  cifriperdus  in  Sumatra.  Among  the  various  sections  in 
which  these  parasites  have  been  studied  the  greatest  mortality  was 
found  to  be  effected  upon  FrospaUeUa  divergens  at  Medan,  Sumatra. 
In  general  it  may  be  estimated  that  the  loss  among  the  various  pri- 
mary parasites  in  tropical  Asia,  due  to  attack  by  this  secondary 
species,  is  approximately  50  per  cent. 

Development  of  this  subspecies  takes  place  internally  in  the  body 
of  the  mature  larva  or  pupa  of  the  primary  host,  more  particularly, 
however,  in  the  first-named  stage.  Blackfly  pupae  from  which 
inquirenda  have  emerged  can  not  be  distinguished  from  those  which 


FiGUEE  12. — Adult  ftmale  of  Ablerus  matrochaeta  subsp.  inquirenda,    X    65 

have  yielded  the  primary  parasites,  though  in  the  latter  case  the 
emergence  holes  are  much  more  constantly  in  the  anterior  end  of  the 
body. 

Silvestri  (12)  described  Alherus  macrochaefa  as  being  reared  from 
pupae  of  Aleui-ocanthus  inceratus  Silv.  in  Indo-China  and  stated 
that  it  was  probably  parasitic  upon  Prosfaltella  opulenta  Silv. 

Ablerus  connectans  Silvestei 


Silvestri  {12)  records  the  rearing  of  Ahlerus  connectans  from 
pupae  of  Aleurocanthus  woglumi  in  Ceylon.  Its  true  relation  to  the 
blackfly  is  uncertain,  but   from  the   limited   observations   possible 
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during  the  senior  writer's  visit  to  Ceylon  in  1930  it  appeared  to  be 
secondary.  The  mortality  effected  by  this  and  the  first-named 
species  was  approximately  50  per  cent,  thus  reducing  the  numbers  of 
the  primary  parasites  to  the  same  extent  as  does  A.  tnacrochaeta 
subsp.  inqidrenda  in  Malaya. 

PREDATORS  IN  TROPICAL  ASIA 

The  predators  of  Aleurovantlius  woglumi  and  others  of  that  genus 
in  troi^ical  Asia  represent  a  large  number  of  species  and  an  excep- 
tional range  of  insect  groups.  As  is  to  be  expected,  those  most 
frequently  noted,  and  representing  the  greater  number  of  species, 
are  the  co€cinellid  beetles.  Of  this  family  four  species  are  here 
listed  as  being  primarily  predators  of  Aleurocanthus,  and  one  as  an 
occasional  predator.  Of  exceptional  interest,  though  of  little  actual 
importance  from  the  point  of  view  of  biological  control,  are  the  two 
representatives  of  the  dipterous  family  Drosophilidae  and  the  one 
species  of  the  lepidopterous  family  Pyralidae. 

This  abundance  in  the  number  of  species,  however,  does  not  indi- 
cate a  corresponding  effectiveness  in  control.  In  aggregate  effect 
the  predators  represent  one  of  the  least  important  of  the  factors 
affecting  Aleurocanthus  woglumi  in  its  native  habitat.  An  excep- 
tional circumstance  is  the  apparently  greater  restriction  in  the  choice 
of  hosts  than  is  exhibited  by  the  parasites. 

coleoptera 

Cybocephalus  sp. 

The  nitidulid  Cyhoce/plialiis  sp.  was  found  as  a  predator  of 
Aleyrodidae  in  only  a  single  instance,  it  being  noted  as  attacking  a 
mixed  infestation  of  Aleurocanthus  citrlperdus  and  woglumi  at 
Buitenzorg,  Java,  in  April,  1931.  The  larvae  are  pure  Avhite  in 
color  and  in  general  appearance  much  resemble  those  of  Scijmnus  sp. 
near  palUdicollis  (p.  41),  though  none  was  observed  to  carry  the 
dorsal  pad  of  cast  host  skins  as  does  the  latter  species.  Feeding  by 
the  larva  is  restricted  largely  to  the  later  larval  and  pupal  stages  of 
the  blackflv.  Tliese  larvae  are  sluggish  in  movement  and  remain 
upon  the  same  leaf  throughout  the  feeding  period.  Pupation  occurs 
in  a  cell  in  the  soil  rather  than  upon  the  foliage. 

Approximately  200  eggs  and  larvae  were  collected,  and  the  greater 
portion  of  these  placed  upon  well-infested  citrus  seedlings  in  Ward- 
ian  cages  for  shipment  to  Cuba.  The  remainder  were  provided 
with  food  in  vials  and  with  light  soil  for  pupation.  The  few  adults 
which  later  emerged  were  also  placed  in  the  cages.  No  reproduction 
took  place  en  route,  and  examination  of  the  cages  upon  nri-ival  failed 
to  icN'eal  the  species  in  any  stage. 

Cryptognath.v  sp. 

GENEKAL 

Tlie  coccincllid  Crgptognatha  sp.  is  exceedingly  uncommon  as 
a  prodntor  of  Alcurocantlius  in  tio])ical  Asia.  Dui'ing  tlie  entire 
coui-se  of  tlie  in\estigations  in  Malaya  it  lias  been  encountered  upon 
only  two  trees,  both  of  which  were  at  Kuala  Lumpur,  though  sepa- 
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rated  by  about  20  miles.  The  host  in  each  case  was  A.  tvoglutni  only, 
and  in  each  instance  Cryptofjnatha  contributed  materially  to  its  con- 
trol. In  view  of  the  effectiveness  evidenced  under  tliese  circum- 
stances, the  species  was  considered  to  be  of  sutlicient  importance  to 
warrant  introduction  efforts,  as  the  limiting  factors  responsible  for 
its  rarity  in  Malaya  may  not  operate  in  Cuba  and  the  other  infested 
sections  of  the  New  World. 

In  the  spring  of  1931  a  small  number  of  adults  and  larvae  were 
observed  in  an  infestation  of  A.  spinifenis  at  Medan.  Sumatra. 

The  consignment  of  parasite  material  assembled  at  Kuala  Lumpur 
and  shipped  in  August,  1930.  included  about  100  adult  beetles  of  this 
species.  Owing  to  the  scarcity  of  host  material  of  the  very  early 
stages  available  in  the  consignment,  these  beetles  were  retained  in 
vials  and  fed  upon  sugar  solution  from  the  time  of  collection, 
throughout  July,  until  September  2,  at  which  time  38  were  still 
alive.  On  this  date  20  of  these  were  placed  in  one  of  the  cages  for 
rearing,  as  it  was  improljable  that  the  remaining  number  could  be 
retained  alive  in  the  vials  until  arrival  in  Cuba.  Oviposition  took 
place  quite  generally  en  route.  A  total  of  59  adult  beetles  emerged 
and  were  forwarded  from  New  York  to  Cuba  during  late  September 
and  early  October,  1980,  and  of  this  number  42  arrived  alive. 

Three  generations  were  produced  in  the  insectary  in  Cuba  from 
this  original  material  before  field  colonization  was  started.  The 
first  liberation,  comprising  227  larvae  in  various  stages  of  develop- 
ment, was  made  December  1,  1930,  on  a  group  of  well-infested  trees 
at  Santiago  cle  las  Vegas,  and  further  liberations  of  larvae  and 
adults  have  been  made  since  that  time.  In  the  original  colonization 
work  upon  this  species  it  was  thought  that  better  results  might  be 
obtained  through  the  liberation  of  larvae  than  of  adults,  thus  elim- 
inating considerable  rearing  work  in  the  insectary  and  permitting 
the  maintenance  there  of  a  much  smaller  stock  of  host  material. 
The  results,  however,  were  very  unsatisfactory,  as  the  greater  pro- 
portion of  the  larvae  failed  to  remain  on  the  foliage  upon  which 
they  were  placed,  while  others,  particularly  of  the  earlier  stages, 
were  carried  away  by  ants.  Definite  establishment  of  the  species 
was  secured  only  by  the  liberation  of  adult  beetles. 

The  species  is  now  well  established  in  several  localities  in  Cuba, 
and  distribution  is  being  extended  to  the  outlying  Provinces.  The 
development  of  the  early  field  colonies  indicates  that  under  certain 
conditions  this  predator  may  be  of  considerable  value,  though 
because  of  its  habits  no  reliance  can  be  placed  upon  it.  In  one  grove 
of  2,000  heavily  infested  orange  trees  near  Hoyo  Colorado  127  adults 
were  liberated  in  late  January  and  early  February,  1931.  The  in- 
crease thereafter  was  very  rapid,  and  by  August  the  grove  was 
considered  to  be  commercially  clean.  Erctmoco'us  seriiis  was  also 
present  in  this  grove,  though  in  such  small  numbers  as  to  contribute 
very  little  to  the  outcome.  The  overlapping  host  generations  ma- 
turing in  late  May,  June,  and  early  July  had  yielded  a  large  brood 
of  adults,  and  oviposition  by  them  was  very  extensive.  The  attack 
by  the  adults  and  larvae  of  Cryptognatha  upon  the  eggs  and  first- 
stage  larvae  was  so  thorough  that  very  few  lived  beyond  the  latter 
stage. 
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The  above  development  indicates  that  the  predator  is  able  to  over- 
come a  heavy  infestation  in  an  even  shorter  period  than  is  Eretmo- 
cerus.  In  other  frroves.  however,  a  comparable  result  was  not  se- 
(Hired  and  no  appreciable  reduction  in  host  runnbers  has  been  effected. 
What  is  apparently  a  weak  point  in  the  habits  of  this  predator  is 
its  almost  complete  disappearance  from  the  groves  when  the  host 
population  becomes  reduced.  In  the  grove  mentioned  hardly  a 
single  individual  of  any  stage  could  be  found  in  early  August.  Both 
in  ]Malaya  and  Cuba  it  has  been  noted  that  this  species  is  practically 
never  found  upon  trees  bearing  a  light  or  only  medium  infestation. 
Owing  to  this  fact  the  blackfiy  may  again  attain  a  destructive  status 
before  the  beetle  population  increases  to  the  recjuired  extent. 

The  exceedingly  voracious  habits  of  both  adults  and  larvae  give 
a  field  effect  much  greater  than  the  number  of  individuals  present 
upon  the  trees  would  lead  one  to  expect.  A  single  larva  is  able 
to  clear  a  heavily  infested  leaf  of  eggs  and  first-stage  larvae  in  a 
surprisingly  short  time.  It  is  estimated  that  a  beetle  population  of 
100  adults  upon  a  medium-sized  tree,  with  a  proportionate  number 
of  larvae  of  the  various  stages,  is  able  to  check  effectively  and 
quickly  a  heavy  infestation  in  the  egg  and  first  larval  stages. 

In  view  of  the  uncertain  habits  of  the  species,  Cryptognatha  may 
be  considered  as  an  aid  in  the  reduction  of  the  initial  heavy  blackfiy 
infestations,  but  can  not  be  a  satisfactory  substitute  for  Eretmocerus 
in  the  permanent  subjugation  of  the  pest. 

LIFE    HISTORY    AXD    HARITS 

The  egg  of  this  species  of  Cryptognatha  is  0.4  mm  in  length,  0.25 
mm  in  width,  approximately  equal  in  width  at  each  end,  and  with 
the  poles  smoothly  rounded.  It  is  translucent  white  in  color,  and 
the  surface  bears  a  delicate  incrustation  of  transparent  wax  which, 
shortly  after  the  deposition  of  the  egg,  assumes  a  pebbled  appearance. 

These  eggs  are  laid  singly  and  lie  horizontally  upon  the  leaf  in- 
stead of  standing  vertically  upon  the  posterior  pole.  They  are 
usually  placed  immediately  adjacent  to  well-developed  blackfiy 
larvae  or  in  the  crevice  between  larvae  that  lie  very  near  to  each 
other,  the  latter  being  the  favorite  position.  AVhere  all  stages  of 
the  blackfiy  are  present  they  ma}'  also  be  found  ui)on  leaves  bear- 
ing eggs  onjy.  In  a  number  of  cases  noted  the  eggs  have  been  found 
on  foliage  heavily  infested  with  red  spider  {Tetranychus  feJarius 
L.),  though  lacking  the  blackfiy,  and  often  amoug  or  beneath  the 
webs. 

The  first-stage  larvae  are  grayish  to  grayish  brown  in  color,  be- 
coming somewhat  more  brownish  in  tlie  later  stages,  which  also  have 
a  pronounced  median  dorsal  stripe  of  a  lighter  shade.  These  larvae 
are  excecMlingly  active  in  all  stages,  moving  frequently  from  leaf  to 
leaf,  and  may  wander  to  all  parts  of  the  tree  during  the  feeding 
jjeriod.  Wlien  full  grown  they  attain  a  length  of  4.5  mm.  The 
mature  lai'vae  (fig.  K'),  H)  often  feign  death  and  fall  from  the  tree 
when  (listurhvd,  a  habit  which  may  be  responsible  for  an  extensive 
loss  because  of  their  inability  to  reach  infested  foliage  again. 

The  pupa  is  yellowish  and  tinged  with  the  red  of  the  body  con- 
tents. Tlie  basal  half  of  the  al)donu'n  is  enveloped  by  the  cast  larval 
skin.     Under  field  conditions  in  Malaya  pui)ation  invariably  takes 
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place  in  the  soil  or  in  nibbisli  beneath  the  tree,  and  not  a  single  pupa 
was  ever  found  upon  the  tree  itself.  In  Cuba,  however,  the  pupae 
may  often  be  found  upon  the  leaves.  The  nornnil  pui)ation  habit 
may  be  considered  as  disadvantageous  in  comparison  with  leaf  pu- 
pation, in  that  a  much  greater  mortality  jH'obably  occurs  through 
the  blowing  away  and  decay  of  dead  leaves  and  rubbish  beneath 
the  tree,  from  burial  in  the  soil  by  heavy  rains,  and  through  the 
attack  of  ants  and  various  other  predators  living  on  or  beneath  the 
soil  surface. 

The  adult  beetle  (fig.  13,  A)  is  considerably  larger  than  most  of 
the  other  species  of  Coccinellidae  wliich  habitually  prey  upon  Aley- 
rodidae. 


it  being  2.0  mm  in  length. 


The  general  cok)r  is  black,  with 


Figure  13. — Coccluellid  pi(^dators  of  the  citrus  blackfly  :  A.  Criiptoi/iHitlia  sp.,  adult, 
X  10 ;  B,  mature  larva,  X  !•!;€,  Scuninus  smithiauun  adult,  X  1''^;  L»,  mature 
larva,    x    24 

a  large  red  spot  on  each  wing  cover  which,  in  outline,  corresponds 
to  that  of  the  wing  cover.  These  adults  are  found  largely  upon  the 
outer  foliage  of  infested  trees  and  feed  by  preference  upon  the  early 
stages  of  the  blackfly.  Like  the  larva,  the  beetle  itself  feigns  death 
when  disturbed. 

Under  normal  summer  conditions  the  life  cycle  of  Cryptognatha 
is  complete  in  18  to  20  days,  of  which  time  4  days  is  required  for 
incubation  of  the  egg,  10  to  12  days  for  the  larval  stage,  and  4  days 
from  pupation  to  the  emergence  of  the  adult. 

In  view  of  the  above  life  cycle  it  is  seen  that  two  full  generations 
can  develop  during  the  period  covered  by  a  single  generation  of  the 
fly.  For  that  reason  development  in  the  field,  where  the  blackfly 
itself  has  distinct  rather  than  overlapping  generations,  may  be  either 
upon  the  eggs  and  early  larval  stages  or  upon  the  late  larval  and 
pupal  stages.  Where  the  beetles  appear  at  the  time  of  fly  oviposition 
they  feed  extensively  upon  the  eggs  and  primary  larvae  and  oviposit 
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among  them.  The  increase  in  this  generation  is  usualh'^  greater  than 
in  the  following  one,  where  feeding  by  both  adults  and  larvae  is  upon 
the  more  mature  stages.  Under  the  latter  conditions,  however,  de- 
velopment is  somewhat  more  rapid  and  the  individuals  attain  a 
greater  size. 

SCYMNVS   SMITHIANUS    SiLVESTRI 
GENERAL 

The  coccinellid  Scymnnis  s-mitJu'anufi  was  first  found  on  a  small 
group  of  young  lime  trees  in  a  garden  at  Kaban  Djahe,  Sumatra 
(elevation  4,200  feet),  in  February,  1930,  and  not  a  single  specimen 
has  been  found  in  any  other  locality  since  that  time.  In  late  July 
65  adults  and  larvae,  all  that  could  be  found  upon  the  original  trees, 
were  collected  for  inclusion  in  the  August  shipment  to  Xorth  Amer- 
ica. In  view  of  the  great  scarcity  in  numbers  in  the  original  habitat, 
and  the  limited  distribution  of  the  species,  it  has  not  been  considered 
to  be  of  any  great  i)otential  value  against  the  blackfly  in  Xorth 
America,  but  Avas  included  in  the  shipment  largely  for  experimental 
purposes.  Upon  arrival  in  Xew  York  the  latter  part  of  September  the 
first  cage  generation  had  been  completed,  with  27  adults  present 
in  the  cages.  These  were  forwarded  to  Cuba,  and  insectary  rearing 
was  started.  The  insectary  conditions  jn-ovided  there,  which  had 
been  found  suitable  for  other  coccinellids  and  for  the  internal 
parasites,  were  apparently  not  well  ada])ted  for  this  species,  and  the 
stock  eventually  declined  in  numbers  during  the  following  month, 
without  oviposition,  until  only  a  single  female  remained.  This  lone 
female,  however,  proved  to  be  fertile,  and  from  this  beginning  the 
stock  was  built  up.  The  first  field  liberation,  comprising  10  adults, 
was  made  in  January,  1931,  and  during  the  following  six  months 
colonies  have  been  distributed  in  various  sections^  While  the  species 
is  now  probably  established  in  Cuba,  it  is  not  felt  that  it  will  be  of 
any  appreciable  value  in  the  control  of  the  blackfly.  This  is  due 
to  the  fact  that  its  general  habits  are  evidently  not  suited  to  the  con- 
ditions prevailing  in  Cuba  at  certain  seasons.  Development  and  in- 
crease in  the  field  were  satisfactory  during  the  late  winter  and  spring 
following  the  early  colonizations,  but  during  the  summer  period,  in 
wliich  the  blackfly  population  increases  very  rapidly,  reproduction 
largely  ceases.  This  predator  ai)parently  requires  somewhat  lower 
temperatures  and  a  minimum  of  rainfall,  and  this  is  the  condition 
which  existed  in  the  single  mountain  localit}'  in  Sumatra  in  which 
it  was  found. 

LIFE  HISTORY  AND   IIAIIITS 

The  eggs  are  normally  deposited  singly  among  clusters  of  the 
later  stages  of  the  blackfly,  usually  in  contact  with  one  or  more 
individuals.  Often,  however,  they  are  placed  within  empty  pupal 
cases  from  whi(;h  the  flies  have  emerged.  This  latter  oviposition 
Iial)it  is  known  to  be  constant  among  certain  other  coccinellid  s})ccies 
wliich  are  predacious  u])on  Aleyrodidae. 

The  larvae  in  all  stages  iwo  mai-kedly  conspicuous  and  can  be 
?-<'ndily  disfinirnished  from  other  species  attac-king  Alevi-odidae  in 
Cuba  and  Pniiaiiia  by  the  color,  as  each  body  segment  bears  dorsally 
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a  transverse  black  band  broken  medially  on  the  thorax,  upon  a 
white  background.  Fully  grown  individuals  (fig.  13,  D)  measure 
2.8  mm  in  length.  The  larva  throughout  its  life  is  very  inactive 
and  practically  never  moves  from  the  leaf  upon  which  the  egg  was 
laid.  Feeding  takes  place  largely  upon  the  late  larval  and  pupal 
stages  of  the  blackfly. 

The  pupa  is  largely  black,  with  the  basal  half  of  the  abdomen  en- 
veloped by  the  cast  larval  skin.  Pupation  occurs  in  situ  on  the  leaf, 
among  the  blackfly  clusters. 

The  adult  beetle  (fig.  13,  C)  is  black  in  color,  with  the  thorax  3'el- 
low,  and  measures  l.T  mm  in  length.  It  it  very  sluggish  and  is 
apparently  incaj)able  of  rapid  dispersion  in  the  field.  In  Sumatra 
the  colonies  were  usually  confined  to  limited  portions  of  the  tree, 
though  the  A.  citriperdus  infestation  was  general.  In  the  rearing 
work  in  Cuba  the  period  elapsing  from  emergence  of  the  adult  to 
oviposition  has  been  considerably  longer  than  is  the  case  with  Cryp- 
tognatha,  antl  the  rate  of  oviposition,  as  well  as  the  total  number  of 
eggs  laid,  has  been  nuich  lower. 

LTnder  insectary  conditions  the  period  of  development  from  eg<^  to 
adult  has  been  18  to  '21  days,  with  the  time  of  incubation  averaging 
6  days,  the  larval  stage  9  days,  and  from  pupation  to  emergence  of 
the  adult  4  to  5  days. 

In  its  native  habitat  in  Sumatra  this  species  is  heavily  attacked, 
in  both  the  larval  and  pupal  stages,  by  AmineUus  n.  sp.  near  niger 
Masi,  of  the  chalcidoid  family  Encyrtidae. 

SCTMNUS    SP.    NEAR    PALLIDICOLLIS    MULSANT 

Among  the  various  coccinellids  found  attacking  Aleurocanthus  in 
tropical  Asia,  this  species  of  Scymnus  is  the  only  one  of  general  dis- 
tribution, and  is  found  in  practically  every  infestation  of  the  above 
genus.  Its  degree  of  attack  varies  greatly  Avith  the  fl}'  species  pres- 
ent, a  great  preference  being  shown  for  A.  cifriperchis,  followed  by 
A.  sphiffenis,  while  only  occasional  individuals  have  been  noted  to 
prey  upon  A.  ivoglumL 

The  greatest  numerical  abundance  of  this  species  under  field  con- 
ditions was  noted  in  the  heavy  infestation  of  A.  sphuferus  at  ]Medan, 
Sumatra,  where'  several  larvae  and  pupae  could  usually  be  found 
upon  practically  every  infested  leaf.  In  spite  of  these  numbers,  how- 
ever, it  appeared  to  effect  little  appreciable  diminution  in  the  fly 
population  on  the  trees,  the  latter  being  maintained  at  nearly  the 
maximum  level  until  decimated  by  fungous  disease  during  the  rainy 
season. 

•  Several  efforts  have  been  made  to  import  this  predator  into  Cuba, 
though  with  negative  results  each  time.  Bo'h  adults  and  larvae  have 
been  confined  in  Wardian  cages  Avith  an  ample  supply  of  A.  moghunl 
in  all  stages  for  feeding  en  route,  but  in  no  instance  did  reproduction 
occur. 

LIFE    HISTORY    AND    HABITS 

Both  the  larvae  and  adults  of  this  Scymnus  feed  upon  all  of  the 
immature  stages  of  Aleurocanthus,  though  the  beetles  confine  them- 
selves largely  to  the  early  larval  stages. 
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The  eog  is  pale  lemon,  0.5  mm  in  length,  0.2T  mm  in  width,  with 
both  ends  smoothly  rounded,  and  the  surface  bearing  small,  raised 
dots  widely  separated.  Oviposition  always  takes  place  in  the  im- 
mediate vicinity  or  among  the  fly  clusters,  and  the  eggs  may  be  found 
either  among  nnmature  larvae,  on  the  leaf  surface  adjoining  the 
mature  larvae  or  jDupae,  directly  upon  the  body  of  the  larva  or  pupa 
in  the  depression  Avithin  the  lateral  row  of  spines,  or  centrally  upon 
the  dorsum  beneath  the  cast  skin.  Occasional  instances  have  been 
noted  in  Avhich  the  egg  was  laid  Avithin  the  empty  pupal  shell.  Where 
oviposition  occurs  in  a  colony  of  nearly  full-grown  Aleurocanthus 
the  more  normal  position  of  the  egg  is  directly  upon  the  body. 

The  larva  in  all  stages  is  lemon  yellow  to  Avhite,  the  final  stage 
being  nearly  ])ure  white.  The  dorsum  of  the  body  is  clothed  Avith 
numerous  long  hairs.  Where  feeding  takes  place  upon  eggs  or  young 
larvae  they  may  be  entirely  consumed,  but  the  more  general  feeding 
habit  is  upon  the  mature  larvae  and  pupae,  in  Avhich  case  a  puncture 
is  made  in  the  body  Avail  and  the  fluids  are  sucked  out.  It  is  conse- 
quently impossible  to  distinguish  the  indiAacluals  which  haA'e  thus 
been  killed  from  others  which  have  died  from  other  causes.  In  the 
course  of  feeding  upon  the  later  stages  the  cast  skin  of  the  prey, 
which  rests  dorsally  upon  the  body  of  the  succeeding  stage,  is  dis- 
turbed and  becomes  entangled  in  the  long  dorsal  body  hairs  of  the 
predator.  In  this  Avay  the  larA^a  may  accumulate  a  considerable  mass 
of  these  cast  skins  upon  its  body,  thus  forming  a  loose  and  irregular 
dorsal  shield.  This,  hoAve\^er,  has  no  protective  function,  such  as 
has  been  attributed  to  the  pad  carried  by  the  larvae  of  some  of  the 
laceAving  flies. 

The  larva  is  inactive  throughout  its  period  of  dcA'elopment  and 
A^ery  seldom  moA'es  from  the  leaf  upon  Avhich  the  egg  Avas  laid.  In 
view  of  the  size  of  the  body  in  relation  to  that  of  the  mature 
Aleurocanthus,  an  aA^erage  cluster  of  the  latter  is  adequate  for 
feeding  during  the  entire  stage,  and  there  is  thus  little  incentiA-e  to 
movement. 

Pupation  takes  place  in  situ  upon  the  leaf  at  the  point  where  feed- 
ing ceases.  The  cast  larval  skin,  Avith  its  collection  of  blackfly 
exuA^ae.  largely  coA'ers  tlie  dorsum  of  the  pupa. 

The  life  cycle  from  egg  to  adult  is  complete  in  18  to  21  days. 
Incubation  of  the  egg  requires  5  daj^s  under  climatic  conditions 
having  a  temperature  range  from  75°  to  90°  F.  The  larva  pupates 
8  to  10  days  aftci-  hatching,  and  5  to  6  days  elapse  before  tlie  emer- 
gence of  the  adult. 

SCYMNUS    SP. 

Sci/mtnis  s]).  is  of  general  distribution  throughout  the  ]Malayan 
region  and  is,  in  both  the  adult  and  larval  stages,  a  general  feeder 
upon  various  diaspine  Coccidae  and  Aleyrodidae.  It  is  often  found 
U])on  trees  infested  Avith  Alniroeanthu.s  citi'ipcrdiis,  s/i/'nlfo-us.  and 
v'0[/Iu//h\  but  is  considered  to  be  only  an  occasional  predator  upon 
these,  rather  than  being  restricted  to  them,  as  are  the  other 
cocci nell id  species  discussed  herein. 

Tlie  adult  beetles  are  A'ory  simihii'  in  genei'al  a])|)('aran('o  to  those 
of  Sci/mnm  sp.  near  jxinidicolUs,  but  may  be  distinguislied  from 
them  by  the  lack  of  the  lighter-colored  anterior  margin  of  the  elytra. 
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lepidoptera 

Cryptoblakes  gnidiella  Milli£re 

The  pyralicl  predator  Cryptohldhes  gnidieUa  has  been  found  as 
an  enemy  of  the  bhickfl}^  in  onl}?^  two  instances.  The  first  was  in 
March,  1931,  in  a  grove  of  young  citrus  trees  near  Muar,  Johore, 
in  which  a  number  of  the  trees  were  heavily  infested  with  A. 
loogluml.  The  larva,  which  is  purplish  in  color,  forms  a  light  web 
over  the  undersides  of  heavilv  infested  leaves,  and  beneath  this  web 
it  moves  about  among  the  masses  of  blackliy  larvae  and  pupae. 
Pupation  occurs  in  situ  in  a  fold  or  depression  in  the  leaf.  On  a 
few  trees  these  larvae  and  pupae  could  be  found  on  practically  every 
infested  leaf.  The  second  collection  locality  for  this  species  was  at 
Medan,  Sumatra,  upon  xl.  citriperdus^  though  the  number  observed- 
was  very  small. 

Laboratory  experiments  established  the  fact  that  the  larvae  feed 
upon  the  living  blacktly  in  the  late  larval  and  ])upal  stages.  From 
field  observations,  however,  it  would  appear  that  the  species  is, 
to  an  uncertain  extent,  a  scavenger  rather  than  a  predator.  In 
several  instances  young  larvae  were  found  to  be  active  and  able 
to  attain  maturity  in  colonies  from  which  adult  emergence  had  been 
completed  some  time  previoush^ 

An  examination  of  the  literature  relating  to  G .  gnidiella  shows 
that  it  attacks  cotton  and  a  variety  of  other  plants  in  Egypt  and 
grapevines  in  southern  Europe,  and  it  is  listed  as  a  citrus  pest  in 
Spain.  Dudgeon  (4),  however,  mentions  it  as  being  possibly  an 
enemy  of  the  bollworm  Ear'ms  insulana  Boisd.  in  P^gypt,  while 
C.  prolucella  Hamp.  is  on  record  as  feeding  upon  Coccus  vlrklis 
(Green)  in  Ceylon. 

DIPTERA 

ACLETOXENUS    INDICA    MalLOCH 
GENERAL 

The  predacious  di'osophilid  Acleto.renus  Indica,  originally  described 
from  southern  India,  is  of  fairly  common  occurrence  in  infestations 
of  Aleurocanthus  and  various  other  aleyrodid  genera  in  Java.  It 
was  found  most  abundantly  at  Bandoeng  attac-king  Aleurocanthus 
citn'perdus  and,  to  a  lesser  extent,  A.  woglwmi  also.  Where  both 
species  occurred  upon  the  same  tree  the  greater  proportion  of  Acle- 
toxenus  eggs  and  larvae  were  always  to  be  found  among  the  citri- 
perdus  clusters. 

In  Malaya  and  Ceylon  occasional  empty  puparia,  identical  in  form 
and  appearance  with  that  of  this  species,  have  been  noted  in  colonies 
of  several  genera  of  Aleyrodidae,  but  no  adults  could  be  secured  for 
determination.  Likewise,  a  few  empty  puparia  of  similar  appearance 
have  been  seen  among  several  aleyrodid  clusters  upon  jungle  plants 
in  Cuba. 

At  Bandoeng,  Java,  Acletoxenus  indica  is  the  dominant  predator 
upon  Aleurocanthus,  though  it  is  of  little  importance  from  the  stand- 
point of  control.  In  other  localities  the  number  found  upon  infested 
trees  was  very  small. 

Under  field  conditions  in  Java  A.  indica  is  heavily  parasitized  by 
a  species  of  Myiocnema.    The  egir  of  this  euloDhid  must  be  laid  either 
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in  the  host  egg  or  young  larva,  though  the  adults  emerge  from  the 
puparia,  as  isolated  larvae  have  often  yielded  the  parasite.  From 
220  eggs,  larvae,  and  puparia  collected  at  Bandoeng  in  April,  1931, 
68  per  cent  3'ielded  ]\Iyiocnema  instead  of  tlie  fly.  The  exposed 
position  of  the  egg,  if  this  is  attacked,  and  the  very  sluggish  habits 
of  the  larva,  render  the  species  particularly  susceptible  to  parasite 
attack. 

Tw(j  attempts  have  been  made  to  effect  the  importation  of  Acle- 
toxenus  into  Cuba,  but  both  ha^e  failed.  The  confined  quarters  pro- 
vided in  the  Wardian  cages,  as  -well  as  the  reduced  light  therein,  ap- 
parently were  unsuited  to  the  habits  of  the  adult  flies  and  practically 
no  ovi position  occurred.  The  first  shipment  was  upon  croton  plants 
heavily  infested  with  a  species  of  Dialeurodes  and  the  second  upon 
citrus  bearing  an  ample  supply  of  blackfly.  Examination  of  both 
shipments  upon  arrival  showed  no  living  flies  in  any  stage  and  only 
an  occasional  empty  puparium.  In  the  last  shipment  50  larvae  in 
various  stages  of  development,  in  addition  to  15  adult  flies,  were 
placed  in  the  cage  at  the  time  of  shipment,  but  so  far  as  could  be 
determined  by  examination  of  the  infested  plants  en  route,  not  a 
single  egg  was  laid. 


LIFE   HISTORY   AND    HABITS 


The  esg  of  Adetoxenus  indica  is  0.4  mm  in  length  and  0.2  mm  in 
maximum  Aviclth  at  the  posterior  pole,  and  tapering  somewhat  to- 
ward the  anterior  end.  The  surface  is  covered  with  a  white  waxy 
incrustation  which  is  somewhat  roughened  with  irregiilar  and  at 
times  indistinct  reticulate  markings.  Oviposition  occurs  during 
midday,  and  the  eggs  are  placed  singly  upon  the  leaf  surface  adja- 
cent to  a  late-stage  larva  or  pupa.  It  lies  horizontally  and  adheres 
firmly  to  the  leaf. 

The  larva  in  its  early  stages  is  translucent  white,  but  later  takes  on 
a  distinct  greenish  hue  due  to  the  body  contents  being  visible  through 
the  transparent  integument.  Feeding  occurs  largely  upon  mature 
larvae  and  pupae.  The  larva  is  quite  inactive  and  ncA^er  moves  from 
the  leaf  ui)on  which  the  egg  was  laid.  Such  movement  is  unneces- 
sary in  view  of  the  fact  that  a  single  cluster  of  average  size  ])r()vides 
sufficient  food  material  to  bring  the  larva  to  maturity.  Pupation 
occurs  in  situ  upon  the  under  surface  of  the  leaf. 

The  larvae  of  this  predator  apjiarently  secrete  over  the  body  a 
fluid  substance  of  a  decidedly  mucilaginous  character,  and  in  the 
later  stages  this  serves  to  attach  particles  of  extraneous  matter  to 
the  body,  particularly  on  the  dorsum.  Many  mature  larvae  carry 
a  large  nuuibor  of  Alourocantlius  eggshells  in  this  way,  and  these 
may  also  l)e  found  uj>on  (he  ])ui)arium. 

The  pupariuui  is  2.8  mm  in  length  and  of  the  form  shown  in 
Figure  14,  B.  Its  ventral  surface  is  flat  nnd  adheres  strongly  to  the 
leaf  surface.  During  the  early  ]>orti()n  of  the  ])U]ial  ])eriod  the 
greenish  color  of  the  body  contents  shows  distinctly  through  tlic 
semitransparent  integument,  and  later  the  large  eyes  of  the  develop- 
ing i)U])a,  which  are  deep  red,  may  be  distinctly  seen.  Emergence 
is  effected  by  the  bi'eak'ing  away  of  the  distinct  lid  at  th(^  aiitiM-ior 
end.     'J'he  empty  j)Uj)ariuui  is  white. 
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The  adult  fly  (fig.  14,  A)  is  conspicuous  upon  tlic  foliage  because 
of  its  black,  yellow,  and  white  markings.  The  general  habits  of  this 
species  correspond  to  those  of  other  species  of  the  family. 

The  duration  of  the  life  cycle  has  not  been  definitely  ascertained, 
but  eggs  collected  in  the  field  have  yielded  adult  flies  in  approxi- 
mately two  weeks. 

ACLETOXENUS   SP. 

A  second  species  of  Acletoxenus  was  found  only  in  very  small 
numbers  in  an  infestation  of  Aleurocantku^  citriperdus  and  ivog- 
lumi  at  Kaban  Djahe,  Sumatra,  while  empt}^  puparia  of  what  was 
presumed  to  be  the  same  species  were  occasionally  noted  at  Medan. 

The  Q,gg  and  larval  stages,  as  well  as  the  general  habits  of  the 
species,  are  identical  with  those  given  for  Acletoxenus  hidica  from 
Java. 


B 


Figure  14. — Acletoxenus  indica:  A,  Adult  fomalp,    X    24  ;  B,  dorsal  and  lateral  views 

of  the  puparium,   X    16 

NEUROPTERA 


Chrysopa  SP. 

While  this  clirysopid  is  a  general  predator  upon  many  insects  in 
addition  to  Aleui'ocanthus  looglumu  it  is  invariably  found  in  all  in- 
festations of  Aleurocanthus  in  the  Malayan  region.  It  is  of  little  or 
no  appreciable  value  in  controlling  the  infestations  of  blackfly,  yet 
because  of  its  general  occurrence  it  ranks  first  among  the  predators 
of  A.  %ooglmiii  in  Malaya. 

The  larva  carries  upon  its  body  a  considerable  mass  of  miscel- 
laneous material,  the  greater  proportion  of  which,  in  blackfly  in- 
festations, consists  of  the  cast  larval  skins  of  its  prey. 

NATIVE  PREDATORS  IN  CUBA,   PANAMA,   AND  JAMAICA 

The  original  blackfly  stock  from  which  the  infestations  in  tropi- 
cal countries  of  America  originated  was  apparently  entirely  free 
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from  natural  enemies  of  an}'  kind,  as  no  parasites  or  predators  native 
to  tropical  Asia  have  been  found  in  any  of  the  American  infesta- 
tions. In  all  of  these  sections,  however,  a  number  of  local  predators 
have  become  adapted  to  it. 

The  predators  thus  far  listed  in  Cuba  comprise  the  coccinellids 
DeJphasttbs  picsUlus  Lee,  D.  pallidics  Lee,  Scymnus  ochroderus 
Muls.,  >5'.  hahainicus  Casey,  and  Botynella  quinquepunctata  Weise, 
and  the  lacewing  fly  Clwysopa  sp.  Of  the  above  series  of  Coccinel- 
lidae  the  two  species  of  Delphastus,  in  both  the  larval  and  the  adult 
stages,  are  normal  predators  of  Aleyrodidae  and  attack  largely 
the  early  stages  of  the  prey.  At  times  these  species  become  quite 
abundant  in  the  field.  The  adults  of  Botynella  quinque punctata 
feed  likewise  upon  the  younger  stages  of  the  blackfly,  while  the 
larvae  confine  themselves  largely  to  the  diaspine  scales.  The  adults 
of  Scymnus  ochroderu^s  and  ;S'.  hahmnicus  likewise  attack  the  early 
stages,  but  the  larval  feeding  habit  is  as  jQt  unknown. 

The  lacewing  fly  Glirysopa  sp.  is  found  in  practically  all  infesta- 
tions, but  is  never  abundant. 

In  Panama  the  predators  listed  by  Dietz  and  Zetek  (5)  are 
Hypcrasp'is  ccdderana  Gorh.,  II.  alhicolVis  Gorh.,  Scymnus  thora- 
cicus  For.,  S.  horni  Gorh.,  S.  coloratus  Gorh.,  >S'.  adspersulus  Gorh., 
and  Cryptognatha  jlaviceps  Crotch.  The  last-named  species  is  said 
to  be  the  most  abundant,  but  none  is  of  any  appreciable  value  in  con- 
trolling the  pest.  During  the  senior  writer's  visit  to  Panama  in 
December,  1930,  and  January,  1931,  the  various  species  of  Scymnus 
were  noted  to  be  exceedingly  abundant  on  a  group  of  heavily  in- 
fested orange  trees,  their  number  greatly  exceeding  that  recorded 
in  any  locality  in  Cuba.  These  trees  had  been  sprayed  a  short  time 
previously,  though  rather  ineffectively,  yet  in  relative  numbers 
the  blackfly  had  apparently  suffered  to  a  much  greater  extent  than 
the  predatoi-s. 

In  Jamaica  Gowde}^  (7)  records  the  two  coccinellids  Scyvinns 
aeneus  Sic.  and  S.  cyancscens  Sic.  as  attacking  the  blackfly.  He 
also  expresses  the  opinion  (6")  that  the  fly  is  to  some  extent  con- 
trolled by  ant  enemies. 

FUNGOUS  DISEASES 

In  all  of  the  sections  of  the  Far  East  in  which  investigations  have 
been  made  there  has  been  revealed  a  marked  lack  of  effectiveness 
among  the  fungous  enemies  of  Aleurocanthus  looghiml.  Two  of 
these,  of  the  genera  Aschersonia  and  Aegerita,  occur  in  INIalaya,  but 
are  exceptionally  rare  on  this  host.  X  single  lightly  infested  tree 
near  Kuala  Lum})ur  at  one  time  showed  approximately  10  per  cent 
mortality  tlirough  the  attack  of  Aegerita,  but  in  all  other  infesta- 
tions only  occasional  diseased  individuals  could  be  found.  In  the 
three  groves  in  Malaya  where  one  or  more  trees  bore  what  might 
be  termed  heavy  infestations  of  the  blackfly,  no  evidence  whatever 
of  fungous  attack  could  be  found.  This  condition  is  attributed  to 
an  evident  resistance  of  A.  woglumi  in  Malaya  to  sucli  attack. 
Fungous  diseases  of  insects  are,  in  general,  very  abundant  in  all 
tropical  localities,  and  a  wry  liigli  mortality  is  effected  among 
various  C^occidae,  partitiilarly  in  tlie  genera  Clirysomphalus,  Parla- 
toria,  Lepidosaphes,  Puhinaria.  and   Coccus,  through  this  agency. 
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The  variation  in  dogroe  of  resistance  to  fungous  attack  by  differ- 
ent species  of  the  same  genus,  and  upon  the  same  host  plant,  is 
strikingly  shown  in  Aleurocanthus,  and  is  responsible,  under  field 
conditions,  for  a  marked  difference  in  the  seasonal  development. 
A.  iDoglumi  is  very  largely  unaffected  by  fungous  diseases  and  in- 
creases to  the  maxinuuu  extent  during  periods  of  heavy  rains  and 
high  humidity,  and  declines  numerically  during  the  occasional  periods 
of  relatively  dry  weather.  As  opposed  to  this,  A.  eltriperdus,  in  the 
same  localities,  experiences  an  exceedingly  heavy  fungous  attack 
during  the  wet  periods,  often  resulting  in  virtual  extinction,  and 
numerical  increase  occurs  only  during  the  occasional  dry  periods, 
at  which  time  the  fungous  becomes  largely  inactive.  This  latter 
cycle  also  prevails  in  the  case  of  the  heavy  infestations  of  A.  splnif- 
erus  in  Sumatra,  where  a  distinct  dry  season  occurs. 

In  view  of  the  relative  scarcity  of  fungous  diseases  attacking  the 
black  fly  in  Malaya,  and  their  marked  ineffectiveness,  the  condition 
in  the  New  World  oifers  an  unexpected  contrast.  In  Panama  Dietz 
and  Zetek  {3)  record  Asehersonia  spp.  and  Aegerita  ivehheri  Fawcett 
as  the  species  present ;  Bruner  (2)  gives  Asehersonia  aleyrodis  Web- 
ber, A.  turVinata  B.,  and  Aegerita  loelfberi  Fawcett  for  Cuba;  and 
Gowdey  (7,  S)  lists  Asehersonia  goldiana  Sacc.  and  Ell.,  Aegerita 
wehheri  Fawcett,  Fodoneetria  coecieola  Fetch.,  and  Sphaerostilbe 
aurantiicola  B.  and  Br.  as  attacking  the  species  in  Jamaica.  Several 
of  these  species  normally  attack  various  species  of  Coccidae,  and 
their  occurrence  upon  Aleyrodidae  may  be  considered  as  doubtful. 

In  these  sections  the  fungous  diseases  are  present  to  a  varying 
extent,  usually  being  quite  common  and  at  times  sufficiently  abundant 
to  exert  an  appreciable  check  upon  the  increase  of  the  fly.  Heavily 
infested  leaves  may  be  seen  upon  which  practically  every  individual 
has  been  killed  by  the  fungus,  this  occurring  more  frec{uently  from 
attack  by  Asehersonia  aleyrodis.  These  are  only  occasional  and 
isolated  manifestations,  however,  and  the  aggregate  general  effect  of 
these  diseases  is  not  nearly  sufficient  to  oflset  the  normal  rapid  in- 
crease of  the  host  during  the  rainy  season. 

The  much  greater  prevalence  of  these  fungous  diseases  in  the 
New  World,  as  contrasted  with  the  condition  in  the  Malayan  region, 
and  their  markedly  greater  effectiveness  at  all  times,  is  in  direct 
opposition  to  what  might  be  expected  from  a  comparison  of  the 
meteorological  data  for  the  respective  regions.  It  would  be  expected 
that  Malaya,  with  its  constant  high  temperature  throughout  the  year, 
a  high  percentage  of  humidity  at  all  times,  and  a  heavy  and  fairly 
evenly  distributed  rainfall,  would  present  the  optimum  condition  for 
the  development  of  these  fungous  diseases  to  the  maximum  extent. 
The  extent  to  which  they  do  appear,  however,  is  far  less,  than, 
for  instance,  in  Cuba,  where  summer  rainfall  and  humidity  approxi- 
mateh^  equal  the  minimum  figures  for  Mala}' a,  and  where  the  winter 
is  markedly  dry. 

METHODS  OF  REARING,  SHIPMENT,  AND  COLONIZATION 

PREPARATION   OF  SHIPMENTS 

In  the  early  plans  for  the  forwarding  of  parasitized  blackfly 
material  from  the  Far  East  to  Cuba  it  was  felt  necessary  to  utilize 
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noncitrus  host  plants  entirely,  due  'to  the  fact  that  practically  all 
nursery  stock  and  field  trees  in  the  former  region  are  infested  with 
canker,  and  the  risk  of  its  introduction  into  Cuba  could  not  be  taken. 
The  occurrence  of  a  wide  range  of  host  plants  in  Cuba  and  Panama, 
several  of  which  were  much  favored  by  the  fl}',  appeared  to  render 
this  procedure  entirely  practicable.  Principal  among  these  hosts  are 
mango  and  coffee,  both  of  which  have  a  luxurious  foliage  which  does 
not  drop  readily  under  adverse  conditions,  a  requirement  quite  essen- 
tial because  of  the  long  period  of  shipment. 

In  Malaj^a  the  blackfly  does  not  occur  normally  upon  these  trees  in 
the  field,  and  their  suitability  under  cage  conditions  was  therefore 
not  certain.  Seedlings  of  both  of  these  plants,  as  well  as  of  several 
others  which  might  prove  suitable,  were  infested  with  the  fly  to  test 
their  adaptability.  When  these  were  suspended  in  infested  trees  in 
the  field,  upon  which  adult  flies  were  present  in  abundance,  it  was 
found  that  not  a  single  egcr  spiral  was  placed  upon  them,  and  like- 
wise very  little  oviposition  occurred  under  cage  conditions.  It  soon 
became  evident  that  forced  oviposition  would  be  necessary  to  secure 
an  adequate  infestation,  and  this  was  finally  effected  by  confining 
adult  flies  in  transparent  cellulose-paper  bags  upon  the  individual 
leaves.  These  were  held  in  a  liorizontal  jwsition,  under  a  rather  dim 
light,  so  that  the  flies  -assembled  upon  the  undersides  of  the  leaves 
rather  than  on  the  sides  of  the  bag  itself. 

With  the  random  collection  of  blackfly  adults  it  was  found  that 
only  10  per  cent  production  of  egg  spirals  could  be  secured  in  this 
way.  The  maximum  number  of  flies  available  for  this  work  approxi- 
mated only  2,000  per  day,  so  that  the  egg  total  secured  during  the 
month  in  which  they  were  available  was  not  sufficient  for  the  infesta- 
tion of  the  number  of  plants  at  hand.  Up  to  this  time  all  females 
found  upon  the  foliage  were  collected  each  day,  and  later  at  2-day 
intervals;  consequently  a  varying  proportion  were  not  yet  ready  for 
oviposition.  Upon  transfer  to  mango  or  coffee  foliage  the  younger 
individuals  did  not  adapt  themselves  to  the  new  food  plant  and 
usuall}^  died  without  oviposition.  A  closer  study  of  the  habits  of  the 
fly  in  the  field  showed  that  mating  and  feeding  take  place  almost 
exclusively  upon  the  young,  fresh  leaves  and  that  the  gravid  females 
then  descend  to  the  more  mature  foliage  for  oviposition.  In  conse- 
quence of  this  habit  the  later  collections  were  restricted  entirely  to 
the  adults  upon  the  older  foliage.  Collections  made  in  this  way 
yielded  50  to  60  per  cent  of  egg  spirals,  as  compared  with  the  10  per 
cent  previously  mentioned. 

Tliose  plants  already  infested  were  kept  upon  tables  in  the  shade 
of  coco-palm  trees  outside  the  insectary  to  await  hatching  and  the 
attainment  of  the  proper  stage  for  parasite  attack.  Parasitization 
was  secured  through  the  liberation  of  rather  large  numbers  of  adult 
Eretmocerus,  with  smaller  numbers  of  Prospaltella,  directly  upon  the 
plants  in  the  oi)en.  Tliis  was  also  aided  by  tlio  attack  of  the  same 
jiarasite  species  emerging  from  Aleurocunthus  present  upon  coco- 
palm  and  other  trees  in  the  immediate  vicinity. 

The  host  plants  infested  at  this  time  showed  a  great  individual 
variation  in  their  suitability  for  blackfly  develoimient.  Upoii  tlic 
great  lUMJoi-ity  of  coffee  seedlings  liardly  a  single  individual  devel- 
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oped  from  the  hundreds  of  egg  spirals  present  upon  each  plant.  The 
mortalit}^  occurred  very  largely  in  the  first  larv^al  stage.  Occasional 
plants  yielded  fairly  gootl  infestations,  but  these  were  too  few  to 
be  of  any  value  for  shipment.  About  two-thirds  of  the  mango  seed- 
lings carried  a  sufficient  number  of  developing  larvae  to  justify  their 
being  forwarded,  though  all  were  found  to  be  only  lightly  infested 
upon  arrival  in  Cuba.  It  was  quite  full}^  demonstrated  that  these 
two  host  plants  aie  considerably  resistant  to  the  blackfly  in  Malaya, 
and  oviposition  upon  them  can  be  secured  only  under  forcing  condi- 
tions. In  contrast,  blackfly  stock  from  Cuba  and  Panama  oviposit 
and  develop  readily  upon  these  plants  in  the  open. 

In  preparations  for  the  second  shipment  from  Malaya  the  avail- 
able blackfly  material  was  restricted  to  the  infestation  upon  a  single 
small  tree.  This  Avas  due  to  the  complete  annihilation  by  Eretmo- 
cerus  of  the  infestation  which  had  been  previously  used.  The  num- 
ber of  adults  available  from  this  one  tree  was  not  sufficient  to  secure 
the  required  infestation  upon  mango  by  the  methods  previously  em- 
ployed. As  a  consequence,  native  citrus  seedlings  were  utilized  as 
a  last  resort.  These  were  known  to  be  infested  with  citrus  canker, 
but  it  w^as  thought  that  some  method  of  handling  upon  arrival  could 
be  devised  to  eliminate  any  danger  of  the  disease  becoming  estab- 
lished. However,  upon  the  arrival  of  this  shipment  at  New  York 
in  September,  1930,  it  was  decided  that  there  was  too  grave  a  risk 
of  the  introduction  of  canker  to  permit  the  further  forwarding  of 
the  stock  under  any  conditions.  It  was  consequently  held  in  an  office 
building  in  that  city,  and  only  the  adult  natural  enemies  were  shipped 
to  Cuba.  It  had  been  hoped  that  this  could  be  successfully  accom- 
plished by  air  mail,  but  this  effort  resulted  negatively,  and  only  the 
two  coccinellid  species  contained  in  the  consignment  arrived  alive. 

Several  varieties  of  citrus  were  utilized  in  this  shipment,  includ- 
ing lemon,  lime,  Chinese  orange,  and  pummelo.  The  young  foliage 
of  lemon  cuttings  proved  to  be  by  far  the  most  attractive  to  the  flies, 
with  pummelo  ranking  second.  It  was  later  discovered  that  the 
lemon  foliage  drops  very  readily  when  heavily  infested,  while  a 
number  of  the  plants  died  through  overinfestation,  and  this  plant 
is  consequently  not  so  suitable  for  shipping  purposes  as  are  orange 
and  pummelo. 

In  infesting  these  plants  it  was  not  necessary  to  employ  the  meth- 
ods previously  used  with  mango  and  coffee.  Instead,  they  were 
placed  in  a  series  of  racks  in  a  frame  erected  about  the  infested  tree, 
as  shown  in  Figure  15.  The  young  plants  were  growing  vigorously 
while  the  infested  tree  was  somewhat  withered  because  of  the  dry 
weather  prevailing  at  this  time.  As  a  result  of  this  better  physical 
condition,  and  the  presence  of  young,  fresh  foliage,  approximately 
80  per  cent  of  the  total  ovipositions  by  this  brood  of  flies  was  upon 
the  potted  plants  rather  than  upon  the  tree  itself. 

The  infested  seedlings  were  allowed  to  remain  upon  the  racks  or 
beneath  the  tree  until  the  second  larval  stage  was  attained.  This 
permitted  normal  attack  by  those  parasite  species  present  ujxtn 
the  tree. 

The  scarcity  of  host  material  in  Malaya,  in  conjunction  with  the 
unsatisfactory  results  attained  with  noncitrus  food  plants  in  that 
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region,  led  to  a  change  in  the  entire  procedure  in  preparation  for 
the  third  and  final  sldpment.  The  use  of  Malayan  blackfly  stock 
and  plants  was  abandoned  and,  instead,  the  entire  lot  of  infested 
plants  was  taken  from  Cuba  and  Panama  to  Singapore,  parasitized 
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t'lOfBE  15. — Infesting  cilnis  .•■ei'illings  in  the  fleld  in  Ma- 
laya. The  young  plants  are  in  bamboo  cylinders  ar- 
ranged   upon    a    temporary    framework    about    a    heavily 

infested   tree 

there,  and  imiiKMliiitcly  bioughl  back  to  Cubn.  This  involved  a  trip 
of  five  and  onc-haH'  months,  of  whic-Ii  time  two  months  were  spent 
in  the  collection  of  parasites  and  ])redators  in  Malaya,  Java,  and 
Sumatra,  and  the  remainder  was  taken  up  in  transit.  This  method 
very  largely  enminaled  any  risk  fiom  citrus  canker,  as  the  cases  were 
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kept  closed  during  the  stay  in  Malaya  and  only  adult  parasites  and 
predators  were  placed  in  tliem.  As  an  added  precaution  a  thorough 
inspection  for  caidvcr  was  made  upon  return  to  Habana. 

The  food  plants  used  in  this  shipment  were  orange  seedlings  from 
Cuba,  and  mango,  coffee,  and  Ardisia  from  the  Canal  Zone.  A 
heavy  infestation  of  blackfly  w^as  secured  ui)on  citrus  by  covering 
the  entire  lot  with  a  light  muslin  cloth  and  liberating  large  numbers 
of  blackflies  beneath  it.  This  infestation  was  later  increased,  and 
an  overlapping  of  generations  secured,  by  the  direct  liberation  of 
additional  quantities  in  the  cases.  At  Balboa,  Canal  Zone,  the  infes- 
tation upon  the  noncitrus  plants  was  secured  by  placing  a  mass  of 
heavily  infested  foliage,  from  which  adults  were  emerging,  among 
the  plants.  These  readily  transferred  from  the  w^ithering  foliage 
to  the  more  fresh  leaves  of  the  plants  provided.  The  ease  with 
which  this  was  accomplished  was  in  marked  contrast  to  the  difficulty 
experienced  with  the  same  kinds  of  plants  in  Malaya. 

Development  upon  citrus  en  route  was  excellent,  and  a  heavy  infes- 
tation was  maintained  until  the  return  to  Cuba.  The  coffee  and 
Ardisia  which  had  been  infested  at  Balboa  proved  unsatisfactory 
and  were  destroyed  before  arrival  at  Singapore,  while  development 
upon  mango  was  not  nearly  so  good  as  upon  citrus.  The  large 
number  of  blackflies  which  'developed  upon  the  latter  plants  gave 
rise  to  a  heavy  production  of  honeydew,  with  the  resultant  growth 
of  much  sooty-mold  fungus  upon  the  foliage.  It  was  found  that  the 
periodic  washing  of  the  leaves  to  remove  this  deposit  enabled  the 
plants  to  carry  a  much  heavier  infestation  without  injury  than  was 
otherwise  possible. 

The  physical  condition  of  the  plants  upon  return  to  Habana  was 
quite  good,  in  view  of  their  having  been  in  the  Wardian  cases  con- 
tinuously for  nearly  six  months  and  subjected  to  considerable  hand- 
ling and  various  adverse  conditions.  Considerable  new  foliage  was 
developing  at  this  time,  upon  which  extensive  oviposition  by  the 
blackfly  was  taking  place. 

In  the  case  of  the  plants  en  route  the  greatest  difficulty  was  expe- 
rienced in  controlling  the  red  spider  in  the  cases.  The  measures 
taken,  wdiich  consisted  largely  of  frequent  washing  of  the  younger 
foliage,  were  limited  by  the  need  for  conserving  the  blackfly  and 
parasites  upon  the  plants,  which  prevented  the  utilization  of  the 
usual  methods  of  controlling  this  pest.  The  bleaching  of  the  foliage 
due  to  attack  by  red  spider  rendered  it  unsuitable  for  blackfly 
development.  By  persistant  attention  the  infestation  w-as  kept  with- 
in reasonable  bounds,  though  never  eliminated. 

The  parasitization  of  this  consignment  in  Malaya  was  effected  by 
the  collection  of  as  large  quantities  of  infested  foliage  from  the  field 
as  was  possible  and  the  rearing  of  the  parasites  contained  in  the 
blackfly  pupae.  These  parasite  adults  were  collected  daily  and  trans- 
ferred to  the  Wardian  cases.  In  this  way  the  transmission  of  the 
citrus  canker  infection  was  prevented,  as  well  as  infestation  by 
Ablerus,  the  very  destructive  hyperparasite  which  was  present  in 
all  of  the  material  collected.  In  general  this  method  did  not  prove 
to  be  so  satisfactory^  as  direct  parasitization  in  the  field,  and  only 
ProspalteUa  divergens  reproduced  readily  under  the  conditions  pro- 
vided. 
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Of  interest  in  connection  with  the  rearing  methods  employed  is 
the  comparative  adaptibility  of  the  various  parasite  species  to  the 
conditions  j)rovided.  A  few  individuals  of  Eretmocerus  serlus, 
which  had  already  become  established  in  Cuba  through  the  first  ship- 
ment, accidentally  gained  access  to  the  plants  of  this  lot  before  de- 
parture from  Habana.  Whenever  noted  in  the  cages  thereafter  the 
adults  were  destroyed,  but  in  spite  of  these  measures  the  number 
which  emerged  after  return  to  Habana  was  approximately  equal  to 
that  of  P.  divergens^  of  which  2,500  females  had  been  liberated  in 
the  cases  several  months  earlier,  wliile  1,200  P.  smithi  were  also 
included  and  yielded  only  15  adults  upon  arrival. 

SHIPPING   CONTAINERS  AND    CARE   EN   ROUTE 

The  Wardian  cases  used  in  the  forwarding  of  the  parasite  ship- 
ments from  Malaya  were  of  the  type  employed  by  the  Dej^artment 
of  Agriculture  of  the  Federated  Malay  States  in  their  plant  ship- 


FiGURE  16. — Wardijin  cage  with  sitle  open,  sliowing  (•(nistruc- 
struction,  and  plants  ready  for  sliipment.  (Photo  bj- 
Cuban  Agricultural   Exporinient   Station) 

ments  to  England  and  other  distant  points.  The  construction  was 
modified  in  several  respects  to  suit  the  re(]uirements  of  this  project, 
and  tlie  general  make-up  is  shown  in  Figure  10.  The  wood  used 
was  teak,  which  was  ideal  for  this  purpose,  owing  to  its  strength, 
lightness,  freedom  from  warping,  and  resistance  to  rot  when  wet. 

There  are  several  essential  re(piirements  for  Wardian  cases  Avhen 
utili/,ed  in  extended  shii)meiits  of  parasite  material  upon  living 
plants.  Strong  construction  is  necessary  to  withstand  the  rough 
handling  received  in  loading  or  unloadiiig  from  steamers.  This 
was  well  demonstrated  in  the  loading  at  Balboa  of  the  consignment 
taken  to  IMalaya  on  the  second  trip.  The  12  cases  were  taken  from 
the  dock  on  a  lighter  and  met  the  steamer  in  the  bay.  This  steamer 
did  not  sto]),  however,  but  slowed  to  half  speed,  and  the  cases  were 
hoisted  on  board  in  rope  slings.  Three  or  four  were  placed  in  the 
sliiig  at  one  time  and  (Iropjx'd  on  the  deck  in  all  positions.  In  the 
con.struction  iiiid  packing,  however,  this  treatment  had  been  antici- 
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pated  and  no  damage  resulted.  These  cases  were  comparatively 
heavy,  weighing  approximately  350  pounds  each. 

Further  requirements  of  these  cases  are  that  thej^  shall  be  insect 
proof  and  j^et  provide  sufficient  light  and  air  for  the  normal  breeding 
of  the  parasites  and  host  insects  en  route.  The  needs  in  this  respect 
vary  considerably  with  the  insects  dealt  with,  the  blackfly  requiring 
considerable  light  for  normal  feeding,  mating,  and  oviposition.  The 
ventilation  holes  at  each  end  of  the  case  are  covered  with  90-mesli 
copper  screen.  The  rusting  of  this  screen  produces  copper  salts 
poisonous  to  insects  if  eaten,  but  this  point  is  of  little  importance  in 
the  case  of  the  blackfly  and  its  parasites.  A  fine  cotton  or  silk  cloth 
was  tried  at  one  time,  but  in  the  Tropics  this  was  very  quickly  pene- 
trated by  ants  in  their  effort  to  gain  access  to  insect  material  upon 
which  to  feed. 

For  convenience  in  examination  en  route,  as  well  as  in  the  pre- 
liminary handling  in  the  insectary,  both  sides  of  the  cases  are  re- 
movable, though  insect  proof.  This  is  effected  by  lining  the  edge  of 
each  cover  with  heavy  felt.  During  shipment  these  covers  are  se- 
curely screwed  down,  but  during  the  rearing  work,  or  on  shipboard 
where  frequent  examination  is  necessary",  these  screws  are  removed 
and  the  covers  fastened  by  a  number  of  wdndow  catches  instead. 

To  provide  proper  light  and  air  in  the  cases  one  side  is  covered 
with  white  cloth,  preferably  a  light  khaki,  canvas,  or  drill,  and  the 
opposite  side  with  heavy  celluloid.  This  latter  is  much  lighter  than 
glass  and  has  the  great  advantage  of  being  practically  unbreakable. 
Both  sides  are  also  covered  with  metal  lath  of  %-inch  mesh  for 
further  protection. 

To  prevent  warping  and  discoloration  the  case  is  painted,  inside 
and  out,  with  shellac.  This  has  the  added  effect  of  greatly  reducing 
the  number  of  spiders  which  form  their  webs  in  the  corners  of  the 
case,  and  which  feed  extensively  upon  the  adult  blackflies. 

As  a  protection  against  damage  through  overturning,  and  from  the 
shifting  of  the  contents  during  handling,  the  plants  are  securely 
battened  down  in  the  case  b}"  a  series  of  wooden  strips  extending 
lengthwise  and  firmly  fastened  under  pressure. 

In  the  first  two  shipments  from  Malaya  the  plants  were  placed 
directly  in  porous  soil  in  the  case,  and  the  surface  was  then  covered 
with  a  layer  of  coco  husk.  This  husk  aided  greatly  in  the  conserva- 
tion of  soil  mixture,  while  the  porous  soil  insured  adequate  drain- 
age, without  which  a  saturated  condition  may  develop,  resulting  in 
cessation  in  grow^th  of  the  plants,  root  rot,  and  the  possible  death  of 
the  plants.  In  the  final  shipment  the  plants  were  transferred  to 
individual  clay  pots  at  Singapore,  and  these  were  firmly  packed  in 
light  soil  and  coco  husk.  This  was  more  satisfactory  in  several 
respects,  in  that  it  considerably  reduced  the  weight  of  the  packed  case 
and  necessitated  less  watering.  Prepared  in  this  wa}^,  a  shipment 
may  be  six  weeks  en  route  and  still  require  no  watering  during  this 
time. 

On  shipboard  the  cases  are  placed  upon  the  open  deck,  preferably 
upon  one  of  the  hatches  (fig.  17),  as  this  gives  less  heat  radiation 
than  the  steel  decks.  They  are  well  exposed  to  the  wind  and  with 
the  cloth  side  facing  the  sun.    Direct  sunlight  upon  the  foliage  re- 
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suits  ill  extensive  burning.  It  is  only  under  exceptional  circum- 
stances in  the  Tropics  that  further  protection  from  sunlight  is  neces- 
sary. When  required,  this  is  secured  by  having  a  light  awning 
erected  over  the  cases  or  by  placing  them  in  the  shade  of  the  ship's 
superstructure.  The  usual  heavy  black  tarpaulin  for  the  protection 
of  deck  cargo  provides  too  dense  a  shade  and,  if  not  raised  consider- 
ably above  the  cases,  increases  the  temperature  rather  than  lowers  it, 
and  likewise  prevents  the  free  circulation  of  air. 

In  times  of  stormy  weather  at  sea,  protection  is  necessary  against 
salt  spray  upon  the  foliage.  During  the  trip  to  Malaya  early  in  1931 
a  period  of  two  weeks  of  very  rough  weather  was  encountered  in  the 
Pacific,  and  the  amount  of  salt  spray  that  w^as  driven  through  the 


FiGunE  17. — Twelve  Wardian  cases,  containing  plants  infi>stetl  with  the  hlacklly,  ou 

shipboard  eu  route   to  Malaya 

small  screened  ventilation  holes  at  the  ends  of  the  cases  and  con- 
densed upon  the  foliage  caused  extensive  burning.  Mango  foliage 
was  found  to  be  much  more  susceptible  to  such  injury  tlian  citrus. 


REARING  AND   COLONIZATION   IN   CUBA 

In  the  rearing  of  the  adult  parasites  from  tlie  shipments  of  foreign 
origin  it  is  necessary  to  isolate  the  infested  plants  in  special  emer- 
gence cages  to  insure  against  the  escape  of  any  hj'pcrparasites  or 
other  injurious  insects  which  may  have  been  included  in  the  sliip- 
mont  by  accident.  Tiie  type  of  cage  used  at  tlie  insectaiy  in  Cuba  in 
tlie  work  upon  the  blacklly  ])arasites  is  shown  in  Figure  18.  It  con- 
sists of  a  cubical  cloth  cage  so  placed  as  to  have  only  one  side  facing 
the  light,  and  witli  a  small  door  at  the  back.  The  parasites  are  at- 
tracted to  th(i  liglit  and  are  collected  from  the  cloth  each  day.  The 
cage  itself  is  contained  in  an  insect-proof  room,  so  that  the  possibility 
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of  any  insects  escaping  is  quite  remote.  Upon  completion  of  para- 
site emergence  the  shii^ping  cages  are  either  sterilized  or  destroyed, 
and  the  plants,  with  the  soil  in  Avhich  they  had  been  grown,  are 
burned. 

The  insectary  rearing  work  with  Eretmocerus  provided  a  supply 
of  adults  for  use  in  the  earlier  liberations,  though  tliis  method  was 
abandoned  later.  A  considerable  number  of  orange  seedlings  w^ere 
heavily  infested  with  the  blackfl}',  and  the  parasites  confined  upon 
them  when  the  fly  had  attained  the  second  larval  stage,  though  a 
varvine:  number  of  otlier  stno-es  were  also  present.     The  caejes  used 


TiGURE  18. — I'arasite  emcrgcoce  cage 
plants  sbowD  are  those  which  were 
en  route  to  Malaya  and  return. 
Station) 


with    one   cloth    side   removed.      The   infested 

;r()wn  in  Wardian  cages  for  six  months  while 

(Photo    by    Cuban    Agricultural    Experiment 


were  of  cloth  and  transparent  cellulose  paper,  as  illustrated  in  Figure 
19,  and  from  20  to  50  parasite  females  were  placed  in  each.  Repro- 
duction took  place  very  satisfactorily  under  these  conditions,  and  on 
each  plant  several  thousand  parasite  progeny  could  develop.  These 
were  collected  in  vials  and  taken  to  the  field,  w-here  they  w^ere  placed 
in  similar  cages  upon  infested  branches  or  liberated  directly.  The 
former  is  the  more  effective  as  it  keeps  the  colony  concentrated  during 
the  first  generation. 

In  the  later  colonization  work  it  was  found  to  be  much  more  satis- 
factory to  collect  the  parasite  adults  in  the  field  rather  than  to  rear 
them  in  the  insectary.  and  this  involved  considerably  less  work  for  a 
corresponding  number  of  parasites.  In  any  well-established  colony 
in  the  field  as  many  as  50  adults  may  be  found  upon  a  single  leaf,  and 
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this  abundance  permits  each  collector  to  secure  several  thousand  per 
day.  In  making  these  field  collections,  as  well  as  those  from  tlie 
plants  and  cages  in  the  insectary,  a  suction  bulb  arrangement  vipon 
the  collecting  vials  greatly  facilitates  rapid  handling. 

In  the  distribution  of  the  parasites  to  localities  too  far  distant  for 
the  forwarding  of  adults,  the  shipment  of  infested  leaves  from  W' ell- 
parasitized  host  colonies  is  the  more  practicable  method.  The  leaves 
are  collected  when  the  blackfly  is  largely  in  the  pupal  stage  and  the 
parasites  consequently  nearly  ready  to  emerge.  The  ordinary  mail- 
ing tubes  are  satisfactory  for  shipping.  Material  collected  in  this 
way  and  kept  under  moderately  humid  conditions  will  yield  para- 
sites for  a  period  of  10  to  15  days  after  collection. 


Figure  19. — Bags  of  transpavenr  cellulose  paper  and  cloth,  over  infe.steil  citrus  seed- 
lings, used  for  rearing  parasites  and  predators  in  the  insectary  and  lor  field  colo- 
nization.     (Photo  by  Cuban  .Agricultural  Experiment  Station) 

SUMMARY 

The  citrus  blackfly  {Aleurocanthvs  nwglumi)  occurs  generally  in 
all  regions  of  tropical  Asia,  having  been  found  in  the  Philippine 
Islands,  southern  China,  French  Indo-China,  Siam,  Malaya,  the 
Dutch  East  Indies,  Burma,  India,  and  Ceylon.  In  the  New  World 
it  was  first  discovered  in  Jamaica  in  1013,  and  the  infestation  has 
now  spread  to  Cuba,  Haiti,  Panama,  Costa  Rica,  and  the  Bahama 
Islands. 

In  the  Far  East  tlie  species  can  be  found  only  rarely  upon  plants 
other  than  citrus,  and  is  of  very  minor  importance  upon  lliis  host, 
whereas  in  Central  America  and  the  West  Indies  a  large  variety  of 
other  ])lants  is  attacked,  those  most  seriously  affected  being  the 
I*liili|i|  line   iiiMiigo  and   coffee. 
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In  the  development  of  the  fly  the  dominant  natural  influences  are 
humidity  and  rainfall.  Increase  is  very  rapid  during  the  rainy 
season  and  a  marked  decline  occurs  during  periods  of  dry  weather. 

The  meteorological  conditions  in  the  citrus-producing  sections  of 
the  United  States  indicate  that  the  blackfly  may  become  a  major 
pest  in  Florida  and  the  Gulf  States  if  established  there,  but  would 
be  unable  to  withstand  the  adverse  conditions  prevailing  in  Cahfor- 

nia. 

The  status  of  the  blackfly  as  of  no  economic  importance  m  the 
Far  East  is  due  almost  exclusively  to  the  mortality  eifected  by  the 
natural  enemies.  Of  these  there  Avere  found  6  species  of  parasitic 
chalcidoid  Hymenoptera  {Encarsia  merceti^  Eretmocerus  serius, 
ProspalteUa  divergcns,  P.  siiuthl,  and  ProspaJteUa  spp.)  ;  5  coleop- 
terous predators  (the  nitidulid  Gyhocephalus  sp.  and  the  coccinellids 
Cryptognatha  sp.,  Sctjmnus  smithianus,  Scymnus  sp.  near  palUdicol- 
lis,  and  Scymnus  sp.)  ;  2  dipterous  predators  {Adetoxenus  indica 
and  Acletoxeniis  sp.)  ;  1  neuropterous  predator  {Chrysopa  sp.)  ;  and 
1  lepidopterous  predator   {Cryptohlabes  gnidiella). 

The  internal  parasites  are  responsible  for  an  average  mortality 
of  54  to  CT  per  cent  in  each  generation  in  the  field.  In  all  sections 
approximately  50  per  cent  of  the  parasites  are  destroyed  in  the  late 
larval  or  pupal  stage  by  hyperparasites  of  the  genus  Ablerus. 

Of  the  parasites  listed  above,  Eretmocerus  ser'ms  has  been  imported 
into  Cuba  and  successfully  established.  Commercial  control  has 
been  effected  in  most  of  the  groves  in  which  the  early  liberations 
were  made,  this  being  normally  effected  within  8  to  12  months  from 
the  first  liberation.  The  extent  of  parasitization  in  these  groves  at 
the  time  of  control  has  ranged  from  72  to  78  per  cent. 

Colonies  of  Eretmocerus  have  been  liberated  in  many  groves  in  all 
of  the  provinces  of  Cuba,  and  have  also  been  sent  to  the  Canal  Zone, 
the  Bahamas,  and  Haiti. 

Eretmocerus  is  an  external  parasite  in  its  first  two  larval  stages 
and  internal  in  the  final  stages.  Oviposition  takes  place  preferably 
beneath  the  second  larval  stage  of  the  host,  though  any  stage  may  be 
attacked.  Two  generations  are  developed  upon  each  one  of  the 
host. 

Among  the  coccinellid  ]3redators,  Cryptognatha  sp.  and  Scyinnus 
sinithiajius  are  now  established  in  Cuba.  Crjq^tognatha  has  fully 
controlled  a  heavy  blackfly  infestation  in  at  least  one  grove,  but  its 
effectiveness  is  very  uncertain.  This  species  can  be  only  an  aid  to 
Eretmocerus  in  the  initial  subjugation  of  the  host  infestation,  and 
can  not  be  relied  upon  for  permanent  control.  Scymnus  smithianus 
is  apparently  not  adapted  to  Cuban  conditions,  as  reproduction  is 
largely  suspended  during  the  summer  months. 

In  the  New  World  no  native  parasites  liave  been  found  to  attack 
the  blackfly,  though  a  number  of  coccinellid  beetles  prey  upon  it. 

Fungous  diseases,  primarily  those  produced  by  forms  in  the  genera 
Aschersonia  and  Aegerita,  at  times  effect  a  fairly  high  mortality 
upon  the  larval  and  pupal  stages  of  the  blackfly  in  the  West  Indies. 
These  occur  in  Malaya  also,  though  onlj^  rarely  upon  Aleurocanthus 
woglumi.,  in  spite  of  the  apparently  more  favorable  climatic 
conditions  for  development. 
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INTRODUCTION 

In  the  intensive  investigations  of  soil  colloids,  which  have  engaged 
the  attention  of  soil  chemists  in  recent  years,  it  has  been  customary 
to  regard  the  material  separated  from  a  given  soil  by  dispersion  in 
water  as  essentially  homogeneous.  It  does  not  follow,  however, 
that  it  has  been  considered  a  chemical  unit.  The  material  extracted 
has  usually  been  considered  as  fairly  representative  of  the  total 
colloid,  although  a  complete  separation  of  the  colloid  is  never  obtained. 
In  the  work  by  Bradfield  {9y  the  material  not  separated  from  a 
suspension  of  Putnam  silt  loam  subsoil  after  30  days'  standing  was 
separated  into  three  fractions  by  means  of  a  centrifuge,  and  tw^o  of 
these  fractions  were  analyzed  and  the  difference  noted  and  commented 
upon.  In  the  work  of  Gile  et  al.  (15)  attempts  were  made  to  frac- 
tionate the  colloid  material  of  several  soils  by  repeated  dispersion 
and  separation  by  the  centrifuge.  The  absorptive  capacities  of 
these  fractions  of  the  total  "extractable"  colloid  were  determined 
and  though  differences  were  noted,  the  conclusion  reached  was  that 
"on  the  whole  the  different  fractions  were  similar  in  absorptive 
capacity  to  the  first  sample  extracted."  In  the  work  reported  by 
Robinson  and  Holmes  (28)  the  chemical  analyses  of  the  same  frac- 
tions are  given,  and  again,  though  differences  were  noted,  the  con- 
clusion was  reached  that  there  is  com.paratively  little  variation  in 
the  composition  of  the  colloidal  material  extracted  from  the  same 
soil.  In  the  same  bulletin  Robinson  and  Holmes  reported  the  result 
of  their  efforts  to  fractionate  soil  colloids  by  precipitation  and  by  freez- 
ing and  thawdng.  The  results  were  negative.  Also,  in  the  bulletin  by 
Gfle  et  al.,  previously  cited,  the  authors  concluded  (15,  p.  38): 

>  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  42. 
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The  adsorptive  capacity  of  a  small  sample  of  extracted  colloidal  material 
differs  by  about  10  per  cent  from  the  adsorptive  capacity  of  all  the  colloidal  mate- 
rial which  is  extractable  by  the  methods  employed.  However,  the  colloidal 
material  which  can  not  be  extracted  has,  in  manj'  soils,  a  much  lower  adsorp- 
tive capacity  than  that  which  is  extractable. 

Iwanow  (18)  separated  the  colloidal  material  from  the  sodium- 
saturated  chernozem  soils  and  after  redispersion  filtered  the  suspen- 
sion through  a  Birkfeld  filter.  After  evaporation,  ignition,  and 
leacliing  with  water,  he  analyzed  the  residue  and  compared  the  values 
so  obtained  with  the  analyses  of  the  colloid  retained  by  the  filter. 
The  results  obtained  showed  striking  differences  in  the  colloid  frac- 
tions, but  the  results  are  not  very  significant  since  the  material 
passing  the  Birkfeld  filter  contains  not  only  the  very  small  colloid 
particles  but  also  the  ash  of  the  organic  material  and  soluble  inorganic 
material.  The  fine  material  estimated  to  be  0.1  micron  in  diameter 
constituted  about  4  per  cent  of  the  extracted  colloid. 

Denison  (14)  attempted  the  fractionation  of  the  colloid  from  certain 
horizons  of  tliree  soil  types,  a  Durham  sandy  loam  and  a  Cecil  sandy 
clay  loam  from  Georgia,  and  a  Cecil  clay  loam  from  North  CaroUna. 
He  confined  his  attention  to  portions  of  the  C  horizon,  since  previous 
work  on  A  and  B  horizons  had  indicated  the  existence  of  no  marked 
variations  in  the  colloid  fractions  obtained  b}^  successive  dispersions. 
His  method  of  extraction  is  described  by  him  as  follows:  (14,  P-  4'^^- 
477): 

The  first  fraction  was  made  as  follows:  A  10  to  20  g  ^  sample  of  soil  material  was 
moistened  with  water  and  the  mass  worked  to  a  somewhat  plastic  consistency 
by  rubbing  the  particles  between  the  fingers.  A  small  quantity  of  water  made 
alkaline  with  ammonia  was  then  added  and  after  settling  for  a  few  minutes  the 
suspension  was  decanted  into  a  500  c  c  glass  cylinder.  The  settled  portion  was 
rubbed  between  the  fingers  as  before,  and  the  process  repeated  until  the  cylinder 
was  filled.  The  suspension  was  now  allowed  to  settle  until  microscopic  exami- 
nation showed  that  the  suspension  to  a  certain  depth  was  practically  free  of 
particles  more  than  1  micron  in  diameter.  The  colloidal  solution  was  then  drawn 
off  to  this  depth  and  evaporated  to  dryness.  The  second  fraction  was  prepared 
in  a  similar  manner  except  that  the  silty  material  obtained  by  removal  of  the 
greater  part  of  the  colloid  (explained  under  Methods)  was  employed  instead  of 
the  soil  material.  In  preparing  this  second  fraction  about  50  g  of  material 
were  dispersed  in  3  liters  of  water  (alkaline  to  phenolpthalein)  contained  in  a 
beaker  and  the  colloidal  solution  drawn  off  when  nearly  all  particles  more  than 
1  micron  in  diameter  had  settled.  The  quantities  of  colloid  obtained  in  all 
cases  were  very  small,  averaging  not  more  than  0.5  g. 

The  results  obtained  from  such  small  fractions  were  somewhat 
inconclusive,  but  were  so  remarkable  as  to  warrant  a  more  extended 
investigation.  The  present  investigation  was  begun  for  the  purpose 
of  extending  the  work  of  Denison,  and  large  samples  of  the  soils  from 
the  same  localities  were  obtained  by  one  of  the  authors.  In  the 
interval  before  securing  these  samples  a  prcHniinary  examination  of 
the  Davidson  clay  loam  subsoil  was  made,  and  the  results  indicated 
the  desirability  of  an  alteration  of  the  method  to  be  employed.  As 
the  data  were  accumulated  it  became  apparent  that  they  tlu-ew 
much  light  u])on  the  question  of  colloid  constitution  and  soil  origin, 
and  they  have  therefore  been  made  the  basis  of  a  brief  general  dis- 
cussion of  these  topics. 


•  g  Is  the  abbreviation  for  gram  or  grams. 
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PRELIMINARY  STUDY 

A  preliminary  study  was  made  on  the  Bi  horizon  of  a  sample  of 
Davidson  clay  loam  collected  9  miles  north  of  Greensboro,  N.  C, 
by  R.  C.  Jurney,  of  the  division  of  soil  survey.  It  is  the  same  sample 
on  wliich  complete  profile  data  are  reported  by  Middleton  (22). 
The  silica-sesquioxide  ratio  of  the  colloid  of  the  Bi  horizon  is  1.50. 
The  colloid  content  by  mechanical  analysis  is  64.8  per  cent. 

The  fractionation  of  tliis  soil  was  efl'ected  as  follows:  One  kilogram 
of  the  air-dried  soil  was  well  shaken  in  18  liters  of  N/200  sodium 
oxalate  solution  and  poured  through  a  300-mesh  sieve.  The  resulting 
suspension  had  a  pH  of  8.4.  After  20  hours  the  suspended  portion 
was  syphoned  off  and  filtered.  The  operation  was  repeated  15  times 
with  the  filtrate  as  a  dispersing  agent,  until  the  supernatant  liquid 
was  clear  after  standing  20  hours.  The  suspended  particles  were 
1  micron  or  less  in  diameter.  The  residual  material  was  then  dis- 
persed in  the  same  manner  as  later  described  for  the  size  fractionation 
(step  3)  and  all  the  colloid  obtained  that  could  be  centrifuged  off 
after  eight  dispersions  with  N/200  sodium  oxalate.  The  residual 
material  was  then  dispersed  and  centrifuged  eight  times  with  N/400 
sodium  hydroxide  solation. 

The  residual  material  was  again  dispersed,  using  N/200  sodium 
hydroxide  solution  as  a  dispersing  agent.  This  operation  was  repeated 
eight  times.  The  total  colloid  obtained  in  the  four  fractions  was 
441.4  g  w^hen  dried  on  the  steam  bath.  Examination  of  the  ma- 
terial which  failed  to  pass  the  300-mesh  sieve,  as  well  as  the  silt  and 
clay  fractions  of  the  repeatedly  dispersed  material,  revealed  the 
presence  of  much  undispersed  material. 

A  recapitulation  of  the  method  of  extraction  and  the  analyses  of 
the  four  fractions  of  colloid  are  given  in  Table  1. 
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Table  1. —  Chemical  composition  of  successive  fractions  of  colloids  frovi  Davidson 

clay  loam,  Bi  horizon 

[Depth,  9  to  36  inches] 


Steps 

O 
< 

Molecular  ratio 

in  the 
frac- 
tiona- 
tion 
of  the 
colloid 

Method  of  extraction 

Fraction  of 
w  hole  soil 

35 

O 

O 

O 

< 
+ 
O 

o 

O 

CO     m 

o  o 

O 

VI 

a 

£1 

"3 
o 

1 

Colloid    «\ii\   sepnr&ted 
by  sub.sidence  (15  times) 

<1m  separated  by  oentri- 
fuging  8  times. 

Continued      centrifuging 
residue  from  2,  8  times 
(<  1m = upper    limit    of 
size). 

Continued      centrifuging 
residue  from  3,  8  times 
(<lM=upper    limit    of 
size). 

1.68  per  cent. 
Duplicate... 
M  ean 

Per 

cent 
37.89 
37.87 
37.88 
36.30 
36.38 
36.34 
36.  80 
36.75 
36.77 

37.07 
37.08 
37.08 

Per 

cent 

14.69 

14.82 

14.76 

15.79 

15.85 

15.82 

14.74 

14.70 

14.72 

12.79 
12.  54 
12.66 

Per 

cent 
31.87 
31.38 
31.63 
31.08 
31.63 
31.  66 
29.52 
29.54 
29.53 

28.60 
28.71 
28.65 

1.57 
1.57 
1.57 
1.47 
1.47 
1.47 
1.60 
1.  CO 
1.60 

1.70 
1.70 
1.70 

6.80 

2  03 

n  9qR 

27  5 

2 

37.50  per  cent 
Duplicate. -- 
Mean     - 

..'. 1 

6.09 

1.95 

.320 

33  0 

3 

3.62  per  cent. 

-^Duplicate... 

Mean 

6  62 

2.11 

.319 

16  1 

4 

(1.66  per  cent. 

■(Duplicate. .- 

Mean 

7.74 

2.19 

.283 

18  3 

Steps 
in  the 
frac- 
tiona- 
tion 
of  the 
coUoid 

Method  of  extraction 

Fraction  of 
whole  soil 

MgO 

CaO 

KiO 

NaaO 

TiOs 

MnO 

PjOi 

Or- 
ganic 
mat- 
ter 

Com- 
bined 
water 

1 

2 

3 

4 

Colloid«lM)  separated 
by     subsidence     (15 
times). 

<1m  separated  by  cen- 
trifuging 8  times. 

Continued  centrifuging 
residue  from  2, 8  times 
«1m= upper  limit  of 
size). 

Continued  centrifuging 
residue  from  3, 8  times 
«l/i=upper  limit  of 
size). 

(1.68  per  cent. 
■^Duplicate... 

iMean.- 

|37.50  per  cent 
{Duplicate... 

iMean 

|3.62 per  cent. 
<Duplicate-.. 
[Mean 

[1.66  per  cent. 
■^Duplicate... 
iMean 

Per 
cent 
0.62 
.60 
.61 
.47 
.47 
.47 
.96 
.98 
.97 

.95 
.90 
.93 

Per 

cent 
0.16 
.08 
.12 
.14 
.10 
.12 
.49 
.49 
.49 

.12 
.10 
.11 

Per 

cent 
0.54 
.50 
.52 
.41 
.43 
.42 
.65 
.64 
.65 

.94 

.78 
.86 

Per 
cent 
0.00 
.00 
.00 
.19 
.14 
.16 
.17 
.12 
.15 

.00 
.00 
.00 

Per 
ceent 
0.67 
.76 
.71 
.80 
.82 
.81 
.70 
.70 
.70 

.71 
.71 

.71 

Per 
cent 
0.05 
.07 
.06 
.05 
.05 
.05 
.04 
.04 
.04 

.09 
.  11 
.10 

Per 
cent 
0.07 
.09 
.08 
.11 
.12 
.12 
.24 
.24 
.24 

.21 

1     .17 

.19 

Per 
cent 
0.90 
1.04 
.97 
1.36 
1.17 
1.27 
4.14 
3.94 
4.04 

5.59 
5.53 
5.56 

Per 

cent 

12.17 

12.20 

12.18 

12.30 

12.48 

12.39 

10.50 

10.66 

10.58 

12.15 
12.15 
12.15 

An  examination  of  the  data  of  Table  1  reveals  the  fact  that  no 
serious  segregation  of  colloid  fractions  of  varying  composition  was 
produced. 

It  will  be  observed  that  the  lirst  fraction  obtained  b}'  subsidence  is 
slightly  richer  in  silica  and  poorer  in  iron  oxide  than  is  the  fraction 
which  represents  the  bulk  of  the  extractable  colloid.  Its  silica- 
sescjiiioxide  ratio  is  therefore  somewhat  higher.  The  more  difficultly 
extractable  colloid  fractions  also  have  a  somewhat  higher  silica- 
sesquioxide  ratio.  The  third  and  fourth  fractions  are  richer  in  total 
bases  and  have  increasingly  higher  ignition  losses  than  the  second 
fractions.  It  might  be  inferred  legitimately,  therefore,  that  increasing 
amounts  of  j)artly  h3'drolyzed  or  wholly  imdecomposed  minerals 
were  being  brought  into  these  fractions.  This  is  in  agreement  with 
the  results  obtained  by  Robinson  and  Holmes  (28).     Any  far-reaching 
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inferences  are,  however,  not  warranted  and  the  general  conclusion 
was  reached  that  more  satisfactory  results  nii^ht  be  obtained  by 
attempting  the  fractionation  on  the  basis  of  size  distribution,  the 
results  of  which  effort  form  the  body  of  this  bulletin.  The  size  separa- 
tion of  the  colloidal  material  was  made  not  only  on  the  colloidal 
material,  as  ordinarily  separated  from  soils,  but  was  also  carried  out, 
as  later  described,  on  the  colloid  material  ordinarily  described  as 
"unextracted"  colloid  {15,  p.  19). 

DESCRIPTION  OF  SAMPLES 

The  soils  investigated  in  this  study  were  selected  in  the  first  instance 
to  obtain  colloids  that  were  presumably  mixtures  of  materials  and 
that  might  therefore  be  expected  to  furnish  fractions  of  diverse  com- 
position. They  are  also  soils  of  which  the  laboratory  possesses  com- 
plete profile  samples  upon  which  considerable  work  had  already  been 
done.  As  the  work  developed  it  seemed  desirable  to  include  two 
samples  of  less  weathered  soils  which,  on  the  basis  of  information  at 
hand,  were  not  to  be  expected  to  show  widely  different  fractions. 
The  samples  chosen  and  their  descriptions  are  tabulated  in  Table  2, 

Table  2. — Description  and  location  of  soil  samples 


Labo- 
ratory 
No. 

Soil  type 

Depth 

Hori- 
zon 

Description 

Parent  material 

Location 

4575 
191 

Amarillo  silty  clay 

loam. 
Marshall  silt  loam.  . 

Becket  silt  loam 

Durham  sandy  loam . 
Davidson  clay  loam. 
Cecil  clay 

Inches 
10-20 

0-14 

13-24 

90-102 

9-36 

36-72 

180-196 

112+ 

2 
1 

Bj 

c, 

B, 

B2 
C4 

C, 

Rich-brown  color  with 
faint  tint  of  red. 

Dark-brown  color,  mod- 
erately compact  but 
friable  and  easily  crum- 
bled,     plastic,      and 
sticky  when  wet. 

Yellowish-brown,  grad- 
ing to  pale  yello^vish- 
brown  color,  friable. 

Very  light  gray  slightly 
decomposed  rock. 

Reddish  heavy  brittle 
clay. 

Red  stiff  brittle  clay 

Grayish-brown  disinte- 
grated rock. 

Gray  soft  disintegrated 
rock. 

High  plains  de- 
posits. 
Loess 

Nash,  Tex. 
M  a  y  n  a  r  d , 

4447 
6263 

Glacial  till  from 
crystalline  cal- 
careous rocks. 

Granite 

Nebr. 

Washington, 

Mass. 

Stone     Moun- 

4440 

Diorite 

tain,  Ga. 
Greensboro, 

6278 

Gneiss.. 

N.C. 

Rutherford  ton, 

6274 
6281 

Cecil    sandy    clay 
loam. 

Cecil  clay  loam. 

Mica  schist 

Gneiss.. 

N.C. 

Stone  Moun- 
tain, De 
Kalb  Coun- 
ty, Ga. 

Rutherfordton, 

N.  C. 

The  mechanical  and  chemical  analyses  of  the  samples  are  given  in 
Tables  3  and  4,  respectively. 
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Table  3. — Mechanical  composition  of  soil  samples 


Sam- 
ple 
No. 


4576 
191 
4447 
6263 
4440 
6278 
6274 
6281 


Soil  type 


Hori- 

zon 

Inches 

10-20 

2 

0-14 

1 

13-24 

B2 

90-102 

Cs 

9-36 

Bi 

36-72 

Bj 

180-196 

c, 

112+ 

Cs 

Fine 

gravel 

2-1  mm 


Coarse 

sand 

1-0.5  mm 


Medium 
s-md  0.5- 
0.25  mm 


Fine  sand 

0.25-0.1 

mm 


Amarillo  silty  clay  loam 

Marshall  silt  loam 

Becket  silt  loam 

Durham  sandy  loam 

Davidson  clay  loam 

Cecil  clay  loam 

Cecil  sandy  clay  loam.  . 
Cecil  clay  loam 


Per  cent 
0.0 

.0 
3.1 
9.7 

.  1 
1.6 
6.1 
9.8 


Per  cent 
0.1 

.1 

5.5 

16.1 

.7 
14.9 
17.2 
28.0 


Per  cent 

0.2 

.  1 

6.9 

10.3 

.9 

14.6 

14.0 

15.4 


Per  cent 

1.9 

.2 

21.2 

15.4 

5.4 

26.8 

32.8 

19.8 


Sam- 
ple 
No. 


Soil  type 


4575  Amarillo  silty  clay  loam 

191  Marshall  silt  loam 

4447  Becket  silt  loam.- 

6263  Durham  sandy  loam... 

4440  Davidson  clay  loam 

6278  Cecil  clay  loam. 

6274  Cecil  sandy  clay  loam . . 

6281  Cecil  clay  loam 


Hori- 

zon 

Inches 

10-20 

2 

0-14 

1 

13-24 

Bj 

90-102 

Cj 

9-36 

Bi 

36-72 

B2 

180-196 

C< 

112+ 

c, 

Very  fine 
sand  0.1- 
0.05  mm 


Per  cent 

8.3 

2.0 

18.4 

9.2 

8.9 

15.4 

17.7 

a7 


Silt  0.05- 
0.005  mm 


Per  cent 
41.0 
62.2 
30.2 

9.5 
22.3 
18.5 

9.1 
10.3 


Clay 

<0.005 

mm 


Per  cent 

47.  i 

31.2 

9.0 

29.7 

60.4 

8.3 

3.0 

8.0 


Inorganic 

colloid 

<0.002 

mm 


Per  cent 

42.8 

27.8 

5.5 

28.4 

54.0 

6.3 

1.7 

6.2 


Loss  on 
treiitment 
withHsOj 


Per  cent 

1.1 

4.3 

5.6 

.0 

1.3 

.0 

.0 

.0 


Table  4. — Chemical   composition  of  soil  samples 


Sam- 
ple 
No. 


4575 
191 
4447 
6263 
4440 
6278 
6274 
6281 


Soil  type 


Amarillo  silty  clay  loam 

Marshall  silt  loam 

Becket  silt  loam 

Durham  sandy  lo;im 

Davidson  clay  loam 

Cecil  clay  lo;mi 

Cecil  sandy  clay  loam... 
Cecil  clay  loam 


a 


Inches 

10-20 

0-14 

13-24 

90-102 

9-36 

180-196 

9-36 

112+ 


2 

1 

B2 
C3 

Bi 
Ct 
Ba 
Cs 


O 


Per 
cent 
70.48 
72.06 
72.67 
70.51 
52.70 
61.51 
49.24 
54.18 


M 

o 

O 

a> 

^ 

!^ 

< 

Per 

Per 

cent 

cent 

4.40 

13.88 

3.66 

11.18 

3.58 

10.32 

1.02 

17.46 

10.62 

22.87 

7.82 

19.25 

9.65 

26.14 

7.40 

23.90 

«30 


7.14 
9.78 
11.94 
6.61 
3.01 
4.30 
2.58 
3.19 


O 
to 


Per 

cent 

1.35 

.66 

.41 

.18 

.40 

1.84 

1.49 

1.64 


O 

cs 


Per 
cent 
0.97 
.90 
.62 
.24 
.51 
.22 
.22 
.57 


q 


Per 
cent 
2.56 
2.66 
3.45 
6.22 
.45 
3.10 
2.44 
2.41 


Sam- 
ple 
No. 


Soil  type 


4575  Amarillo  silty  clay  loam 

191  Marshall  silt  loam 

4447  Becket  silt  loam 

6263  Durham  sandy  loam 

4440  Davidson  clay  loam 

6278  Cecil  clay  loam 

6274  Cecil  sandy  clay  loam . . 

6281  Cecil  clay  loam 


Depth 


Inches 

10-20 

0-14 

13-24 

90-102 

9-36 

180-196 

9-36 

112+ 


Hori- 
zon 


NaaO 


2 

1 

Bj 
Cj 
B, 

C4 

Bs 
Cs 


Per 

cent 
1.01 
1.02 
.67 
.52 
.00 
.21 
.05 
.24 


TiOj 


Per 

cent 

0.71 

.07 

.70 

.08 

1.39 

1.04 

1.79 

1.26 


MnO 


Per 
cent 
0.09 
.05 
.02 
.02 
.07 
.17 
.12 
.11 


PjOs 


Per 
cent 
0.09 
.21 
.08 
.32 
.12 
.12 
.29 
.49 


Igni- 
tion 
loss 


Per 

cent 
4.97 
0.94 
7.27 
3.85 
10.55 
5.27 
9.40 
8.55 


Per 

cent 

0.08 

.23 

.09 


.02 


SOs 


Per 

cent 

0.07 

.12 

.14 


.12 
.05 
.07 
.07 


PH 


7.8 

"4."i 
6.1 
5.1 
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METHOD  OF  EXTRACTION  OF  THE  COLLOID   FRACTIONS 

The  colloid  was  separated  from  the  soils  and  fractionated  by  the 
use  of  two  Sharpies  supercentrifuges  (6).  The  larger  of  these  had  a 
maximum  safe  operating  speed  of  17,000  revolutions  per  minute  and 
a  bowl  diameter  of  4  inches,  therefore  developing  at  this  speed  17,000 
gravity.  The  smaller  centrifuge  had  a  maximum  operating  speed  of 
40,000  revolutions  per  minute,  a  bowl  diameter  of  2  inches,  and  de- 
veloped 40,000  gravity. 

One-half  to  2  kg  of  soil  were  dispersed  with  10  to  15  liters  of  water 
in  a  stirring  apparatus  described  by  Holmes  and  Edgington.  (17),  to 
which  was  added  just  sufficient  ammonium  hydroxide  to  render  the 
suspension  faintly  alkaline.  The  liquid  was  allowed  to  stand  suffi- 
ciently long  for  the  sands  to  settle  and  this  supernatant  liquid  decanted 
through  a  300-mesh  sieve.  Tliis  operation  was  repeated  until  a  total 
of  about  20  gallons  of  suspension  was  obtained. 

The  suspension  of  fine  silt,  clay,  and  colloid  was  then  run  tlu'ough 
the  larger  centrifuge  operating  at  17,000  revolutions  per  minute  and 
the  liquid  poured  through  at  a  rate  of  1  liter  per  35  seconds.  The 
liquid  was  filtered  through  Pasteur-Chamberland  filters.  The  ma- 
terial left  in  the  centrifuge  bowl  was  then  redispersed  by  rubbing 
between  the  hands  and  by  agitation  in  the  stirring  apparatus.  The 
water  used  for  this  operation  was  obtained  by  filtration  of  the  pre- 
viously separated  colloid.  This  operation  of  centrifuging  and  re- 
dispersing  was  continued  from  5  to  10  times  until  the  liquid  from  the 
centrifuge  showed  almost  no  colloid  content,  i.  e.,  the  liquid  showed 
but  faint  opalescence. 

The  colloid  so  collected  on  the  filters  contained  no  significant  num- 
ber of  particles  of  a  diameter  greater  than  0.3  micron,  as  shown  by 
examination  with  an  ultra  microscope.  The  residue  of  colloid  coarser 
than  0.3  micron  was  separated  from  the  fine  silt  and  clay  by  exactly 
the  same  treatment  except  that  the  rate  of  flow  through  the  centrifuge 
was  increased  to  1  hter  per  17  seconds.  This  part  of  the  colloid  was 
separated  by  filtration.  Examination  of  this  fraction  with  the  ultra 
microscope  revealed  the  presence  of  no  significant  number  of  particles 
larger  than  1  micron  and  surprisingly  few  of  less  than  0.3  micron. 

The  noncolloidal  residue  was  then  separated  into  two  fractions  by 
redispersion  and  certrifuging  at  a  rate  of  flow  of  1  liter  per  4  seconds, 
with  a  centrifuge  rate  of  7,000  revolutions  per  minute.  This  opera- 
tion had  to  be  repeated  several  times  in  order  to  effect  complete  sepa- 
ration into  fractions  1  to  5  microns  and  5  to  50  microns,  respectively. 
The  clay  fraction  was  collected  by  filtration;  the  fine  silt  remained 
in  the  bowl  of  the  centrifuge. 

In  order  to  separate  the  fraction  of  colloid  of  a  0.3  micron  and 
smaller  sizes  into  two  fractions,  the  small  supercentrifuge  was  em- 
ployed. This  colloidal  material  was  again  dispersed  and  run  through 
the  centrifuge  at  a  rate  of  40,000  revolutions  per  minute  and  a  rate  of 
flow  of  1  liter  per  two  minutes.  The  centrifugate  contained  from  25 
to  60  per  cent  of  the  colloid  so  treated,  and  by  the  ultra  microscope 
the  particles  so  obtained  were  exceedingly  minute.  This  fraction  is 
estimated  to  contain  no  significant  number  of  particles  greater  than 
0.1  micron. 
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The  same  water  was  used  throughout  the  series  of  separations  and 
at  the  end  had  a  pH  value  ranging  from  8.3  to  8.7. 

The  method  of  separation  and  its  results  are  recapitulated  in 
Table  5. 

Table  5. — Fraction  sizes  of  particles  at  various  steps  in  the  process  of  extracting 

the  colloids 


step 

Centrifuge 
rate 

Gravity 

Rate  of 

flow  per 

liter 

Particle  size 

1  .  . 

Retolutions 

per  minute 

40,000 

17, 000 

17,000 

7,000 

40,  000 

17,  000 

17,  000 

2,800 

."Seconds 

120 

37 

16 

4 

<0. 1/i  (colloid). 
<0.  3m  (colloid). 
0.3^1.  to  1.0/1  (colloid). 
1m  to  5n  klay). 
fMtoSOM  (silt). 

2 

3 ..., 

4 

5 

It  is  to  be  emphasized  that,  in  order  to  obtain  the  size  separation 
shown  in  Table  5,  each  operation  was  repeated  from  5  to  10  times, 
until  the  centrifugates  obtained  showed  that  no  further  separation 
would  be  effective  in  materially  increasing  the  quantities  of  the  suc- 
cessively smaller  fractions.  Considerable  differences  in  the  rapidity 
with  which  the  operations  were  completed  were  noted  in  the  different 
soils.  The  quantities  of  colloid  so  obtained  were  always  smaller  than 
those  indicated  by  either  the  pipette  method  of  mechanical  analysis 
(25)  or  the  water  vapor  absorption  method  (26),  except  in  the  case  of 
the  C3  horizon  of  the  Cecil  clay  loam,  where  the  amount  extracted  is 
essentially  the  same  as  the  percentage  indicated  by  mechanical 
analyses.  It  is  recognized  that  both  methods  are  approximations 
and  that  the  pipette  method  includes  particles  of  the  sizes  1  to  2 
microns.  Nevertheless,  the  differences  between  the  amounts  ob- 
tained and  those  indicated  by  the  mechanical  analysis  (Table  3)  were 
sufficiently  wide  to  encourage  attempts  at  further  extraction.  It  has 
been  shown  by  Olmstead,  Alexander,  and  Middleton  (25)  that  in- 
creased dispersion  may  be  effected  by  using  sodium  hydroxide  at 
pH  values  well  above  7.  Three  of  the  samples  under  investigation 
were  therefore  selected,  and  the  combined  silt  and  clay  fractions  were 
redispersed,  using  pH  values  of  10.5  to  11.0.  The  quantities  of  col- 
loid (<1m)  extracted  by  the  two  methods  are  given  in  Table  6. 
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Table  6. — Quantities  of  colloid  extracted  from  the  soil  samples  by  using  two  methods 


Colloid, 

Colloid, 

percentage 

percentage 

Sam- 
ple 
No. 

of  whole 

of  whole 

Soil  typo 

Depth 

soil,  ex- 
tracted by 
water  and 

soil,  ex- 
tracted by 

NaOH  from 

ammonia. 

silt  and  clay 

pH  7-S.7 

fraction 

Inches 

4575 

Amarillo  silty  clav  loam     

10-20 

31.7 

1.1 

191 

Marshall  silt  loam         

0-14 
13-24 
90-102 

21.3 

3.1 

23.4 

4447 

Beckct  silt  loam                          _  _  _ 

1.2 

6263 

Durham  sandy  loam     

4440 

Davidson  clay  loam 

9-36 

34.4 

.8 

6278 

Cecil  clay  loam                _. -      .      .      ....        . 

36-72 

4.9 

6274 

Cecil  sandv  clay  loam 

180-196 

1.5 

6281 

Cecil  clay  loam       

112-1- 

8.1 

After  extraction  with  sodium  hydroxide  the  silt  and  clay  fractions 
were  examined  by  W.  H.  Fry  and  found  to  contain  very  small  quanti- 
ties of  residual  colloids.  It  will  be  observed  by  comparison  with  the 
data  in  Table  3  that  there  is  a  considerable  margin  between  the  total 
colloid  extracted  and  the  sum  of  the  colloid  and  organic  matter  by 
mechanical  analysis.  A  part  of  the  discrepancy  is  accounted  for  by 
the  fact  that  the  concretionary  colloid  remaining  wdth  the  sands  on 
the  300-mesh  screen  is  not  included  in  the  samples  examined.  A  part 
is  to  be  ascribed  to  the  fact  that  the  colloid  by  mechanical  analysis 
includes  the  particles  up  to  2  microns.  It  is  also  to  be  kept  in  mind 
that  unavoidable  losses  occur  in  extraction  operations.  On  the  whole, 
the  fractions  of  the  total  colloid  included  in  the  analyses  represent  an 
unusually  large  part  of  the  total  colloids  present  in  the  soils. 

METHODS  AND  RESULTS  OF  THE  EXAMINATION  OF  THE  FRACTIONS 

The  soil  fractions,  obtained  as  described,  of  the  eight  soil  horizons 
from  seven  different  soils  were  examined  by  subjecting  them  to  fusion 
analysis,  using  the  methods  described  by  Robinson  (27).  The  water 
vapor  absorption  over  3.3  per  cent  sulphuric  acid,  over  30  per  cent 
sulphuric  acid,  and  the  heat  of  wetting  were  determined  as  described 
in  previous  publications  of  this  bureau  {1,21,  26).  The  data  obtained 
are  given  in  Tables  7  to  16.  Each  determination  was  made  in  dupli- 
cate and  the  individual  determinations  and  their  mean  values  are 
recorded. 

The  sequence  of  the  tables  is  not  that  in  which  the  data  were  ob- 
tained, but  the  tables  are  arranged  in  the  order  given  for  convenience 
of  discussion  and  because  of  relationships  brought  out  in  the  general 
discussion. 

119967°— 32 2 
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Table  7. — Chemical  composition  of  fractions  of  soil  colloids,  clay,  and  silt  from  a 
southern  chernozem,  Amarillo  silty  clay  loam,  horizon  2,  10-20  inches  depth 


Fraction  of 
whole  .soil 
(per  cent) 


19.1 
6.2. 
6.4. 
4.7. 

12.T 


Size 


<0.V 

Duplicate. 
Mean 

(0.1m-0.3m— 

•|  Duplicate. 

[Mean 

0.3/i-V 

Duplicate. 
Mean 

|1a>-5m 

•(Duplicate. 

[Mean 

|5/i-50m 

<  Duplicate. 

[.Mean 


O 
w 


Per  cent 
50.95 
50.86 
50.  91 
49.60 
49.  65 
49.63 
51.05 
51.00 
51.03 
57.98 
58.10 
58.04 
76.00 
75. 98 
75.99 


Per  cent 
8.50 
8.61 
8.56 
8.65 
8.70 
8.67 
7.41 
7.52 
7.46 
6.  16 
6.12 
6.14 
2.62 
2.61 
2.62 


O 


Per  cent 
22.95 
22.87 
22.91 
22.27 
22.23 
22.25 
22.13 
22.05 
22.09 
16.  54 
16.50 
16.52 
10.93 
10.  85 
10.89 


Molecular  ratio 


3.04 
3.03 
3.04 
3.03 
3.03 
3.03 
3.22 
3.22 
3.22 
4.80 
4.81 
4;  81 
10.  22 
10.26 
10.24 


0 


15.8 


15.4 


18.2 


25.  1 


76.8 


OS 


3.76 


3.77 


3.95 


5.94 


11.83 


Ob 


0.238 


.248 


.214 


.237 


.155 


6.65 


6.53 


6.70 


8.70 
"5.'72 


Fraction 

of  whole 

soil  (per 

cent) 


19.1 
6.2.. 
6.4. 
4.7. 
12.7 


Size 


(<0.!/i..-- 
■j  Duplicate 

[Mean 

0.1/1-0.3M- 
•|  Duplicate 

[Mean 

|0.3m-1ac--- 
■{  Duplicate 

[Mean 

II^x-Sm 

<  Duplicate 
[Mean 

I  Duplicate 
[Mean 


MgO 

CaO 

KjO 

Per  cent 

Per  cent 

Per  cent 

2.90 

1.72 

2.22 

2.82 

1.66 

2.17 

2.86 

1.69 

2.20 

2.69 

1.30 

2.98 

2.69 

1.30 

2.98 

2.69 

1.30 

2.98 

2.65 

1.36 

2.92 

2.60 

1.42 

2.92 

2.66 

1.39 

2.92 

1.69 

1.16 

3.27 

1.60 

1.18 

3.29 

1.65 

1.17 

3.28 

1.25 

.46 

2.85 

1.22 

.40 

2.84 

1.24 

.43 

2.85 

NasO 


TiOj 


Per  cent  Per  cent 


0.14 

0.46 

.18 

.46 

.16 

.46 

.28 

1.00 

.24 

1.00 

.26 

1.00 

.34 

.89 

.28 

.89 

.31 

.89 

.82 

1.25 

.93 

1.21 

.87 

1.23 

1.80 

1.01 

1.73 

1.00 

1.77 

1.00 

MnO 

PzOi 

Organic 
matter 

Per  cent 

Per  cent 

Per  cent 

0.10 

0.09 

1.67 

.10 

.09 

1..57 

.10 

.09 

1.62 

.12 

.18 

3.70 

.12 

.17 

3.81 

.12 

.18 

3.76 

.16 

.17 

4.27 

.16 

.16 

4.17 

.16 

.17 

4.22 

.20 

.26 

6.05 

.10 

.24 

6.08 

.20 

.25 

6.07 

.05 

.11 

2.94 

.05 

.10 

2.79 

.05 

.10 

2.87 

Com- 
bined 
water 


Per 


cent 
8.42 
8.48 
8.45 
7.16 
7.08 
7.12 
6.97 
7.13 
7. 05 
4.68 
4.73 
4.70 
.46 
.61 
.54 


The  data  presented  in  Table  7  show  the  chemical  composition  of 
the  fractions  of  the  second  layer  of  Amarillo  siltj'^  clay  loam.  The 
material  used  is  a  part  of  the  same  profile  sample  reported  on  by 
Anderson  and  Byers  (3).  It  is  a  representative  of  the  southern 
chernozems,  and  the  whole  profile  is  characterized  by  marked  uni- 
formity of  the  colloid,  in  particular  of  the  first  three  horizons,  in 
which  the  silica-sesquioxide  ratio  is  3.10,  3.09,  and  3.13,  respectiveh^ 
The  colloid  content  (< 0.002  mm),  as  shown  by  mechanical  analysis, 
is  23.9  per  cent  in  the  upper  layer  and  42.8  per  cent  in  the  stratum 
examined.  In  the  first  three  fractions  represented  in  Table  7,  31.7 
per  cent  was  extracted.  The  largest  fraction,  19.1  per  cent,  consists  of 
the  particles  of  smallest  size,  i.  e.,  smaller  than  0.1  micron. 

The  chemical  analyses  of  the  fractions  reveals  a  very  striking 
similarity  between  0.1-micron  and  0.3-micron  fractions.  The  silica- 
sesquioxide  ratios  arc  identical.  The  chief  difference  is  in  the  organic 
matter.  The  mean  value  of  the  organic  matter  is  4.02  per  cent,  and 
the  smaller  vahie  in  the  finest  fraction  indicates  a  low  degree  of  decom- 
position of  the  organic  matter,  a  fact  quite  in  harmony  with  the  low 
rainfall  of  the  region  in  which  this  soil  occurs.     There  is  a  moderate 
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difference  in  the  combined  water  of  the  finer  colloid  fractions,  which 
is  clearly  significant  of  a  higher  degree  of  hydration  of  the  finest 
particles.  Indeed  there  are  no  marked  differences  in  the  three  frac- 
tions of  colloid,  except  that  in  the  fraction  0.3  to  1  micron  the  slightly 
increased  silica-sesquio.xide  ratio,  the  silica-alumina  ratio,  and  the 
silica-iron  oxide  ratio  all  point  to  the  presence  of  quartz  particles  in 
colloidal  form,  especially  when  considered  in  the  light  of  the  enormous 
increase  in  these  ratios  in  the  clay  and  silt  fractions.  That  quartz  is 
present  in  the  clay  fraction  is  established  by  petrographic  microscopic 
inspection  by  W.  H.  Fry. 

In  this  colloid  there  is  some  indication  of  increase  in  the  iron-ox-ide 
content  of  the  finer  fractions  of  the  colloid,  as  indicated  by  the  silica- 
iron  oxide  ratio,  though  the  alteration  is  not  large.  The  change  of  ratio 
of  iron  oxide  to  the  alumina  also  indicates  a  slight  tendency  of  the 
iron  oxide  to  drift  to  the  finer  particles. 

All  these  ratios,  together  with  the  constancy  of  the  molecular  ratio 
of  the  silica  to  the  sum  of  the  bases  present  in  the  colloid  fractions, 
may  be  taken  to  indicate  in  tliis  colloid  the  presence  of  an  acid  complex 
of  constant  composition.  This  conclusion  is  in  harmony  with  the 
data  on  the  colloids  of  the  whole  profile  presented  by  Byers  an^d 
Anderson  (10). 

The  material  used  for  the  data  presented  in  Table  8  is  from  the 
surface  layer  of  the  soil  profile  of  Marshall  silt  loam,  on  which  data 
are  reported  by  Robinson  and  Holmes  (38)  and  also  by  Bj^ers  and 
Anderson  (10).  It  is  a  northern  prairie  soil  developed  under  much 
the  same  conditions  as  the  x\marillo  soil  but  with  a  sufficiently  high 
rainfall  to  prevent  the  accumulation  of  a  layer  of  calcium  carbonate. 
It  is  to  be  noted  that  this  is  a  surface  soil  material,  whereas  the 
Amarillo  is  a  lower  stratum.  With  this  in  mind  the  similarity  of 
the  two  colloids  is  strildng.  Although  the  Amarillo  soil  has  a  lower 
total  silica  content  than  the  Marshall,  the  colloid  of  the  Amarillo  is 
about  5  per  cent  higher.  This  fact,  coupled  with  the  small  but  definite 
increase  of  the  silica-sesquioxide  ratio  with  increasing  particle  size, 
may  be  taken  to  indicate  that  the  process  of  removal  of  silica  from  the 
finer  fractions  has  been  operative  as  the  process  of  weathering  has 
developed.  However,  leaching  has  not  been  extensive,  though  it  is 
sufficient  to  prevent  calcium  carbonate  accumulation. 

In  both  the  Amarillo  and  Marshall  soils,  the  silica-base  ratio  ^  does 
not  alter  sharply  until  the  clay-size  particles,  1  to  5  microns,  are 
reached,  and  it  is  of  essentially  the  same  order  of  magnitude.  This 
may  be  taken  to  indicate  the  same  type  of  acid  complex  in  both  soils. 
This  conclusion  is  also  in  harmony  with  the  general  similarity  of  the 
silica-iron  oxide  and  silica-alumina  ratios.  The  meaning  of  the  de- 
crease of  the  silica-base  ratio  in  the  0.3-micron  fraction  of  the  colloid 
is  not  clear. 

In  the  Marshall  soil,  there  is  a  smaller  quantity  of  organic  matter 
in  the  smaller  fractions  of  the  colloid  and  an  increased  combined 
water  content.  These  facts  again  point,  as  in  the  Amarillo  soil,  to 
greater  hydration  of  the  finer  fractions  of  inorganic  colloid  and  to  a 
less  degree  of  decomposition  of  the  organic  material. 

In  the  Marshall  colloid  fractions  there  is  a  small  but  definite 
decrease  in  the  relative  iron-oxide  content  of  the  coarser  particles, 

'  It  is  to  be  observed  that  the  silica-base  ratio  is  not  quite  valid  in  detailed  consideration  except  in  Tables  7 
and  8,  since  the  other  colloids  wore  extracted,  using  a  small  quantity  oi  ammonia,  thus  removing  a  portion 
of  exchangeable  bases. 
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which  becomes  marked  when  the  clay  size  is  reached.  This  is,  as  in 
the  case  of  the  Amarillo  soil,  to  be  expected  as  indicating  a  moie 
extensive  hydrolytic  decomposition  of  the  liner  particles. 

Table  8. — Chemical  composition  of  fractions  of  soil  colloids,  clay,  and  silt  from  a 
northern  prairie  soil,  Marshall  silt  loam,  0—14  inches  depth 


Fraction  of 
whole  soil 


Per  cent 
10.0 

4.6 

6.8.— 

6.3 -. 

27.2 


Size 


KO.lM--. 

■{Duplicate 

[Mean 

p.lM-0.3/1-. 
•(Duplicate 

iMean 

|0.3m-1m--- 
<  Duplicate 

[Mean 

1m-5a« 

•{Duplicate 

[Mean 

[6m-50m 

•(Duplicate 
IMean 


O 


Per  cevt 
45. 10 
45.05 
45.08 
44.30 
44.30 
44.30 
44.40 
44.50 
44.45 
51.20 
51.20 
51.20 
79.00 
79.20 
79.10 


Per  cent 
9.  C7 
9.07 
9.07 
8.76 
8.91 
8.83 
8.54 
8.67 
8.66 
7.00 
6.89 
6.94 
2.00 
1.97 
1.99 


O 


Per  cent 
22.20 
22.10 
22.15 
20.70 
20.69 
20.70 
19.62 
19.62 
19.62 
15.99 
16.01 
16.00 
9.44 
9.55 
9.49 


Molecular  ratio 


o 

c* 

< 

+ 

o 

e« 

S 

o 

t^ 

CQ 

2.73 
2.74 
2.74 
2.85 
2.85 
2.  85 
3.00 
3.00 
3.00 
4.24 
4.25 
4.25 
12.50 
12.45 
12.47 


'  9 
S 


13. 


13.4 


13.8 


19.6 

'loi's 


3.44 


3.62 


3.83 


5.42 

'ii'ii 


9.  P 


0.261 


.270 


.278 


.283 
."135 


6.76 


6.23 


6.61 


8.58 
'7.19 


Fraction 

of  wliole 

soil 


Per  cent 
10.0 

4.5 

6.8 

5.3 

27.2 


^ize 


(<0.1m— - 
<Duplicate 

IMean 

0.1m-0.3m- 
•^  Duplicate 
[Mean 

0,3/x-lM--- 

^Duplicate 

[Mean 

1»x-5m 

{Duplicate 
[Mean 

■{Duplicate 
[Mean 


MgO 

CaO 

KjO 

NajO 

TIOj 

MnO 

P2O5 

Organic 

matter 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

2.28 

1.76 

1.89 

0.16 

0.46 

0.29 

0.22 

7.69 

2.29 

1.72 

1.96 

.11 

.44 

.28 

.21 

7.58 

2.29 

1.74 

1.92 

.14 

.45 

.29 

.22 

7.64 

2.14 

1.92 

2.61 

.18 

.73 

.35 

.31 

10.34 

2.21 

1.98 

2.50 

.18 

.75 

.35 

.30 

10.25 

2.18 

1.95 

2.55 

.18 

.74 

.35 

.31 

10.29 

2.17 

1.49 

2.57 

.17 

.80 

.33 

.34 

11.75 

2.26 

1..5S 

2.52 

.16 

.78 

.33 

.33 

11.77 

2.22 

1.53 

2.55 

.17 

.79 

.33 

.34 

11.76 

1.74 

1.18 

2.87 

.33 

.99 

.23 

.43 

12.10 

1.68 

1.14 

2.94 

.35 

.96 

.20 

.44 

12.01 

1.71 

1.16 

2.90 

.34 

.98 

.22 

.44 

12.06 

.55 

.74 

2.51 

1.51 

.74 

.03 

.14 

2.03 

.65 

.70 

2.46 

1.47 

.73 

.03 

.10 

1.85 

.65 

.72 

2.49 

1.49 

.74 

.03 

.12 

1.94 

Cnm- 
binrd 
water 

Per  cent 
8.84 
9.12 
8.98 
7.35 
7.40 
7.38 
7.49 


28 
39 

41 

54 

48 

1.  15 

1.40 

1.27 


The  data  of  Table  10  show  the  composition  of  the  Bo  horizon  o^ 
Becket  silt  loam.  The  sample  examined  is  a  part  of  the  profile  sample 
reported  on  by  Anderson  and  Byers  (3).  The  Bi  horizon  is  a  very 
thin  highly  ferruginous  layer.  The  B2  horizon  was  chosen  for  this 
study  as  representing  a  more  nearly  normal  B- horizon  of  the  podzol 
type  and  because  an  abundance  of  the  sample  was  available. 

There  are  a  number  of  striking  contrasts  between  results  obtained 
with  the  podzol  B2  and  the  subsurface  soil  colloid  of  the  Amarillo 
soil  (Table  7)  and  the  surface  soil  colloid  of  the  Marshall  soil.  (Table 
8.)  The  silica  content  is  less  than  half  that  of  the  soils  mcnlioncd 
and  in  the  finest  fraction  (0.1  micron)  is  approxhuately  one-third. 
This  is  in  part  due  to  the  enormous  content  of  organic  matter,  but 
even  on  the  inorganic  basis  the  relative  quantities  of  the  three  cited 
constituents  taken  as  100  are  as  shown  in  Table  9  for  the  0.1-mircron 
fraction. 

The  variation  among  these  three  soils  is  obviously  iinirh  niore 
marked  in  the  iron  oxide  content  and  is  apparent  for  the  almuina. 
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The  wide  differences  in  the  character  of  the  colloid  are,  of  course, 
also  indicated  by  the  silica-sesquioxide  ratio,  the  silica-iron  oxide 
ratio,  and  the  silica-alumina  ratio. 

Table  9. —  The  relative  silica,  alumina,  and  iron-oxide  content  of  the  0.1  fx  frac- 
tion of  the  Becket,  Amarillo,  and  Marshall  colloids 


Components 

Becket 

Amarillo 

Marshall 

SijO                      .      -- 

32.63 
28.16 
39.22 

61.80 
10.39 
27.81 

60.23 

FeaOs       - 

12.12 

AljOj                               

27.65 

Table  10. — Chemical  composition  effractions  of  soil  colloids,  clay,  and  silt  from  a 
podzol,  Becket  silt  loam,  B2  horizon,  10-20  inches  depth 


of 

il 

t) 

Size 

0 
S 

0 

< 

Molecular  ratio 

Fraction 
whole  so 
(per  cen 

0 

w 

0 

< 
+ 
0 

S 

0 

0 

00 

0 

0 

<Q  \u 

Per  cent 
15.78 
15.78 
15.78 
22.23 
22.27 
22.25 
26.89 
27.00 
26.94 
28.50 
28.50 
28.50 
50.38 
50.22 
50.30 

Per  cent 
13.67 
13.57 
13.62 
11.89 
11.89 
11.89 
11.39 
11.39 
11.39 
11.55 
U.64 
11.60 
7.18 
7.21 
7.20 

Per  cent 
18.95 
18.96 
18.96 
20.99 
21.00 
21.00 
20.51 
20.62 
20.56 
20.42 
20.46 
20.44 
18.77 
18.92 
18.85 

0.97 
.97 
.97 
1.32 
1.32 
1.32 
1.64 
1.64 
1.64 
1.73 
1.73 
1.73 
3.65 
3.64 
3.65 

06 

1  Duplicate        -      

---- 

Mean.     

3.08 

1.41 

0.458 

3.60 

0 lu-0  3u 

0  8 

Dunlicate 

Mean 

4.96 

1.79 

.361 

4.04 

0  3/1-Im 

1.7 

^Duplicate    

Mean 

6.26 

2.21 

.352 

S.75 

1.9 

•j  Duplicate 

Mean 

6.52 

2.36 

.362 

5.44 

Su-.'iOu 

7.1 

■(Duplicate 

Mean 

18.55 

4.62 

.249 

7.74 

Fraction 

of  whole 

soil  (per 

cent) 

Size 

MgO 

CaO 

KjO 

NajO 

TiOj 

MnO 

PsOs 

Organic 
matter 

Com- 
bined 
water 

f<0 

I  Me 
10.1, 
■^Du 
I  Me 

0.3/ 
■^Du 
I  Me 

iM- 
-^Du 
I  Me 
(5;:- 

[Me 

All. 

Per  cent 
1.12 
1.16 
1.14 
1.26 
1.29 
1.28 
1.23 
1.23 
1.23 
1.38 
1.38 
1.38 
1.31 
1.32 
1.32 

Per  cent 

1.46 

1.44 

1.45 

1.33 

1.27 

1.30 

.78 

.74 

.76 

.89 

.85 

.87 

.63 

.58 

.60 

Per  cent 
1.26 
1.27 
1.27 
1.93 
1.88 
1.91 
2.61 
2.47 
2.49 
2.96 
2.75 
2.86 
4.22 
4.32 
4.27 

Per  cent 

0.31 

.31 

.31 

.37 

.36 

.37 

.49 

.44 

.47 

.42 

.42 

.42 

1.23 

1.14 

1.19 

Per  cent 

0.73 

.71 

.72 

.86 

.84 

.85 

.93 

.93 

.93 

.94 

.92 

.93 

1.10 

1.10 

1.10 

Per  cent 
0.07 
.07 
.07 
.11 
.11 
.11 
.08 
.08 
.08 
.07 
.07 
.07 
.07 
.07 
.07 

Per  cent 
0.55 
.66 
.56 
.49 
.47 
.48 
.27 
.27 
.27 
.27 
.28 
.28 
.04 
.04 
.04 

Per  cent 
33.45 
33.30 
33.37 
29.21 
29.28 
29.25 
25.55 
25.38 
25.46 
23.00 
23.36 
23.18 
9.68 
9.57 
9.63 

Per  cent 
12.56 

0.6 

plicate 

an  ..     

12.70 
12.63 

1-0.3/1 

9.59 

0.8 

plicate.- 

an 

9.43 
9.51 

1-1/1 

9.13 

1.7 

plicate 

an 

9.42 
9.28 

5/1       .     .    .. 

9.45 

1.9 

plicate 

an 

9.04 
9.26 

50/1         

5.52 

7.1 -.. 

plicate 

an. 

6.56 
6.64 

There  is  in  the  Becket  soil  a  much  more  pronounced  segregation  of 
iron  oxide  in  the  direction  of  the  smaller  particle  sizes  and  this  segre- 
gation is  evidenced  also  in  the  distribution  of  the  alumina. 

The  sharp  differentiation  which  occurs  in  the  Amarillo  and  the 
Marshall  soils  between  the  largest  colloid  particles  and  clay  does  not 
appear  in  the  Becket  soil  until  the  silt  size  is  reached,  and  even  here 
the  contrast  is  not  so  great.  The  relation  between  the  total  base  con- 
tent and  the  silica  in  the  Becket  is  of  considerable  interest.    The  ratio 
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is  smaller  than  in  the  more  nearly  saturated  colloids  and  alters  rapidly 
with  increasing  particle  size.  This  condition  is  probably  due  to  the 
enormous  organic  content  and  does  not  indicate  even  a  close  approach 
to  saturation  of  the  colloid  acid  complex.  The  pH  value  for  this  soil 
is  4.1  and  the  base  saturation  is  but  16.8  per  cent  (3).  The  organic- 
matter  content  is  greatest  in  the  finest  particles,  which  is  in  contrast 
with  the  Amarillo  and  Marshall  colloids.  Since  the  Becket  profile 
has  a  much  greater  organic  content  in  the  B  horizon  than  in  the 
bleicherde  (10),  the  inference  may  be  drawn  that  not  only  is  the  or- 
ganic matter  of  the  Becket  soil  decomposed  to  an  advanced  degree, 
but  that  it  has  been  carried  down  through  the  profile  in  intimate 
association,  perhaps  chemical  combination,  with  the  iron  of  the 
colloid.  That  it  exists  in  the  B  horizon  in  chemical  combination  does 
not  follow.     (See  General  Discussion.) 

Table  11. — Chemical  composition  of  fractions  of  colloids,  clay,  and  silt  from  a 
lateritic  soil,   Davidson  clay  loam,  Bi  horizon,  9-36  inches  depth 


Fraction  of 
whole  soil 


Size 


Per  cent 


14.0. 


26.9. 


7.5. 


3.4. 


6.0. 


12.6- 


f<0.1/x 

■(Duplicate. 
lMe;m 

<0.3m 

■fDuplicate. 

IMean 

\0.3ii-lfi 

■{Duplicate. 
[Mean 

U-2^ 

Duplicate. 

M  ean 

(2m-5/i 

•{Duplicate. 

[Mean 

|5m-50/i 

■{Duplicate. 
[Mean 


O 


Per  cent 
36.05 
3G.05 
36.05 
36.13 
36.20 
36.17 
36.65 
36.75 
36.70 
39.75 
39.80 
39.78 
49.38 
49.30 
49.34 
63.40 
63.35 
63.37 


O 

s 


Per  cent 

15.44 

15.00 

15.52 

16.05 

15.90 

15.98 

14.72 

14.69 

14.71 

12.26 

12.30 

12.28 

8.51 

8.53 

8.52 

6.52 

6.51 

6.52 


O 


Per  cent 
32.02 
31.87 
31.95 
31.49 
31.43 
31.46 
30.73 
30.86 
30.80 
30.30 
30.22 
30,26 
27.53 
27.47 
27.50 
19.77 
19.73 
19.75 


Molecular  ratio 


1.46 
1.46 
1.46 
1.47 
1.47 
1.47 
1.55 
1.55 
1.55 
1.77 
1.77 
1.77 
2.83 
2.53 
2.53 
4.41 
4.42 
4.42 


-|0 


6.21 


6.00 


6.61 


8.60 


15.37 
'25."80' 


Oi_jj 


1.91 


OjO 
»  — 


0.308 


1.94 


2.01 


2.22 


3.27 
"5.'43 


.324 


.304 


19.71 


22.27 


24.18 


.259 


.198 
.'210 


29.85 


23.85 
'42.'22 


Fraction 

of  whole 

soil 


Per  cent 
14.0 

26.9 

7.6 

3.4 

6.0 

12.6 


Size 


KO.lM 

■^Duplicate.. 

[Ivleiin 

|<0.3m 

■^Duplicate.. 
[Mean 

0.3/i-lM 

Duplicute.- 

Mean 

1/^-2/1- 

Duplicate.. 

Moan 

I-V-5M 

ujuplicate.. 
[Moan 

5>i-50»i 

Duplicate.. 

Mean 


MgO 


Per  cent 
0.05 
.65 
.05 
.51 
.50 
.51 
.52 
.49 
.51 
.69 
.65 
.67 
.73 
.80 
.77 
.60 
.58 
.59 


CaO 


Per  cent 
0.00 
.62 
.61 
.69 
.62 
.60 
.61 
.09 
.65 
.38 
.31 
.35 
.18 
.  18 
.18 
.16 
.12 
.14 


KjO 


Per  cent 

0,34 

.35 

.35 

.34 

.32 

.33 

.66 

.56 

.60 

.90 

.86 

.88 

1.05 

1.01 

1.03 

.73 

.70 

.72 


NajO 


Per  cent 
0.23 
.25 
.24 


.15 
.13 
.  14 
.08 
.13 
.11 


TiOj 

MnO 

P2OS 

Organic 
matter 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

0.50 

0.13 

0.19 

2.00 

.58 

.13 

.17 

2.05 

.57 

.13 

.18 

2.  0(i 

.81 

.07 

.13 

1.45 

.83 

.08 

.14 

1.49 

.82 

.08 

.14 

1.47 

1.46 

.07 

.19 

1.30 

1.40 

.07 

.18 

1.29 

1.43 

.07 

.19 

1.30 

1.70 

.08 

.28 

1.  m 

1.74 

.09 

.29 

1.44 

1.75 

.09 

.29 

1.47 

1.81 

.04 

.10 

1.40 

1.81 

.04 

.  10 

1.51 

1.81 

.04 

.10 

1.40 

1.51 

.08 

.02 

.78 

1.51 

.08 

.02 

.70 

1.61 

.08 

.02 

.77 

Com- 
bined 
water 


Per  cent 

12.04 

11.94 

11.99 

12.24 

12.  32 

12.  28 

12.92 

12.93 

12.93 

11.80 

11.80 

11.83 

9.86 

9.81 

9.83 

6.99 

7.01 

7.00 
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In  Table  11  are  shown  the  analytical  data  for  the  fractions  of  the 
Bi  horizon  of  Davidson  clay  loam.  This  sample  is  a  part  of  the  same 
profile  reported  by  Middleton  (22).  The  soil  is  a  mature  red  soil  from 
the  piedmont  area  and  is  highly  lateritic,  as  indicated  by  the  silica- 
sesquioxide  ratio.  The  iron  oxide  content  of  the  soil  is  high.  In  the 
A  horizon  it  is  6.1  per  cent;  in  the  Bi  horizon,  10.62  per  cent;  in  the  B2 
horizon,  14.87  per  cent;  and  in  the  C  horizon,  13.37  per  cent  (22). 
While  this  marked  alteration  of  the  iron  oxide  content  within  the 
profile  is  occurring,  the  change  in  the  alumina  content  of  the  Bi  and  B2 
horizons  alters  but  0.18  per  cent.  These  facts  indicate  clearly  a  dis- 
tinct transfer  of  iron  oxide  from  the  surface  soil  to  the  lower  part  of 
the  profile,  although  to  less  marked  extent  than  in  the  Becket  and 
Superior  podzols  examined  by  Anderson  and  Byers  (3).  A  much  less 
distinctly  marked  alteration  of  alumina  content  occurs  in  the  soils. 

In  accord  with  this  behavior  of  the  soils  a  distinct  concentration  of 
iron  oxide  is  found  in  the  finer  part  of  the  colloid,  as  indicated  by  the 
silica-iron  oxide  ratios  of  6.61  and  6.00  for  the  0.3  to  1-micron  and 
below  0.3-micron  fractions.  (It  is  to  be  noted  that  in  Table  10  the 
0.3-micron  fraction  includes  the  material  below  0.1  micron.)  This 
alteration  of  the  iron-oxide  content  is  less  marked  than  in  the  Becket 
colloid.  The  fact  that  a  corresponding  concentration  of  alumina  in 
the  finer  fraction  does  not  occur  is  shown  by  the  iron  oxide-alumina 
ratios  0.324  and  0.304.  Wlien  these  facts  are  considered  in  the  light 
of  the  corresponding  data  of  Table  9  and  those  given  for  the  B2  horizon 
of  Cecil  clay  loam  (Table  12)  and  for  the  profile  of  the  same  soil 
reported  by  Denison  (14),  it  is  difficult  to  avoid  the  conclusion  that 
iron  oxide  is  carried  from  the  upper  to  lower  levels  in  a  very  fine  state 
of  subdivision,  or  possibly  in  true  solution,  with  organic  acids  of  the 
humus  type.  That  alumina  is  not  so  transferred,  or  at  least  is  not 
deposited,  is  also  clear.  The  close  approach  of  the  silica-alumina 
ratio  to  2.0  in  the  colloid  fractions  indicates  the  presence  in  the  colloid 
of  but  little  free  alumina  and  that  the  "laterization"  of  the  colloid 
is  confined  largely,  if  not  wholly,  to  the  iron  compounds  of  the  soil 
material. 

The  extremely  high  silica-base  ratios  are  of  marked  interest  because 
they  indicate  the  high  degree  of  leaching  which  has  taken  place.  It 
would  appear,  however,  that  the  silica-alumina  ratio  should  indicate 
a  fair  base-exchange  capacity.  The  base-exchange  capacity  of  this 
profile  has  been  shown  by  Anderson  and  Byers  (5)  to  be  0.183,  0.126, 
and  0.158  milliec{uivalents  for  the  A,  Bj,  and  B2  horizons,  respectively. 
This  is  in  marked  contrast  with  a  true  ferruginous  laterite,  Nipe  clay, 
which  has  nearly  zero  base-exchange  capacity  (10). 

In  this  colloid  a  distinct  accumulation  of  organic  matter  is  found  in 
the  finer  fractions,  but  this  accumulation  is  relatively  and  in  quantity 
not  quite  so  great  as  in  the  podzol  (Table  9)  and  is  not  associated 
with  so  large  an  alteration  of  the  content  of  combined  water.  No 
very  definite  conclusions  are  to  be  based  on  data  so  quantitatively 
uncertain  as  are  the  organic  and  combined  water  values  (5),  but  it 
seems  probable  that  these  differences  are  to  be  associated  with  the 
mean  annual  temperatures  under  which  these  soils  have  been 
developed. 
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Table  12  contains  the  data  on  the  chemical  composition  of  the  size 
fractions  of  the  colloid  of  a  Ba  horizon  of  a  Cecil  clay  loam  from 
North  Carolina.  It  is  derived  from  the  same  profile  but  not  the  same 
sample  reported  by  Denison  {If).  It  is  a  more  liighly  laterized  soil 
than  the  Davidson,  and  the  soil  material  is  disintegrated  to  a  much 
greater  depth.  The  profile  analyses  of  the  colloid  show  close  simi- 
larity to  the  extensive  investigation  of  Cecil  colloids  as  reported  by 
Holmes  and  Edgington  {17). 

Table  12. — Chemical  composition  of  fractions  of  soil  colloids,  clay,  and  silt,  from  a 
laleritic  soil,  Cecil  clay  loam,  Bj  horizon,  36-72  inches  depth 


Fraction  of 
whole  soil 
(per  cent) 


1.4 
2.5 
1.0 
1.4 
9.5 


Size 


f<0.1pL.— 

•(Duplicate 

[Mean 

0.1^-0.3/1.. 
•(Duplicate 
[Mean 

■{  Duplicate 
[Mean 

•(  Duplicate 

[Mean 

(5^-50/1 

•(Duplicate 
[Mean 


O 
m 


Per  cent 
33.83 
33.72 
33.78 
34.04 
34.25 
34.15 
35.80 
35.78 
35.79 
37.20 
37.21 
37.21 
41.50 
41.40 
41.45 


fL, 


Per  cent 
15.50 
15.52 
15.51 
13.02 
13.01 
13.02 
11.00 
11.00 
11.00 
10.55 
10.59 
10.57 
8.00 
8.20 
8.10 


O 


Per  cent 
32.17 
32.25 
32.21 
34.26 
34.04 
34.15 
32.29 
32.24 
32.27 
33.71 
33.61 
33.66 
33.73 
33.93 
33.83 


Molecular  ratio 


1.37 
1.35 
1.36 
1.35 
1.37 
1.36 
1.54 
1.54 
1.54 
1.58 
1.56 
1.57 
1.81 
1.79 
1.80 


2  s 


5.78 


6.96 


8.77 


9.35 
"13."  58 


Ops 


1.77 


1.67 


1.87 


1.87 
"2."67' 


OO 


0.307 


.243 


21.91 


28.56 


217         21.23 


.200 
.'153" 


17.23 


16.17 


Fraction 

of  whole 

soil  (per 

cent) 


1.4 


2.5 


Size 


KO.lM- 

^Duplicate 

[Mean 

(0.1m-0.3m 

•(Duplicate 

[Mean 

10.3m-1m 
Duplicate 
Mean 
1/1-5/1 
Duplicate 
Mean 

;  [5/1-50/1. 

9.5 '<  Duplicate 

i[Mean 


MgO 


CaO 


KiO 


Per  cent 
0.43 
.40 
.42 
.33 
.35 
.34 
.51 
.51 
.61 
.81 
.76 
.79 
.79 
.75 
.77 


Per  cent 
0.41 
.41 
.41 
.31 
.35 
.33 
.42 
.41 
.42 
.48 
.43 
.45 
.34 
.34 
.34 


Per  cent 

0.36 

.37 

.36 

.27 

.26 

.27 

.44 

.42 

.43 

.68 

.72 

.70 

1.17 

1.19 

1.18 


NasO 


Per  cent 
0.24 
.23 
.24 
.13 
.15 
.14 
.20 
.20 
.20 
.00 
.01 
.01 
.29 
.28 
.29 


TiOj 


Per  cent 

0.94 

.92 

.93 

1.12 

1.  14 

1.13 

1.46 

1.48 

1.47 

.84 

.78 

.81 

1.25 

1.25 

1.25 


MnO 


Per  cent 
0.24 
.23 
.23 
.21 
.21 
.21 
.24 
.24 
.24 
.20 
.18 
.19 
.13 
.13 
.13 


P30, 

Organic 
matter 

Per  cent 

Per  cent 

0.29 

3.33 

.31 

3.52 

.30 

3.43 

.30 

3.65 

.31 

3.58 

.31 

3.02 

.50 

4.89 

.52 

4.91 

.51 

4.90 

.65 

2.59 

.70 

2.71 

.68 

2.05 

.62 

1.16 

.62 

1.03 

.62 

1.10 

Com- 
bined 
water 


Per  cent 
12.71 
12.54 
12.62 
12.73 
12.77 
12.75 
11.99 
12.05 
12.02 
12.20 
12.10 
12.15 
11.80 
11.97 
11.88 


Here  the  evidence  of  podzolization  as  shown  by  increase  of  the 
silica-iron  o.xide  ratio,  silica-alumina  ratio,  and  by  the  change  of  the  fer- 
ric o.xide-ahimina  ratio  in  colloid  fractions  is  also  found,  as  was  also 
shown  by  Bycrs  and  Anderson  {10)  for  the  A  and  B  horizons  of  the  pro- 
files of  Cecil  soils  in  general.  In  accordance  with  these  properties  of  the 
colloid  of  the  Cecil  profile  distinct  alteration  of  colloidal  properties 
with  colloichil  size  arc  found.  (Ta])le  11.)  As  with  the  Davidson 
colloid,  the  silica-alumina  ratio  is  fairly  close  to  2.0  and  increases 
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gradually  toward  the  coarser  particles.  The  schist  from  which  the 
soil  is  formed  contains  but  little  quartz,  and  hence  there  is  not  the 
sudden  increase  of  the  various  silica  ratios  as  the  clay  and  silt  sizes 
are  reached.  The  analyses  of  both  silt  and  clay  fractions  indicate 
unquestionably  the  presence  of  increasing  quantities  of  undecomposed, 
or  onh^  partly  decomposed,  schistose  material.  In  this  colloid  no 
marked  alteration  of  the  organic  content  or  of  the  combined  water 
occurs,  and  in  this  respect  it  resembles  the  behavior  of  the  colloids  of 
the  Amarillo  and  Marshall  soils.  It  is  probable  that  this  fact  is  due  in 
part  to  the  extremely  deep  and  porous  character  of  the  profile,  which 
allows  the  finely  divided  material  to  penetrate  to  greater  depths  before 
deposition. 

The  very  high  silica-base  molecular  ratios  show  the  soil  to  be 
extremely  highly  leached,  despite  the  relatively  high  organic  content 
which  might  be  expected  to  aid  the  retention  of  the  bases. 

In  Table  13  are  presented  data  from  the  C3  horizon  of  a  lateritic  soil, 
Durham  sandy  loam,  from  near  Stone  Mountain,  Ga.  It  is  the  decom- 
position material  from  granite,  and  the  decay  has  proceeded  suffi- 
ciently far  for  rather  complete  disintegration  of  the  rock.  The  profile 
is  the  same  as  that  on  which  data  are  reported  by  Denison  {14)y  but 
the  sample  is  not  identical.  The  soil  is  derived  from  a  rock  low  in 
iron,  and  the  colloid  is  therefore  low  in  iron  oxide,  though  there  is  a 
much  larger  amount  in  the  colloid  than  in  the  whole  soil.  The  value 
of  the  silica-alumina  ratio  indicates  a  mature  soil,  as  does  also  the 
extremely  extensive  removal  of  the  bases.  On  the  other  hand,  the 
rapid  increase  in  the  potassium  content  of  the  coarser  particles  indi- 
cates the  presence  of  much  undecomposed  micaceous  or  feldspathic 
material.  The  presence  of  these  is  confirmed  by  petrographic  exami- 
nation. The  presence  of  such  relatively  large  amounts  of  organic 
material  at  so  great  a  depth  and  its  failure  to  be  present  in  increased 
quantity  in  the  finer  fractions  indicates  the  transfer  of  considerable 
material  from  the  upper  soil  strata  and  that  it  probably  acts  as  a 
cementing  material  to  hmit  the  ease  of  dispersion.  In  the  analytical 
data  the  fraction  below  0.3  micron  includes  the  finer  fraction  below 
0.1  micron.  The  relatively  high  combined  water  also  indicates  the 
presence  of  h3^drated  oxides  or  colloidal  mica.  It  is  with  these  facts 
in  mind  that  the  authors  hazard  the  opinion  that  this  material  consists 
in  part  of  raw  colloid  of  high  silica-sesquioxide  ratio,  formed  in  place 
and  in  part  of  completely  laterized  material  carried  down  from  the 
upper  strata.  This  assumption  is  in  harmony  with  the  data  presented 
by  Denison  (14)  on  a  different  sample  of  the  same  soil,  though  the 
silica-sesquioxide  ratio  for  the  corresponding  horizon  in  that  sample 
is  much  less  than  in  the  present  one,  and  the  organic  and  combined 
water  content  are  correspondingly  greater. 

119967°— 32 3 
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Table  13. — Chemical  composition  of  fractions  of  soil  colloids,  clay,  and  silt,  from 
a  lateritic  soil,  Durham  sandy  loam,  Cj  horizon,  90-102  inches  depth 


Fraction  of 
whole  soil 
(per  cent; 


10.7  . 
20.5  - 
2.9.  . 
2.9--- 
6.5--. 


Size 


f<0.lM---- 

<  Duplicate 

[Mean 

(<0.3,...- 
I.  Duplicate 

[Mean 

(0.3m-1m--- 

<  Duplicate 
[Mean 

|1m-V 

<  Duplicate 

[iVIean 

(5/X-50M.--- 
•1  Duplicate 
[Mean 


o 


Per  cent 
41.38 
41.50 
41.44 
41.57 
41.53 
41.55 
40.13 
40.13 
40.13 
39.39 
39.37 
39.38 
48.73 
48.80 
48.77 


fc 


Per  cent 
3.57 
3.67 
3.62 
3.56 
3.54 
3.55 
3.15 
3.20 
3.17 
3.46 
3.39 
3.43 
2.28 
2.36 
2.32 


O 

< 


Per  cent 
37.90 
38.00 
37.95 
39.15 
39.38 
39.27 
39.38 
39.48 
39.43 
37.39 
37.44 
37.42 
33.22 
33.17 
33.20 


Xtlolecular  ratio 


,0) 

II 


O 


1.75 
1.75 
1.75 
1.70 
1.69 
1.70 
1.C4 
1.64 
1.64 
1.69 
1.68 
1.68 
2.  38 
2.38 
2.38 


2R 

m]:^ 


qb 


30. 32         1. 85       0. 060 


31.06 


1.79 


3.  59         1.  74 


.057 


.051 


I     30. 66         1.  78 


52.  50  :      2.  45 


.058 
."045' 


30.8 


27.0 
'20.'0 


14.3 
"i5."2 


Fraction 

of  whole 

soil  (per 

cent) 


10.7 

20.5 
2.9. 
3.9. 
6.5. 


Size 


MgO 


CaO 


Per  cent 

f<0.lM 0.54 

"•  .55 

.65 
.41 
.37 
.39 
.43 
.43 
.43 
.65 
.68 
.67 
.53 
.50 
.52 


<Duplicate. 

[Mean 

(<0.3m 

^Duplicate. 

iMean 

(0.3a.- lu 

{Duplicate. 

[Mean 

|1m-5a. 

{ Duplicate - 
[Mean 

•JDuplicati 
[Mean 


Per  cent 
0.44 
.45 
.45 
.23 
.25 
.24 
.33 
.31 
.32 
.45 
.45 
.45 
.46 
.45 
.46 


KjO 


NajO  I    TiOj 


Per  cent  Per  cent 


0.50 

.52 

.51 

.66 

.66 

.66 

.97 

.97 

.97 

1.42 

1.39 

1.40 

2.37 

2.45 

2.41 


0.29 
.24 
.27 
.30 
.32 
.31 
.36 
.40 
.38 
.45 
.48 
.47 
.48 
.46 
.47 


Per  cent 
0.31 
.29 
.30 
.39 
.39 
.39 
.43 
.43 
.43 
.41 
.41 
.41 
.36 
.36 
.36 


MnO 


Per  cent 
0.03 
.03 
.03 
.03 
.02 
.03 
.06 
.06 
.06 
.04 
.05 
.05 
.05 
.05 
.05 


P2OJ 


I  Organic 
I  matter 


Per 
0. 


cent  Per 
1. 13  J      1 


.12 
.13 
.03 
.03 
.03 
.10 
.10 

.10 
.24 
.22 
.23 
.20 
.21 
.21 


cent 

..39 

.38 

.39 

.98 

.91 

.94 

.93 

87 

90 
.30 

37 

34 

53 

56 

55 


Com- 
bined 
water 


Per  cent 
13.50 
13.53 
13.52 
13.48 
13.47 
13.48 
13.58 
13.68 
13.63 
13.08 
12.77 
12.93 
10.51 
10.39 
10. 4S 


The  soil  fractions  represented  by  the  data  in  Table  14  are  derived 
from  the  C4  horizon  of  a  Cecil  sandy  clay  loam  from  De  Kalb  County, 
Ga.  It  is  from  tho  same  location  as  the  profile  reported  by  Denison 
{14)  but  is  a  different  sample.  The  profile  is  that  of  a  highly  developed 
laterite  in  which  the  weathering  of  the  micaceous  schist  has  pene- 
trated to  considerable  depth.  The  soil  material,  making  ap  the  vari- 
ous layers  of  the  C  horizon,  consists  of  numerous  wa^^^  bands  of 
material  of  dilferent  colors.  The  material  represented  in  Table  14 
consists  of  several  such  bands.  The  anal3'ses  of  the  colloidal  fractions 
indicate  a  very  high  degree  of  weathering,  even  at  a  depth  of  more 
than  112  inches.  The  totid  colloid,  as  estimated  by  mechanical 
analysis,  (2  microns  and  less)  is  but  1.7  per  cent  (Table  3),  and  of 
this  quantity  88  per  cent  (1.5  per  cent  of  the  sod)  is  represented  in  the 
analytical  data  and  approximately  two-thirds  of  it  in  the  fractions 
i)elow  0.3  micron.  Although  the  colloid  of  this  i)rorilc  contains  a 
considerable  quantity  of  iron  oxide,  its  concentration  is  greatest  in 
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the  very  fine  fraction.  That  this  content  of  iron  oxide  is  greater  in 
the  fraction  between  0.3  and  1  micron  is  perhaps  due  to  the  difficulty 
in  dispersing  the  incipient  "iron"  concretions  observable  in  larger 
sizes  in  soils  of  the  general  character  of  the  Cecil  series.  Attention  is 
also  called  to  the  fact  that  although  the  silica-sesquioxide  ratio  indi- 
cates a  highly  laterized  colloid,  the  silica-ahnnina  ratio  closely  ap- 
proaches that  of  kaolin.  If  the  considerations  presented  later  are 
accepted  as  well  gi'ounded,  this  may  be  taken  to  indicate  that  prac- 
tically all  the  iron  content  of  the  soil  is  present  as  the  sesquioxide 
and  that  most  of  the  aluminium  is  present  as  alumino  silicate.  The 
high  organic-matter  content  of  this  deep-lying  material  is  to  be 
taken  as  evidence  that  the  source  of  at  least  a  large  part  of  the  colloid 
is  from  the  overlying  strata.  The  extreme  poverty  of  the  colloid 
of  the  finer  fractions  in  bases  is  in  accord  with  this  assumption. 

Table  14.- — Chemical  composition  of  fractions  of  soil  colloids,  clay,  and  sill  from 
a  lateriiic  soil,  Cecil  sandy  clay  loam,  C  t  horizon,  180-196  inches  depth 


Size 

o 

O 

•* 

O 
< 

Molecular  ratio 

Fraction  of 
whole  soil 
(per  cent) 

o 

O 

<; 
+ 
5 

(£' 

r  9. 

O 

O 

O  o 

O 

O 

i-' 

[<0.1m 

Per  cent 
33.  88 
33.  84 
33.86 
38.66 
38.60 
S8.  63 
3.5.06 
35.04 
35.05 
34.64 
34.50 
34.57 
41.91 
41.91 
41.91 

Per  cent 
14.15 
14.16 
14.16 
9.21 
9.18 
9.20 
13.92 
13.94 
13.93 
18.44 
18.25 
18.35 
11.15 
11.19 
11.17 

Per  cent 
30.  34 
30.33 
30.33 
33.55 
33.42 
33.48 
29.75 
29.  73 
29.74 
29.  30 
29.49 
29.40 
30.02 
29.97 
30.00 

1.46 
1.46 
1.46 
1.67 
1.67 
1.67 
1.54 
1.53 
1.54 
1.43 
1.42 
1.43 
1.91 
1.91 
1  91 

0.3 

•^Duplicate...  ...  ... 

iMean 

0.1m-0.3/i 

6.35 

1.89 

0.297 

27.11 

.8      

■<  Duplicate 

[Mean 

0.3/j-l/j..- 

11.14 

1.95 

.175 

26.30 

.4    

■{  Duplicate . 

Mean 

6.69 

1.99 

.292 

13  77 

f]/i— 5/i_  

.8    

<  Duplicate 

Mean     

4.96 

1.99 

.400 

10  14 

5/1-50^ 

4.0    

Duplicate .  ... 

Mean 

9.97 

2.  3R 

.237 

9.  98 

Fraction 

of  whole 

soil  (per 

cent) 


0.3. 
.8 
.4 
.8 

4.0 


Size 


(<0.1m 

Duplicate. 
Mean 

0.1;u-0.3m... 

Duplicate. 

Mean 

0.3m-1m 

Duplicate. 

Mean 

iM-S/i 

Duplicate. 

.Mean 

5ii-50ii 

Duplicate. 
.Mean 


MgO 


Per  cent 

0.  65 
.65 
.65 
.55 
.57 
.56 

1.  05 
I.  03 
1.04 
1.  40 
1.32 
1.36 
1.  60 
1.55 
1.58 


CaO 


Per  cent 
0.43 
.39 
.41 
.39 
.39 
.39 
.51 
.45 
.48 
..34 
.36 
.35 
.38 
.3S 
.38 


K2O 


Per  cent 

0.56 

.53 

.55 

.79 

.78 

.79 

.42 

.44 

.43 

1.26 

1.30 

1.28 

1.91 

1.76 

1.83 


NajO 


Per  cent 
0.14 
.13 
.14 
.05 
.08 
.06 
.21 
.28 
25 
.20 
.13 
.17 
.31 
.21 
.26 


TiOi 


Per  cent 

0.80 

.80 

.80 

.64 

.64 

.64 

.99 

1.01 

1.00 

1.22 

1.24 

1.23 

1.05 

1.07 

1.06 


MnO 

PjOj 

Organic 
matter 

Per  cent 

Per  cent 

Per  cent 

0.54 

0.20 

6.86 

.56 

.22 

6.71 

.65 

.21 

6.79 

.32 

.30 

3.86 

.32 

.28 

3.81 

.32 

.29 

.3.84 

.66 

.39 

5.09 

.56 

.40 

5.15 

.56 

.40 

5.12 

.62 

.44 

3.08 

.62 

.42 

2.90 

.62 

.43 

2.99 

.42 

.18 

1.65 

.40 

.17 

1.68 

.41 

.18 

1.66 

Com- 
bined 
water 


Per  cent 
11.68 
11.75 
11.72 
11.94 
12.04 
11.99 
11.91 
11.80 
11.85 
11.77 
11.95 
11.86 
10.05 
10.03 
10.04 
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Table  15. — Chemical  composition  of  fractions  of  colloids,  silt,  and  clay,  from  Cecil 
clay  loarn,  C3  horizon,  112-\-  inches  depth 


Size 

0 

0 

< 

Molecular  ratio 

Fraction  of 
whole  soil 
(per  cent) 

0 

0 

1 

+ 
0 

< 

0 

0 
S 

m  < 

§.5 

o3 

X5 

"3 
0 

Eh 

<0.]m- - - 

Per  cent 
13.95 
14.10 
14.02 
13.01 
13.06 
13.04 
15.47 
15.  58 
15.52 
19.  78 
19.  82 
19.80 
34.70 
34.69 
34.70 

Per  cent 
2.03 
2.02 
2.03 
1.89 
1.81 
1.85 
2.48 
2.45 
2.47 
4.11 
4.11 
4.11 
7.26 
7.22 
7.24 

Per  cent 
53.08 
53.  02 
63.05 
56.75 
56.  .56 
66.65 
61.73 
51.66 
51.69 
45.73 
45.84 
45.78 
35.33 
35.40 
35.36 

0.436 
.443 
.4.39 
.374 
.378 
.376 
.484 
.489 
.487 
.692 
.694 
.693 
1.47 
1.47 
1.47 

2.6 

Duplicate 

Mean      

1.83 

0.46 

0.024 

7.24 

<0  3fi 

5.2 

■  Duplicate..-  

Mean .-  . 

1.87 

.39 

.021 

16.93 

0  3/i-lji.. 

2.9 

■  Duplicate .- 

Mean 

i.66 

.51 

.031 

10.38 

39 

■  DuDlicat6 

Mean ..  . 

1.28 

.73 

.055 

8.14 

5>i-50ai .. 

69 

Duplicate 

Mean     

1.27 

1.66 

.130 

9.61 

Fraction 

of  whole 

soil  (per 

cent) 


2.6 
5.2 
2.9 
3.9 
6.9 


Size 


f<0.lM--- 
Duplicate 

[Mean 

<0.3m..-- 
Duplicate 

[Mean 

f0.3M-lM  -- 
Duplicate 
Mean 

'lM-5/i 

Duplicate 
Mean 

'5m-50m  -  -  - 
Duplicate 

.Mean 


MgO 


Per  cent 

0.  4S 

.46 

.47 

.34 

.35 

.34 

.51 

.53 

.62 

.89 

.91 

.90 

1.25 

1.26 

1.25 


CaO 


Per  cent 
0.60 
.62 
.61 
.35 
.37 
.36 
.63 
.61 
.62 
.41 
.39 
.40 
.47 
.47 
.47 


KjO 


Per  cent 

0.22 

.20 

.21 

.26 

.26 

.26 

.46 

.43 

.44 

.74 

.72 

.73 

1.56 

1.56 

1.56 


NajO 


Per 

0, 


cent 
I.  19 
.22 
.21 
.  17 
.15 
.  16 

.as 
.37 

.38 
.21 
.  16 
.  19 
.29 
.27 
.28 


Ti02 


Per 

0. 


cent 
4S 
.46 
.47 
.35 
.35 
.35 
.41 
.43 
.43 
.49 
.49 
.49 
.93 
.91 
.92 


MnO 


Per  cent 
0.31 
.33 
.32 
.16 
.16 
.16 
.08 
.08 
.08 
.17 
.16 
.  16 
.16 
.17 
.17 


PjO. 


Per  cent 

1.  L'.S 

1.06 

1.06 

.76 

.78 
.77 
.85 
.86 
.86 
.87 
.86 
.87 
.78 
.79 
.78 


Organic 
matter 


Per  cent 

4.02 


2.73 
2.74 
2.74 
4.56 
4.56 
4.66 
5.80 
5,77 
5.79 
2.51 
2.  54 
2.53 


Com- 
bined 
water 


Per  eerit 
23.80 


24.39 
24.30 
24.  35 
22.89 
22.96 
22.92 
20.40 
20.40 
20.40 
14.35 
14.11 
14.23 


The  analytical  data  presented  in  Table  15  are  derived  from  the  C3 
horizon  of  the  same  profile  sample  as  the  B2  horizon  which  is  the  source 
of  the  data  of  Table  12.  The  data  given  for  this  horizon  by  Denison 
(l/f)  are  derived  from  the  same  locality  but  from  a  different  sample. 
It  is  to  be  observed  that  this  Cecil  soil  is  presumably  derived  from 
gneiss,  whereas  the  soil  represented  by  Table  14  is  derived  from 
micaceous  schist.  The  sample  under  consideration  is  the  composite 
of  but  two  or  three  bands  of  nearly  white  coarsel}''  granubited  ma- 
terial, high  in  sands  and  gravel,  and  containing  an  unusually  large 
percentage  of  colloid  at  such  great  depth.  The  silica-sesquioxide, 
silica-iron  oxide,  and  silica-alumina  ratios  are  all  abnormally  low. 
The  organic  matter  and  combined  water  content  are  abnormally 
high,  as  is  also  the  phosphate.  The  organic  matter  may  be  considered 
as  limiting  to  some  extent  the  ease  of  dispersion.  There  is  no  regu- 
larity ill  the  silica-bnse  ratio,  but  the  concentration  of  the  bases  as 
well  as  of  the  phosphoric  acid  is  greatest  in  the  finest  fraction. 
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There  is  of  course  a  strong  inclination  to  assume  that  colloid 
accumulation  at  so  great  a  depth  in  material  having  a  pH  value  of  less 
than  5  has  been  formed  in  place.  It  would  be  necessary  in  this  case 
to  assume  further  that  the  feldspathic  decay  produces  alumuium 
hydroxide  as  a  primary  step,  or,  at  least,  as  a  secondary  result,  which 
keeps  almost  abreast  of  the  primary  hydrolysis.  Such  formation  of 
aluminium  hydroxide  is  highly  improbable.  In  view,  however, 
of  the  high  content  of  organic  matter,  which  presumably  must  have 
been  carried  down,  the  writers  prefer  to  assume  that  both  the  alumina 
and  the  organic  matter  have  been  deposited  at  this  depth  either  from 
colloidal  suspension  or  from  solution  as  a  result  of  the  surface  alkalinity 
of  the  feldspathic  material  to  which  attention  has  been  strongly 
directed  by  Cushman  (12)  and  others.  The  process  may,  in  this  case, 
be  assumed  to  be  a  species  of  podzolization  in  which  the  iron  oxide 
may  have  been  deposited  at  higher  levels  and  the  alumina  carried  to 
greater  depths.  Whether  such  a  process  has  actually  occurred  is 
not  to  be  asserted  positively,  but  it  leads  to  the  suspicion  that  the 
same  type  of  fractionation  of  colloids,  which  results  in  the  production 
of  podzolic  ortstein  layers,  may  also  result  in  the  segregation  of  alumina 
at  lower  levels.  This  accords  with  the  data  on  the  precipitation  of 
aluminium  hydroxide  by  Blum  (8). 

WATER  VAPOR  ABSORPTION  AND  HEAT  OF  WETTING 

In  Table  16  are  presented  the  data  on  the  water  vapor  absorption 
over  3.3  per  cent  sulphuric  acid,  over  30  per  cent  sulphuric  acid,  and 
the  heat  of  wetting  of  the  fractions  of  the  eight  colloids  examined. 
The  ratio  of  the  amount  of  water  absorbed  over  3.3  per  cent  acid  to 
that  over  30  per  cent  is  also  given.  The  determination  of  the  water 
vapor  absorption  over  30  per  cent  sulphuric  acid  was  made  because 
it  is  known,  as  was  pointed  out  by  Anderson  (2)  and  Anderson  and 
Mattson  (4),  that  even  when  colloids  absorb  approximately  equal 
quantities  of  water  from  a  nearly  saturated  atmosphere,  the  quantities 
may  vary  widely  at  lower  humidity. 

Table  16. — Physical  'properties  of  fractions  of  colloids  from  various  soils 


Sam- 

Soil type 

Size 

Water  vapor  ab- 
sorbed over — 

Absorp- 
tion ratio 

3.3  per  cent 

Heat  of 
wetting 

ple 
No. 

3.3  per 

cent 

HjSOi 

30  per 

cent 

HjSO* 

30  per  cent 

Amarillo  silty  clay  loara 

f<0.1/.        

Per  cent 
36.25 
36. 80 
36.48 
27.02 
26.85 
26.94 
25.80 
25.30 
25.  55 
12.24 
12.15 
12.20 
2.53 
2.55 
2.64 

Per  cent 

19.  95 

20.18 

20.07 

13.84 

14.00 

13.92 

13.51 

13.25 

13.38 

6.98 

6.14 

6.56 

1.31 

1.28 

1.30 

1.82 
1.82 
1.82 
1.95 
1.92 
1.94 
1.91 
1.91 
1.91 
1.76 
1.98 
1.87 
1.93 
1.99 
1.96 

Calories 
19.2 

Duplicate 

19.0 

Mean  .. 

19.1 

0.1-0.3  M 

Duplicate -- 

12.6 
12.8 

Mean 

12.7 

0.3-1  ;j         -. 

12.6 

4676 

Duplicate 

12.8 

Mean 

12.7 

1-5m--- 

Duplicate 

Mean 

6.7 
6.7 
6.7 

5-50/1       

1.2 

Duplicate 

1.1 

Mean 

L2 
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Table  16. — Physical  properties  of  fractions  of  colloids  from  various  soils — Contd. 


Sam- 
ple 
No. 


Soil  type 


191 


4447 


6283 


4440 


0274 


Marshall  silt  loam . 


Becket  sUt  loam. 


Durham  sandy  loam. 


Davidson  clay  loam. 


Cecil  sandy  clay  loam. 


Size 


<0.1;i 

Duplicate.. 

Mean 

0.1-0.3  M-  — 
Duplicate.. 

Mean 

0.3-1  A. 

Duplicate. . 

Mean 

1-5m 

Duplicate.. 

Mean 

5-50/1 

Duplicate.- 

Mean. 

<0.1  M 

Duplicate.. 

Mean 

0.1-0.3  M.-.. 
Duplicate.. 

Mean 

0.3-1  M 

Duplicate. - 

Mean 

1-5  M 

Duplicate.. 

Mean 

5-50m 

Duplicate.. 

Mean 

<0.1;i 

Duplicate.. 

Mean 

<0.3m 

Duplicate. - 

Mean 

0.3-1/1 

Duplicate.. 

Mean 

1-5/1 

Duplicate.. 

Mean 

5-50/1 

Duplicate.- 

Mean 

<0.1/i 

Duplicate.. 

Mean 

<0.3/i 

Duplicate.. 

Mean 

0.3-1/1 

Duplicate.. 

Mean 

1-6/1 

Duplicate.. 

Mean 

6-60/1 

Duplicate.. 

Mean 

<0.1/i 

Duplicate.. 

Mean 

0.1-0.3 /!.... 
Duplicate.. 

Mean 

0.3-1/1 

Duplicate.. 

Mean 

1-5 /J 

Duplicate.. 

M  can 

.'>  5(1/1 

Duplicate.. 
Mean 


Water  vapor  ab- 

sorbed 

over— 

Absorp- 

tion ratio 

Heat  of 

3.3  per 
cent 

30  per 
cent 

3.3  per  cent 

wetting 

30  per  cent 

HjSO) 

H2SO4 

Per  cent 

Per  cent 

Calories 

30.66 

13.  49 

2.27 

\i. :, 

31.44 

12.80 

2.45 

14.6 

31.05 

13.14 

2.36 

14.6 

25.80 

9.18 

2.81 

10.8 

26.20 

9.32 

2.81 

11.4 

26.00 

9.25 

2.81 

11.1 

24.58 

9.66 

2.57 

10.0 

25.20 

9.69 

2.63 

9.9 

24.89 

7.57 

2.60 

10.0 

16.25 

9.02 

2.31 

9.6 

15.59 

7.15 

2.18 

9.7 

15.92 

7.08 

2.25 

9.6 

2.35 

.96 

2.45 

2.6 

2.31 

.99 

2.33 

2.3 

2.33 

.97 

2.39 

2.4 

30.62 

18.68 

1.64 

18.4 

29.90 

18.38 

1.62 

18.6 

30,26 

18.53 

1.63 

18.6 

23.78 

13.36 

1.78 

17.7 

24.01 

13.56 

1.77 

17.6 

23.89 

13.46 

1.78 

17.6 

25.  02 

16.78 

1.59 

18.0 

24.66 

15.16 

1.63 

18.0 

24.84 

15.  47 

1.61 

18.0 

17.61 

9.76 

1.81 

13.4 

17.81 

9.96 

1.79 

13.4 

17.71 

9.86 

1.80 

13.4 

7.49 

4.17 

1.80 

6.5 

7.18 

4.27 

1.68 

6.4 

7.33 

4.22 

1.74 

6.5 

34.71 

6.07 

6.72 

6.8 

34.18 

6.93 

6.78 

6.8 

24.44 

6.00 

6.75 

6.8 

18.  H< 

3.39 

5.37 

3.6 

18.  .'6 

3.49 

6.32 

4.1 

18.37 

3.44 

6.35 

3.9 

16.  15 

3.67 

4.40 

3.6 

15.30 

3.89 

3.94 

4.0 

16.72 

3.78 

4.17 

3.8 

8.05 

2.61 

3.08 

2.6 

8.27 

2.41 

3.43 

2.7 

8.16 

2.61 

3.26 

2.6 

7.02 

1.81 

3.88 

1.5 

7.  46 

1.83 

4.07 

1.5 

7.24 

1.82 

3.97 

1.5 

38.91 

7.21 

5.40 

6.4 

38.  99 

7.27 

6.36 

6.0 

38.95 

7.24 

6.38 

6.2 

39.32 

7.44 

5.29 

4.1 

38.  72 

7.39 

5.13 

4.3 

39.02 

7.42 

6.21 

4.2 

34.  If) 

5.62 

6.08 

4.7 

33.04 

6.42 

6.26 

4.6 

34.05 

6.52 

6.17 

4.7 

14.32 

3.44 

4.11 

3.6 

14.56 

3.43 

4.25 

3.8 

14.44 

3.44 

4.18 

3.7 

5.05 

1.44 

3.51 

1.6 

6.20 

1.61 

3.44 

1.5 

6.12 

1.47 

3.47 

1.6 

35.00 

6.43 

6.46 

36.  17 
35.  .W 
15.  13 

5.  .56 
5.49 
3.36 

6.50 
6.  -18 
4..'-0 

4.7 

16.  59 

3.27 

4.77 

4.6 

15.  36 

3.32 

4.64 

4.7 

17.16 
17.64 

3.66 
3.08 

4.82 
6.73 

17.40 

9.78 

3.32 
3.35 

5.28 
2.92 

3.8 

9.77 

3.25 

.3.01 

3.4 

9.78 

3.30 

2.97 

3.6 

6.72 

2.12 

2.70 

2  7 

6.86 

2.21 

2.65 

2.6 

5.  7'J 

2.17 

2.  68 

2.  7 
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Table  16. — Physical  properties  of  fractions  of  colloids  from  various  soils — Contd. 


Sam- 
ple 

No. 


627S 


6281 


Soil  type 


Cecil  clay  loam. 


Cecil  clay  loam. 


Size 


f<0.lM-  — 

Duplicate. 

Mean 

0.1-0.3/1... 
Duplicate. 

Mean 

0.3-1  M 

Duplicate. 

Mean 

1-5  M 

Duplicate. 

Mean 

5-50  M 

Duplicate. 
Mean 

<0.1   ,!.._.. 

Duplicate. 

Mean 

<0.3m 

Duplicate. 

Mean 

0.3-1^ 

Duplicate. 

Mean 

1-5^1 

Duplicate. 

Mean 

5-50  M 

Duplicate. 
Mean 


Water  vapor  ab- 

sorbed 

over— 

Absorp- 
tion ratio 

3.3  per  cent 

3.3  per 

30  per 

cent 

cent 

30  per  cent 

B2S04 

H2SO4 

Per  cent 

Per  cent 

35.  V3 

6.  ;.7 

6.42 

35.90 

5.75 

6.24 

36.81 

5.  66 

6.33 

21.89 

3.42 

6.11 

22.90 

3.74 

6.13 

22.39 

3.58 

6.12 

13.46 

8.35 

4.02 

14.29 

2.96 

4.83 

13.88 

3.16 

4.43 

9.49 

2.69 

3.53 

9.58 

2.81 

3.41 

9.53 

2.75 

3.47 

7.80 

1.79 

4.36 

7.20 

1.89 

3.81 

7.60 

1.84 

4.08 

14.32 
14.  35 
14.34 

3.54 
3.08 
3.31 

4.05 
4.65 
4.35 

15.13 

3.  13 

4.84 

IS.  80 

3.28 

4.82 

15.  4G 

3.20 

4.83 

13.01 

3.35 

3.89 

14.10 

3.77 

3.74 

13.56 

3.56 

3.81 

10.22 

2.91 

3.51 

10.21 

2.84 

3.  GO 

10.22 

2.88 

3.66 

7.93 

2.66 

3.09 

8.16 

2.55 

3.20 

8.05 

2.56 

3.14 

Heat  of 
wetting 


Calories 
6.9 
6.4 
6.2 
3.6 
3.8 
3.7 
3.6 
3.8 
3.7 
2.8 
2.9 
2.9 
2.3 
2.6 
2.4 


4.9 

e.3 

S.1 
6.8 
5.3 
6.6 
4.7 
4.4 
4.6 
4.2 
4.0 
4.1 


Of  the  heat  of  wetting  little  need  be  said  except  that  in  numerical 
values  the  calories  of  heat  evolved  per  gram  are  parallel  with  and 
nearly  the  same  as  the  percentage  of  water  absorbed  over  30  per  cent 
sulphuric  acid.  This  parallelism  has  already  been  mentioned  by 
Anderson  {1)  and  by  Anderson  and  Mattson  {4)-  The  heat  of  wetting 
may,  of  course,  be  considered  as  a  measure  of  the  energy  involved  in 
the  absorption  process.  In  general,  the  values  for  all  three  measure- 
ments decrease  with  increasing  particle  size.  In  the  B2  horizon  of 
Becket  silt  loam,  the  0.1  to  0.3  micron  fraction  shows  somewhat 
smaller  absorptive  values  than  the  fraction  of  larger  size.  It  is  prob- 
able that  this  divergence  is  associated  with  the  presence  in  these 
fractions  of  exceptionally  large  amounts  of  organic  matter  which, 
though  an  excellent  absorbent  of  water,  does  not  necessarily  have 
properties  paralleling  those  of  the  inorganic  material.  A  lack  of 
uniformity  is  also  shown,  though  to  less  degree,  by  the  Marshall  sur- 
face soil  sample,  in  which  the  organic  matter  is  also  high. 

The  moisture  absorption  over  3.3  per  cent  sulphuric  acid  varies 
with  the  particle  size  and  this  fact  emphasizes  strongly  that  the 
method  of  Robinson  {2G)  and  of  Gile  et  at.  {15)  for  estimation  of  the 
quantity  of  colloid  in  the  soil,  is  at  best  a  rough  approximation, 
since  the  absorption  varies  in  the  three  colloidal  fractions  (0  to  1 
micron  sizes)  from  13.66  per  cent  for  the  coarsest  fraction  of  the  Cecil 
clay  loam,  C3  horizon,  to  38.91  per  cent  for  the  finest  fraction  of  the 
Davidson  clay  loam,  a  difference  of  285  per  cent  of  the  smaller  value. 
The  widest  difference  in  an  individual  soil  is  in  the  B  horizon  of  the 
Cecil  clay  loam,  where  the  variation  is  from  13.88  per  cent  to  35.73 
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per  cent,  about  200  per  cent  of  the  smaller  value.  Of  course,  the 
variation  from  the  approximate  mean  value  of  the  weighted  fractions 
is  not  so  divergent,  but  it  is  clear  that  with  a  fine  colloid  the  water 
vapor  absorption  has  not  the  same  significance  as  in  the  coarser  colloid. 

It  may  be  remarked,  however,  that  the  method  of  estimation  of 
colloid  was  developed,  using  colloid  of  about  0.3-micron  maxinumi 
particle  size.  If  consideration  is  limited  to  the  smaller  fractions,  the 
variation  is  not  so  great  as  when  the  0.3  to  1  micron  size  is  included. 

That  other  influences  than  the  particle  size,  i.  e.,  the  surface  ex- 
posed, plays  a  part  in  the  vapor  absorption  is  clear  from  the  wide 
variation  in  the  colloids  of  the  different  types.  Although  the  size 
limits  are  not  necessarily  an  indication  of  exact  equality  of  surface, 
they  are  near  enough  to  equality  to  preclude  the  possibility  of  sur- 
face differences  being  able  to  account  for  the  wide  differences  between 
similar  size  fractions  of  Davidson  clay  loam  and  the  C3  horizon  of 
Cecil  clay  loam  (No.  6281),  nor  for  the  wide  difference  between  the 
0.1  and  6.3  micron  fractions  of  Durham  sandy  loam  and  the  lack  of 
such  difference  between  the  corresponding  sizes  of  the  C3  horizon 
(No.  6281)  of  Cecil  clay  loam.  It  is  possible  that  the  various  com- 
positions of  the  colloids  may  have  an  indirect  result  in  altering  the 
size  and  porosity  of  the  fractions  as  they  are  dried  down  in  prepara- 
tion for  the  determinations,  and  these  differences  are  responsible  for 
the  variations  observed. 

That  composition  probably  has  a  most  marked  effect  is  also  indi- 
cated by  the  ratio  of  the  moisture  absorbed  over  3.3  per  cent  sulphuric 
acid  and  over  30  per  cent  sulphuric  acid.  The  vapor  tensions  over 
these  solutions  at  35°  C.  are,  respectively,  41.36  and  31.31  mm,  and 
the  ratio  of  the  water  vapor  absorbed  over  3.3  per  cent  and  30  per 
cent  acid  varies  from  6.33  in  the  0.1-micron  fraction  of  the  B  horizon 
of  Cecil  clay  loam  (No.  6278)  to  1.64  in  the  corresponding  particle 
size  of  Becket  silt  loam.  In  each  colloid  the  ratio  of  moisture 
absorbed  over  3.3  per  cent  acid  to  that  over  30  per  cent  is  fairly 
constant  in  each  profile,  though  the  actual  quantities  of  water  absorbed 
vary  widely,  the  widest  variation  for  the  same  soil  being  in  Cecil 
sandy  clay' loam,  from  6.48  to  2.68.  There  is  a  marked  divergence 
between  the  group  of  soils  represented  by  the  Amarillo,  Marshall,  and 
Becket  soils  on  the  one  hand  and  the  group  represented  by  the  Dur- 
ham, Davidson,  and  Cecil  soils  on  the  other.  In  the  first  group,  the 
mean  value  for  the  three  colloids  of  the  low  silica-base  ratio  is  2.06, 
for  the  high  silica-base  ratio  group  of  four  samples,  the  Durham, 
Davidson,  Cecil  sandy  clay  loam  and  Cecil  clay  loam  (No.6278),is4.67, 
and  for  the  C3  horizon  of  the  Cecil  clay  loam  the  mean  value  of  the 
ratio  foi  the  three  colloid  sizes  is  3.86.  The  meaning  of  this  diver- 
gence is  not  wholly  clear.  It  is  true  that  the  colloids  in  which  the 
difference  in  water  absorption  is  most  seriously  affected  by  a  change 
in  humidity  are  those  in  which  bases  are  lacking  in  comparison  with 
the  silica.  Where  the  total  base  is  low,  i.  e.,  where  the  silica-base 
ratio  is  very  high,  the  water  absorjUion  ratio  is  also  high.  In  the 
Cecil  clay  loam,  C3  horizon,  the  silica-base  ratio  is  intermediate. 
(Tables  7  to  16.)  This  relationshi])  is  also  shown  when  the  silica-base 
ratio  alters  markedly  with  coarsening  of  the  fractions,  e.  g.,  compare 
the  value  30.8  for  tlie  silica-base  ratio  with  5.72,  the  3.3  :  30  per  cent 
acpioous  vapor  ratio  for  the  0.1-micron  fraction  of  the  Durham  soil 
with  20  and  4.17  for  \hv  0.3  to  1  micron  fraction  of  the  same  colloid. 
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Anderson  (2)  has  shown  considerable  variation  in  the  water  vapor 
absorption  over  30  per  cent  sulphuric  acid  by  colloids  where  they  are 
saturated  with  different  bases.  Although  the  variations  are  con- 
siderable, it  does  not  appear  that  they  will  account  for  the  ratios 
given  in  Table  16.  Smce  the  corresponding  variations,  if  any,  over 
3.3  per  cent  sulphuric  acid  were  not  determined,  it  is  not  possible, 
from  his  data,  to  determine  to  what  extent  the  various  bases  would 
modify  the  observed  ratios. 

There  is  a  possibility  that  the  greater  absorption  of  water  by  the 
Amarillo,  Marshall,  and  Becket  colloid  fractions  at  lowered  humidity 
might  be  ascribed  to  the  hydration  of  the  metal  cations  in  the  col- 
loidal micelles,  but  such  an  assumption  is  not  very  reasonable  and 
the  evidence  is  not  adequate  to  support  it. 

There  seems  no  possible  correlation  between  the  3.3  :  30  per  cent 
moisture  ratio  and  the  iron  oxide  or  alumina  content  of  the  colloids. 
The  iron  oxide  content  is  relatively  high  in  the  Amarillo,  Marshall, 
and  Davidson  soils,  in  Cecil  sandy  clay  loam,  and  in  the  B  horizon  of 
Cecil  clay  loam.  It  is  low  in  the  Durham  soil  and  in  the  C3  horizon 
of  Cecil  clay  loam.  The  silica-alumina  ratio  is  high  in  the  Amarillo 
and  Marshall  samples,  moderately  high  in  the  Durham,  and  low  in 
the  Davidson  and  Cecil. 

It  would  be  very  interesting  were  it  possible  to  correlate  this 
phenomenon  with  the  assumption  of  the  existence  in  the  colloids  of 
alumino-silicic  acids  which  are  hydrated  readily  and  retain  their  water 
of  hydration  when  the  humidity  is  low  if  the  acid  complexes  are  true 
clays  of  the  montmorillonite  type,  and  which  are  more  easily  dehy- 
drated if  of  the  halloysitic  and  lateritic  types  (16).  The  correlation 
is  shown  by  the  Amarillo,  Marshall,  and  Becket  samples  which  are 
colloids  of  the  former  type,  and  the  Durham,  Davidson,  and  Cecil  of 
the  latter  types. 

Additional  evidence  that  the  colloids  of  liigh  silica-sesquioxide  ratio 
retain  water  at  low  humidity  is  found  in  the  work  of  Anderson  pre- 
viously cited  (2).  The  colloids  examined,  their  silica-sesquioxide 
ratio,  and  the  water  vapor  absorption  are  shown  in  Table  17,  collected 
from  his  data. 

Table   17. — Water  vapor  absorption  variation  of  colloids  with  variation  of  silica- 
sesquioxide  ratio 


Source  of  colloid 

Silica-ses- 
quioxide 
ratio 

Water  ab- 
sorption 
per  gram 
over  30  per 
centHjSOi 

Fallon  loam  (surface  soil)     .... 

3.88 
3.12 
2.73 
1.86 
1.60 
1.22 
.35 

0  171 

Sharkey  clay  (surface  soil).   .  ...... 

150 

Marshall  silt  loam  (surface  soil) ... _...._ 

.  134 

Sassafras  silt  loam  (surface  soil) 

101 

Norfolk  fine  sandy  loam  (subsoil) _ 

081 

Cecil  loam  (subsoil).-- 

.012 

Nipe  clav  (surface  soil). 

054 

Also  Middleton  (21)  has  determined  the  water  vapor  absorption  of 
four  colloids  over  var3dng  concentrations  of  sulphuric  acid.  From 
his  tables  the  following  data  have  been  abstracted.      (Table  18.) 
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Table   18. — Water  vapor  absorbed  per  gram  of  colloids  over  varying  strengths  of 
sulphuric  acid  expressed  by  weight  percentages  in  120  hours  at  35°  C. 


Soil  typo 


Cecil  clay  loam. 

Norfolk  fine  sandy  loam. 

Clarksville  silt  loam 

Sharkey  clay 


2  per 
cent 


Oram 

0.  2933 

.3449 

.2958 
.4125 


3.3  per 
cent ' 


Oram 
0.  2780 
.  3358 
.  2845 
.3907 


5  per 
cent 


Gram 

0.  2294 

.3163 

.  2f>97 
.3552 


7.5  per 
cent 


Gram 
0.  1798 
.2981 
.2524 
.3243 


10  per 
cent 


Gram 
0. 1361 
.2541 
.2303 
.2997 


16  per 
cent 


Oram 
0.  0959 
.  ISOfi 
.  1994 
.2646 


30  per 
cent 


Gram 
0.  (H46 
.  0706 
.10<)8 
.1805 


42  per 
cent 


Oram 

0.  0291 

.0402 

.0678 

.1293 


1  Time  exposed,  168  hours. 

In  all  cases  the  quantity  of  water  absorbed  is  by  no  means  the 
same  for  the  four  colloids  at  any  humidity,  and  although  it  decreases 
with  decrease  in  humidity  the  rate  of  decrease  is  markedly  different 
in  the  different  colloids.  The  outstanding  differences  are  shown  by 
the  colloid  from  the  Cecil  clay  loam  and  that  from  the  Sharkey  clay. 
In  the  former,  alteration  between  2  per  cent  and  42  per  cent  sulphuric 
acid  is  tenfold,  whereas  in  the  latter  the  alteration  is  but  threefold. 

In  order  to  bring  these  dift'erences  into  sharp  relief  parts  of  the 
data  are  segregated  and  the  water  vapor  absorption  ratios  calcidated 
from  them  are  presented  in  Table  19.  Added  to  these  data  are  the 
silica-sesquioxide  ratios  of  the  corresponding  colloids,  as  given  by 
Robinson  and  Holmes  (28).  The  colloid  samples  analyzed  were 
not  identical  with  those  used  for  absorption  data  but  were  extracted 
from  the  same  soil  sample. 

Table  19. —  Water  absorbed  per  gram  of  colloid  over  S.3,  SO,  and  4^  per  cent  sul- 
phuric acid,  and  the  absorption  ratios 


Soil  type 


Cecil  clay  loam 

Norfolk  sandy  loam. 
Clarksville  silt  loam 
Sharkey  clay 


Silica-ses- 
quioxide 
ratio 


L34 
1.67 
2.18 
3.23 


3.3  per  cent 

HjSOi 
(165  hours) 


Oram 

0.  2780 

.3358 

.2845 

.3967 


30  per  cent 

H2SO4 
(120  hours) 


Oram 

0.  0446 

.0766 

.1098 

.1805 


42  per  cent 

H2SO4 
(120  hours) 


Oram 
0.291 
.462 
.  007S 
.1293 


Ratio  of 

3.3:30 

acid 


6.23 
4.38 
2.59 
2.20 


Ratio  of 

3.3:42 

acid 


9.55 
7.27 
4.18 
3.06 


It  would  appear,  therefore,  that  colloids  of  high  silica-sesquioxide 
ratio  are  distinctly  more  avid  for  moisture  than  those  more  completely 
weathered.  That  the  differences  of  avidity  shown  are  due  to  differ- 
ences in  composition  seems  clear.  It  must  be  admitted,  however, 
that  the  evidence  does  not  adequately  support  the  assumption  made 
above,  though  it  does  make  it  probable.  Also,  as  will  be  shown,  it 
is  in  harmony  with  the  structures  given  in  the  general  discussion. 
If  this  relation  be  justified  it  may  be  assumed  further  that  the  colloid 
characteristic  which  determines  the  retention  of  moistm-e  at  low 
humidity  is  the  same  cause  which  determines  the  base-holding 
capacity. 

THE  DIFFICULTLY  EXTRACTABLE   COLLOID 

As  mentioned  on  page  8,  the  silts  and  clays  obtained  after  ex- 
haustive dispersion  in  water  or  water  made  slightly  alkaline  with 
ammonia  still  contain  quantities  of  material  of  the  same  general 
character  as  that  extiactcd.  This  is  demonstrable  by  microscoi)ic 
examination  as  well  as  by  the  differences  between  the  quantities  of 
colloid  f)l)tained  and  tlie  total  colloid  content  obtained  b}^  either 
mechanical  analysis  or  water  vai)or  al)S()r])tion.  That  sucli  colloid 
may  differ  in  character  from  that  extracted  by  water  and  ammonia 
has  been  recognized.     (Pp.  1  and  9.)     It  seemed  desirable  to  extract 
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some  of  this  material  from  the  residues  so  exhaustively  extracted  as 
in  the  samples  studied.  This  was  accomplished  in  the  manner  and 
to  the  extent  shown  on  page  9  for  three  of  the  silt  and  clay  frac- 
tions; those  from  a  chernozem  soil  (the  Amarillo),  a  podzol  (the 
Becket),  and  a  lateritic  soil  (the  Davidson).  These  fractions  were 
then  redispersed  and  separated  into  two  parts;  that  less  than  0.1 
micron  and  that  between  0.1  and  1  micron.  The  analytical  data 
on  these  samples  are  shown  in  Table  20. 


Table  20. — Analysis  of  separates  from  silt 

and  day  extracted  with 

NI50  NaOH 

cular  ratio 

Soil  type 

Frac- 
tion 
of 
whole 
soil 

Size 

O 

o 
S 

O 

< 

Mole 

Sam- 
ple 
No. 

O 

q 

< 
+ 

O 
3 

O 

O 

O  O 

O 

O 

6 

a 
O 

.. 
O 
fid 

1^ 

Amarillo  sUty  clay 
loam. 

Becket  silt  loam 

Davidson  clay  loam.. 

Per 

cent 
0.30 

.76 

.55 

.60 

.18 

.61 

r<0.lM 

Duplicate... 
Mean 

0.1m-1m 

Duplicate... 
Mean , 

f<0.lM 

Duplicate... 
Mean.. 

0.1/x-l/i. 

Duplicate... 
Mean.. 

{<0.lfi- 

Duplicate... 
Mean 

0.1^-1/1 

Duplicate- -- 
Mean 

Per 
cent 
39.  27 
39.48 
39.37 

46.94 
47.00 
46.97 

15.20 
15.24 
15.22 

27.65 
27.73 
27.69 

29.24 
29.  32 
29.28 

35.51 
35.48 
35.50 

Per 

cent 
8.90 
8.92 
8.91 

7.08 
7.02 
7.05 

16.14 
16.25 
16.19 

16.34 
16.23 
16.28 

19.42 

19.40 
19.41 

12.68 
12.64 
12.66 

Per 

cent 
21.74 
21.52 
21.63 

19.31 
19.30 
19.30 

15.76 
15.85 
15.80 

18.11 
18.15 
18.13 

24.31 

24.53 
24.42 

28.90 

28.63 
28.76 

4675 

2.45 

11.75 

3.10 

0.264 

6.76 

3.41 

19.35 

4.14 

.214 

7.22 

4447 

.99 

2.50 

1.64 

.656 

4.63 

1.65 

4.52 

2.60 

.575 

6.12 

4440 

1.35 

4.011 

2.041 

.509 

13.12 

1.64 

7.46 

2.10 

.282 

24.73 

Sam- 
ple 
No. 


4575 


4447 


4440 


Soil  type 


Amarillo  silty  clay 
loam. 


Becket  silt  loam 


Davidson  clayloam. 


Frac- 
tion 
of 

whole 
soil 


Per 

cent 
0.30 


.75 


.55 


.60 


.18 


.61 


Size 


<0.1m 

Duplicate. 
Mean 


0.lfi-\n 

Duplicate.. 
.Mean 

<0.1f. 

Duplicate.. 
Mean 

O.Im-Im 

Duplicate.. 
Mean 

<0.1^i 

Duplicate. 
Mean 


O.lM-l^i 

Duplieate. 
.Mean 


MgO 

CaO 

Per 

Per 

cent 

cent 

2.19 

1.32 

2.27 

1.32 

2.23 

1.32 

1.73 

1.10 

1.76 

1.06 

1.74 

1.08 

.74 

1.18 

.96 

1.16 

.85 

1.17 

1.53 

1.56 

1.68 

1.63 

1.60 

1.59 

.85 

.72 

.85 

.72 

.85 

.72 

.52 

.24 

.40 

.37 

.46 

.30 

KjO 


Per 

cent 
1.73 


1.73 

3.08 
3.08 
3.08 

1.32 
1.30 
1.31 

2.06 
2.10 
2.08 


NajO 


Per 

cent 
0.43 


.43 

.48 
.48 
.48 

3.17 
3.20 
3.18 

1.33 
1.36 
1.34 


TiOj 


Per 

cent 

0.55 

.57 

.56 

1.30 
1.30 
1.30 

1.09 
1.03 
1.06 

1.15 
1.13 

1.14 


.30  1.11  .99 
.99 
.30  I  1.11 

.67  .70  1.65 
.69  .75  .  1.61 
.  68  I     .  75  '  1.  63 


MnO 


Per 

cent 

0.23 

.21 

.22 

.26 
.27 
.27 

.19 
.17 
.18 

.21 
.21 
.21 

.17 
.17 
.17 

.27 
.25 
.26 


PjOj 


Per 
cent 
0.33 
.31 
.32 

.21 
.22 
.22 

.49 
.48 
.48 

.31 
.33 
.32 

.32 
.32 
.32 

.17 
.22 
.20 


Or- 
ganic 
mat- 
ter 


Com- 
bined 
water 


Per  cent 
'23.04 
123.08 
'23.06 


11.05 
11.06 
11.06 

36.55 
36.90 
36.72 

20.96 
20.80 
20.88 


7.55 
7.76 
7.66 

8.28 
8.03 
8.U= 

8.81 
8.71 
8.76 


1  22.  24 
1  21. 84 
'22.04 

'  18. 69 
'  18. 69 
1  18.  69 


'  Ignition  loss,  organic  matter,  and  combined  water  not  determined  separately. 
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These  more  difficultly  extractable  colloids  differ  materially  from  the 
colloids  obtained  in  the  usual  manner,  as  may  be  observed  by  com- 
parison of  the  data  in  Table  20  with  the  corresponding  data  for  the 
same  soils  as  found  in  Tables  7,  10,  and  11.  In  order  to  facilitate  their 
comparison  the  three  major  constituents  are  recalculated  for  the 
<  0.1-micron  fraction  on  the  basis  of  100  per  cent  and  brought  together 
in  Table  21. 

Table  21. — The  major  constituents  o/  the  <^0.1 -micron  fractions  of  the  normal  and 

difficultly  extractable  colloids 


Soil  type 


Colloid 


Amarillo  silty  clay  loam.-^^^^^ljYy— ^-- j^^- 

Becket  silt  loam {gEltly  extrac'ted . 

Davidson  clay  loam {gEJtYy  ex-traci^d . 


Percentage 

of  whole 

Silica 

Iron  oxide 

soil 

Per  cent 

Per  cent 

Per  cent 

19.1 

61.80 

10.39 

.3 

56.16 

12.72 

.6 

32.65 

28.16 

.55 

32.27 

34.27 

14.9 

43.16 

18.49 

.18 

40.07 

26.61 

Alumina 


Per  cent 
27.81 
31.10 
39.22 
33.46 
38.35 
33.32 


That  some  alteration  in  the  relative  quantities  of  these  major  colloid 
constituents  may  have  been  produced  as  a  result  of  solution  of  silica 
and  alumina  by  the  sodium  hydroxide  used  as  a  dispersing  agent  is 
possible,  and  that  it  does  occur  is  shown  in  the  examination  of  the 
dispersing  solution  reported  in  the  data  given  on  the  Becket  sample  in 
Table  24,  but  it  is  not  believed  to  be  sufficiently  great  to  produce  the 
alteration  of  composition  shown  in  Table  21. 

The  extent  and  character  of  the  differences  in  composition  may  be 
brought  into  still  greater  relief  by  expressing  them  as  given  in 
Table  22. 


Table  22. — Differential  percentages  of  the  major  constituents  in  normal  and  diffi- 
cultly extractable  colloids 
[Data  from  Table  21] 


Soil  type 


Amarillo  silty  clay  loam 

Becket  silt  loam 

Davidson  clay  loam 


Silica, 

percentage 

change 


-5.62 
-.38 
-3.09 


Iron  oxide, 

percentage 

change 


-1-2.33 
-f6. 11 
-1-8.12 


Alumina, 

percentage 

change 


-1-3.29 
-5.76 
-6.03 


It  will  be  observed  that  in  all  these  samples  the  iron-oxide  content 
of  the  difficultly  exti-actable  colloid  is  greater  than  that  of  the  nor- 
mally extracted  mateiial.  In  all  tliree  samples  there  is  a  smaller 
silica  content.  In  the  Amarillo  sample  the  alumina  is  greater,  and 
in  the  Becket  and  Davidson  samples  it  is  smaller.  The  change  in 
relative  iron  oxide-alumina  content  is  also  indicated  by  the  greatly 
increased  numerical  value  of  these  ratios,  though  the  alteration  is  less 
marked,  as  should  be  expected,  in  the  Amarillo  colloid.  Two  explana- 
tions of  these  differences  may  be  considered.  It  is  possible  that  the 
sodium-hydroxide  dispersing  agent  brings  into  siis])ension  in  the  finest 
colloid  fraction  largc^r  amounts  of  material  present  in  the  soil  as 
concretionary  material  higher  in  iron  oxide  content  than  is  the  body 
of  the  colloid.  If  this  be  the  case,  it  must  also  be  granted  that  in 
the  Amarillo  sample  this  concretionary  material  is  likewise  richer  in 
alumina. 
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It  is  also  possible  that  the  difficultly  dispersable  material  is,  for  the 
most  part,  the  film  of  colloid  adhering  firmly  to  the  quartz  or  other 
undecomposed  mineral  particles.  If  tliis  be  the  case,  the  difi'erential 
percentage  change  should  be  greatest  in  the  soil  wliich  has  been  sub- 
jected to  the  more  intense  weathering  conditions.  In  the  samples 
under  consideration,  the  Amarillo  has  suftered  the  least  and  the 
Davidson  the  greatest  alteration.  The  intensity  of  weathering  of 
these  soils  is  undoubtedly  in  this  order.  It  must  be  confessed,  how- 
ever, that  the  present  data  are  inadequate  to  decide  which  explana- 
tion is  better,  or  whether  both  are  invalid.  The  colloids  coarser  than 
0.1  micron  show  the  same  character  of  divergence  from  the  more 
easily  extracted  material  but  not  to  so  marked  degree.  In  all  three 
colloids  slightly  higher  silica-sesquioxdde  and  silica-alumina  ratios 
indicate  the  existence  of  unhydrolyzed  mineral  particles,  or  of  quartz 
in  the  coarser  colloids,  and  if  it  be  assumed  that  the  iron-oxide  content 
is  free  from  combination  with  silica,  the  sihca-alamina  ratios  indicate 
montmorillonitic  clay  in  the  Amarillo  colloid,  some  admixture  of 
montmorillonitic  clay  in  the  Becket,  and  halloysitic  clay  in  the 
Davidson.      (See  General  Discussion.) 

The  relative  quantity  of  the  difficultly  extractable  colloid  is  much 
greater  in  the  colloid  of  Becket  silt  loam  than  in  that  of  the  other 
two  soils.  That  tins  difference  is  due  to  the  influence  of  the  organic 
matter  is  without  question.  It  is  probable  that  the  influence  is 
exerted  through  the  cementing  effect  of  the  "humic  acid"  rather  than 
through  chemical  combination  with  the  iron  oxide  component.  M.  S. 
Anderson,  of  this  bureau,  has  accumulated  data,  as  yet  unpublished, 
tending  to  show  that  ferrous  iron  is  capable  of  direct  combination 
with  humic  acid,  but  that  ferric  oxide  is  not.  The  cementing  organic 
matter  may,  however,  be  associated  with  bases,  particularly  with 
calcium  and  magnesium.  It  is  therefore  suggested  that  under  humid 
conditions,  organic  ferrous  compounds  are  leached  from  the  bleicherde 
and  deposited  in  intimate  mixture,  instead  of  in  chemical  combina- 
tion, in  the  ortstein  layer  as  ferric  hydroxide  and  humic  acid.  The 
ferric  hydroxide  is,  of  course,  partly  dehydrated,  and  the  humic  acid 
is,  in  part,  associated  with  bases.  This  mixture  may  be  assumed  to 
be  more  effectively  dispersed  by  sodium  hydroxide  of  the  hydrogen- 
ion  concentration  employed  in  the  second  dispersion  because  of  the 
increased  solubility  of  the  humic  acid.  That  considerable  organic 
matter  is  dissolved  is  shown  and  will  be  commented  on  more  fully 
later.  That  organic  matter  in  the  soil  may  be  a  large  factor  in  limit- 
ing the  dispersability  of  the  colloid  material  and  the  effect  of  higher 
pH  values  is  also  shown  by  the  increased  organic  content  up  to  and 
including  the  clay  fraction  of  tlie  AmariUo  coUoid,  as  shown  in  Table 
8.  The  quantity  of  the  difficultly  extractable  colloid  obtained  from 
this  sample  was  insufficient  to  allow  the  determination  of  the  organic 
matter  in  it,  but  the  ignition  loss  indicates  beyond  question  the  still 
greater  organic  content  of  the  finer  fractions  of  this  material.  The 
Davidson  colloid  shows  the  same  effect  of  the  sodium  hydroxide  used 
in  the  extraction  process  in  increasing  the  organic  content  of  the 
difficultly  dispersable  colloid. 

It  was  to  have  been  expected  that  the  use  of  sodium  hydroxide  as  a 
dispersing  agent  would  modify  the  base  content  of  the  difficultly  dis- 
persable colloid  in  two  ways.  There  would  be  more  exchangeable 
bases  brought  into  aqueous  solution,  particularlj^  when,  as  in  the  case 
of  the  Amarillo  sample,  only  water  was  used  in  the  first  extraction. 
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The  acid  hydrogen  (exchangeable  hydrogen)  should  be  more  com- 
pletely neutralized  by  the  stronger  base,  and  the  sodium  salts  of  the 
colloid  would  be  more  stable  than  when  ammonia  of  a  smaller  pH 
value  was  employed,  as  in  the  Becket  and  Davidson  samples.  These 
expectations  are  justified  by  the  event.  Note  the  relatively  immensely 
greater  increase  of  sodium  content  of  the  Becket  and  Davidson  col- 
loids, as  compared  with  the  increase  in  the  Amarillo.  The  explana- 
tion is  obvious.  The  absorption  of  the  sodium  is  due  in  but  small  part 
to  exchange  of  bases  (as  indicated  by  the  small  quantity  of  exchange- 
able bases  found  in  the  extract).  (Table  24.)  The  chief  cause  is  the 
direct  neutralization  of  the  soil  acids  by  the  sodium  hydroxide. 
Since  the  sodium  salts  of  the  organic  material  are  soluble  in  water,  it 
is  to  be  presumed  that  the  sodium  is  held  by  the  inorganic  acids. 

WATER  VAPOR  ABSORPTION  OF  THE  DIFFICULTLY  EXTRACTABLE 

COLLOID 

In  Table  23  are  given  the  percentage  quantities  of  the  water  vapor 
absorption  over  3.3  per  cent  sulphuric  acid  and  over  30  per  cent 
sulphuric  acid,  and  the  ratio  of  these  values.  In  the  difficultly  extract- 
able  colloid  of  the  Amarillo  sample  the  percentage  values  are  materi- 
ally lower  than  for  the  corresponding  size  fractions  given  in  Table  16; 
indeed,  50  per  cent  lower  in  the  coarser  material,  which  differs  very 
strikingly  from  the  finer  fraction.  At  the  same  time,  the  absorption 
ratio  is  higher.  This  decrease  in  water  absorption  is  at  the  same  time 
accompanied  with  an  increase  in  the  percentage  of  organic  matter. 
(Tables  10  and  20.) 

Table  23. — Physical  properties  of  difficultly  extraciable  colloid 


Sample 
So. 


4575- 


4447. 


4440- 


Soil  type 


Amarillo  silty  clay  loam. 


Becket  silt  loam. 


Davidson  clay  loam. 


Size 


f<O.V 

Duplicate. 

Mean 

0.lM-l;i 

Duplicate. 
Mean 


<0.1m 

Duplicate- 
Mean 

0,1^-1m 

Duplicate. 
Mean 


<0.1m 

Duplicate. 

Mean 

().1jj-1m 

IJuplicate. 
Mean 


Water  vapor  absorbed 
over— 


3.3  per  cent 
H2SO4 


Per  cent 
29.85 
29.77 
29.81 
12.53 
12.65 
12.59 

32.61 
31.82 
32.22 
25.73 
25.  64 
25.69 

32.20 
31.64 
31.92 
23.23 
23.14 
23.19 


30  per  cent 
HsSOi 


Per  cent 

11.45 

11.62 

11.53 

5.45 

5.36 

5.41 

14.60 
14.20 
14.  35 
11.  13 
11.15 
11.14 

6.67 
6.56 
6.61 
3.45 
3.15 
3.30 


Absorption 
ratio 

3.3  per  cent 
30  per  cent 


2.61 
2.56 
2.59 
2.30 
2.36 
2.33 

2.25 
2.24 
2.25 
2.31 
2.30 
2.31 

4.83 
4.82 
4.83 
6.79 
7.35 
7.07 


In  the  case  of  the  Becket  colloid  the  difficultly  extract  able  colloid 
differs  much  less  from  the  easily  extractable  colloid  in  the  absorption 
of  vapor,  and  indeed,  the  values  are  somewhat  greater  in  the  former 
for  the  absorption  over  3.3  per  cent  acid.     (Table  16.)    At  the  same 
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time,  the  organic  content  of  the  two  fractions  of  the  difficultly  extract- 
able  colloid  differ  from  each  other  by  the  difference  between  36.72 
per  cent  for  the  finer  material  and  20.96  per  cent  for  the  coarser 
colloid,  and  in  silica-alumina  ratio  by  the  difference  between  1.64 
and  2.60.  The  organic  content  of  the  finer  fraction  is  3  per  cent 
greater  than  in  the  corresponding  size  of  the  readily  extractable 
material  (Tables  20  and  10)  and  is  nearly  5  per  cent  less  than  in  the 
most  nearly  comparable  coarser  fraction.  The  absorption  ratio  is 
essentially  the  same  for  both  fractions,  but  materially  higher  than  for 
the  more  readily  extractable  colloid.     (Table  16.) 

In  the  Amarillo  colloid  the  percentage  absorption  values  over  3.3 
per  cent  sulphuric  acid  are  strildngly  lower  than  for  comparable  size 
fractions  of  the  more  readily  extractable  colloid  and  difl'er  more  sharply 
from  each  other.  For  the  30  per  cent  acid  the  water  vapor  absorbed 
is  also  sharply  different,  and,  as  compared  with  the  more  readily  ex- 
tractable colloid,  the  finer  fractions  are  nearly  alike  and  the  coarser 
fractions  dift'er  markedly.  The  number  of  samples  is  not  sufficient 
to  permit  the  drawing  of  extended  conclusions,  but  it  is  important 
to  note  that  the  same  relationship  of  the  absorption  ratio  holds  with 
difficultly  dispersable  colloid,  as  was  noted  in  the  more  readily  dis- 
persable,  viz,  the  absorption  ratio  is  more  than  twice  as  great  for  the 
colloids  of  the  montmorillonitic  type  (see  general  discussion).  Again, 
it  would  appear  that  a  plausible  explanation  is  found  in  the  greater 
stability  of  the  hydrated  form  of  the  more  complex  aluminous  acidoid. 
As  a  general  observation,  based  on  the  limited  evidence  available,  it 
may  be  said  that  although  the  difficultly  dispersed  colloids  differ  in 
many  detailed  respects  from  those  more  readily  dispersed,  yet  in 
general  character  the  two  forms  are  very  similar.  It  is  also  clear 
from  the  data  that  the  acidoid  complexes  in  the  three  colloids  are  of 
different  types. 

THE  PASTEUR-CHAMBERLAND  FILTRATE 

In  the  extraction  of  the  colloids,  especially  when  the  addition  of 
ammonia  is  required  to  produce  approximate  neutrality  of  the  dis- 
persing agent,  the  filtrate  through  the  Pasteur-Chamberland  filters 
(grade  F)  sometimes  shows  evidence  of  the  solution  of  the  material, 
both  in  the  color  of  the  filtrate  and  in  a  more  or  less  marked  opal- 
escence. That  this  material  is  in  part  colloidal  is  also  evident  through 
the  Tyndall  effect.  In  this  series  of  extractions,  the  depth  of  color 
of  the  filtrate  of  the  Becket  silt  loam  was  especially  marked,  both 
with  the  readily  and  the  difficultly  dispersed  colloid.  These  filtrates 
were  therefore  collected  and  evaporated  to  dryness  on  a  steam  bath. 
The  filtrates  from  the  extraction  with  ammonia,  with  a  maximum  of 
8.5  pH,  amounted  to  40  gallons  and  the  dry  residue  weighed  8.8  g 
or  0.44  per  cent  of  the  whole  soil.  The' analysis  is  given  in  the  first 
three  fines  of  Table  24.  The  residue  consists  of  more  than  50  per 
cent  organic  matter  and  about  25  per  cent  moisture.  Since  the  factor 
1.724  is  by  no  means  accurate  (5),  the  organic  matter  and  combined 
water  are  not  accurately  differentiated,  but  the  total  quantity,  loss- 
on-ignition,  is  accurate.  Therefore,  only  about  2  g  of  ignited  in- 
organic material  were  carried  through  the  filters  in  treating  2  kg  of 
the  soil.  This  inorganic  material  is  shown  by  the  analyses  to  have 
a  considerably  lugher  silica-sesquioxide  ratio  and  a  somewhat  liigher 
silica-alumina  ratio  than  the  colloid  (Table  10),  but  the  differences 
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are  suprisingly  small.  It  may  be  assumed  that  some  extremely  finely 
divided  silica,  produced  by  hydrolysis  of  ammonium  silicate,  may 
have  found  its  way  into  this  residue,  but  if  so,  the  quantity  was  ex- 
tremely small.  The  necessary  conclusion  is  that  the  extremely  finely 
divided  colloid  is  essentially  the  same  as  that  constituting  the  bulk  of 
the  finely  divided  material.  The  high  base  content  of  the  ignited 
residue  is  without  doubt  an  indication  of  the  nature  of  the  organic 
matter  removed,  i.  e.,  that  in  part  it  consists  of  salts  of  huiidc  acid. 
It  must  be  kept  in  mind  that  this  fdtrate  was  from  material  dispersed 
with  ammonia. 


Table  24. — Analyses  of  residues  from  wash  water  of  the  Decket  soil,  No.  444'^ 


Fraction  of 
whole  soil 
(per  cent) 

O 
w 

to 

o 

O 
< 

Molecular  ratio 

Source  of  material 

O 

CO 

O 

+ 

6 

6 

O 

69. 

o  o 

O 

Xi 

•a 

o 

Residue  from  40  gallons  of  wash 

10.44 

Per 

cent 
6.58 
6.48 
6.53 

7.05 

2.74 
0 

Per 

cent 
1.33 
1.37 
1.35 

2.40 

.07 
0     - 

Per 

cent 

3.89 

3.88 

3.89 

31.12 

12.02 
0 

water  in  which  the  colloid  was  dis- 

•Duplicate... 
Mean 

0. 13 

persed  at  pH  8..5  with  NH«0H. 
Part  of  the  residue  from  the  wash 
water   from    dispersion    to    pH 
10.^11  with  NaOH  which  pre- 

2.33 
3.66 

.38 

13.1 
7.8 

113.0 

2.86 
3.84 

.354 

0.219 
.005 

.0003 

1.37 
1.75 

cipitates  with  HCl  at  pH  5.5, 
and  washed  CI  free. 

Part  of  filtrate  from   the   above 
which  did  not  precipitate  with 
N/20  HCl,  but  after  ignition  to 
dull  redness  all  the  salts  soluble 
in  hot  water  were  removed. 

Soluble  salts  from   the  above  of 
which  more  than  90  per  cent  had 

0.28 

0.52 

.574 

been    added    in    the   successive 
treatments.    10.5gramsobtained. 

Source  of  material 

Fraction  of 
whole  soil 
(per  cent) 

MgO 

CaO 

K3O 

MajO 

TiOj 

MnO 

P2O4 

Or- 
ganic 

matter 

Com- 
bined 
water 

Residue  from  40  gallons  of 
wash  water  in  which  the 
colloid   was  dispensed   at 
pH  8.5  with  NH4OU. 

Part   of   the   residue   from 
the  wash  water  from  dis- 
persion to  pn  10.f>-ll  with 

0.44  

Per 

cent 

0.48 

.44 

.46 

2.17 

1.78 
0 

Per 
cent 
2.55 
2.53 
2.64 

.56 

1.57 
2.43 

Per 
cent 
2.09 
2.03 
2.00 

.27 

.67 
1.38 

Per 
cent 
4.  45 
4.39 
4.42 

.66 

28.89 
48.95 

Per 

cent 

0.15 

.12 

.14 

.16 

.04 
0 

Per 

cent 

Trace. 

...do... 

...do... 

Per 

cent 

0.43 

.39 

.41 

Per 

cent 

53.10 

51.70 

52.40 

41.64 

20.88 
0 

Per 
cent 
23.80 

Duplicate- -- 
Mean 

0.13    . 

25.17 
24.49 

14.16 

NaOH  which  precipitates 
with  HCl  at  pH  5.5,  and 
washed  CI  free. 
Part    of    filtrate    from    the 
above  which  did  not  pre- 
cipitate with    N/20   HCl, 

0.28 

31.03 

but  after  ignition  to  dull 
redness  all  the  salts  soluble 
in  hot  water  were  removed. 
Boliible  salts  from  the  above 
of  winch  more  than  90  per 
cent  hud   iieen  added  in 

0.52 

1.45 

the  .successive  treatments. 
10.5  grains  obtained. 

The  aqueous  filtrate  from  the  extraction  of  the  silt  and  clay  residues 
at  a  pIT  value  of  10.5  to  11  with  sodium  hydroxide  was  particularly 
highly  colored,  and  its  evaporated  residue  was  expected  to  consist 


COLLOIDS   DERIVED    FROM    THE    GREAT    SOIL   GROUPS  33 


almost  wholly  of  sodium  humate.  The  residue  amounted  to  18.6  g 
of  material  dried  at  105°  C.  This  was  redispersed  with  a  small  quan- 
tity of  water  and  brought  to  a  pH  of  5.5  by  addition  of  N/20  HCl. 
This  suspension  was  allowed  to  stand  for  48  hours  and  was  filtered  and 
washed  until  free  from  chlorine.  The  dried  insoluble  material  was  then 
analyzed.  The  analysis  is  given  in  the  fourth  line  of  Table  24.  The 
material  lost  56  per  cent  of  its  weight  on  ignition,  and  the  organic 
material  is  approximately  42  per  cent  of  the  whole.  This  colloid  has 
a  low  silica  content  but  has  a  high  silica-sesquioxide  and  silica-alumina 
ratio.  The  suspicion  is  raised  that  the  greater  part  of  both  the  silica 
and  alumina  is  derived  from  reaction  of  the  sodium  hydroxide,  used 
in  the  extraction,  ^^dth  silicic  acid  and  aluminium  hydroxide  existing 
in  the  silt  and  clay  or  produced  by  hydrolysis  in  the  process  of  extrac- 
tion. This  suspicion  obtains  added  color  from  the  data  discussed  in 
the  next  paragraph.  In  any  case  the  quantity  of  such  material,  if 
it  exists,  m.ust  be  extremely  small,  since  a  part  of  this  material  must 
certainly  be  normal  but  extremely  finely  divided  colloid. 

The  filtrate  from  the  material  just  described  was  evaporated  to 
dryness,  and,  after  the  carbon  content  of  the  residue  was  determined, 
it  was  ignited  at  low  heat.  The  ignited  residue  was  washed  until  free 
from  chlorides,  and  analyzed.  The  analysis  is  shown  in  the  fifth  line 
of  Table  24.  It  will  be  observed  that  the  ignition  loss  is  about  52  per 
cent,  and  the  analj^sis  indicates  that  the  nonvolatile  residue  probablv 
is  essentially  a  mixture  of  sodium  silicate,  sodium  aluminate,  and  the 
sodium  and  other  salts  of  humic  acid.  The  washings  from  this 
material  were  evaporated  and  analyzed.  The  analysis  shows  the 
residue  to  be,  as  was  expected,  the  chlorides  of  sodium,  calcium,  and 
potassium. 

The  examination  of  the  materials  which  pass  through  the  Pasteur- 
Chamberland  filters  in  the  case  of  the  Becket  silt  loam  shows  that, 
except  for  removal  of  organic  matter,  the  loss  of  material  is  extremely 
slight.  That  this  is  in  part  normal  colloid,  with  addition  of  small 
amounts  of  other  material,  is  indicated.  The  aqueous  extracts  from 
the  other  colloids  were  not  examined,  since  it  was  not  believed  that  the 
results  obtained  would  pay  for  the  labor  expended. 

GENERAL  DISCUSSION 

The  data  obtained  during  this  study,  taken  in  conjunction  with 
other  data,  obtained  from  a  study  of  the  same  or  closely  related  soils 
and  published  elsewhere  {3,  13,  23),  warrant  a  certain  amount  of 
general  discussion  concerning  the  nature  of  soil  colloids.  It  has 
already  been  brought  out  by  Byers  and  Anderson  (10)  that  the  soil 
colloids  of  the  great  soil  groups,  as  established  by  the  soil  survey, 
represent  various  stages  of  a  progressive  degradation  of  soil  material. 
This  degradation  is  the  result  of  hydrolytic  action  on  the  soil  minerals 
and  on  their  primary  and  secondary  products.  The  degree  of  hy- 
drolysis, as  has  been  repeatedly  pointed  out,  is  governed  by  a  number 
of  agencies.  Cliief  among  these  are  rainfall,  temperature,  and  the 
character  of  soil  vegetation.  Only  to  a  relatively  minor  degree  is  the 
character  of  the  product  determined  by  the  character  of  the  primary 
material.  The  conclusion  that  the  soil  material  is  of  minor  importance 
in  determining  the  character  of  the  soil  colloid  may  be  more  or  less 
illusory.    As  estimated  by  Clarke  (11),  the  igneous  rocks  are  approxi- 
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mately  60  per  cent  feldspars,  the  remaining  igneous  material  being 
quartz,  12  per  cent;  hornblende  and  pyroxene,  16.8  per  cent;  mica, 
3.6  per  cent;  and  but  7.9  per  cent  accessory  minerals.  It  may  be 
then,  since  hornblende  and  mica  are  so  frequently  associated  with 
feldspars  and  quartz  in  granite  and  similar  rocks,  that  directly  or 
indirectly  the  soils  all  have,  as  far  as  their  primary  mineral  source  is 
concerned,  an  essentially  common  origin.  It  would  follow^,  therefore, 
that  their  immediately  antecedent  mineral  source  would  be  of  less 
moment  than  the  other  soil-forming  influences  in  determining  their 
character. 

It  is  assimied  that  the  hydrolysis  follows  the  same  course,  whether 
the  minerals  are  ferruginous  or  aluminous  silicates,  when  they  are  of 
the  same  type,  but  that  in  general  the  h3^drolysis  proceeds  at  a  slower 
rate  under  like  conditions  for  tha  alumino  silicates.  It  may  further 
be  assumed  that  since,  to  a  very  great  extent,  in  the  silicate  minerals 
which  contain  iron  it  is  in  the  ferrous  state,  the  behavior  of  this 
element  in  the  primary  hydrolysis  will  be  analogous  to  that  of  n^ag- 
nesium  and  calcium  rather  than  to  that  of  aluminum.  If  these 
assumptions  are  correct  it  should  follow^  that  the  soil  colloids  produced 
by  hydrolysis  should  differ  from  each  other  chiefly  w^ith  respect  to 
the  extent  of  the  hydrolytic  action  which  has  occurred  and  to  the 
extent  of  transfer  of  the  resultant  materials,  which  in  turn  will  depend 
on  the  chaiacter  of  the  products.  The  study  of  the  composition  of 
the  colloids  of  soils  representative  of  the  great  soil  groups  (10)  reveals 
the  fact  that  there  are  three  general  types:  Colloids  which  are  essen- 
tially alumino  silicates  of  high  silica-alumina  ratio  and  correspor.d  in 
general  character  to  the  colloid  of  uiontmorillonite;  colloids  which 
are  essentially  of  the  general  type  of  halloysite  with  a  silica-alumina 
ratio  of  approximately  2;  and  those  in  which  the  dominant  colloid 
consists  essentially  of  a  mixture  of  the  hydroxide  of  aluminum,  more 
or  less  dehydrated,  and  of  iron  oxide,  more  or  less  hydrated.  In  the 
colloids  the  quantity  of  ferric  oxide  rasij  be  very  variable.  The 
probable  existence  of  these  colloid  types  is  strongly  supported  by 
recent  publications  by  Hendricks  and  Fry  (16),  Kelley,  Dore,  and 
Brown  (19),  and  Baver  and  Scarseth  (7). 

It  must  be  kept  in  mind  that  not  only  the  hydrolytic  products  of 
minerals  themselves  are  subject  to  further  hydrolysis,  but  that  they 
are  both  acidic  and  basic  at  the  same  time,  i.  e.,  amphoteric,  as  recently 
emphasized  by  Mattson  (SO).  They  are  therefore  associated  with 
varying  amounts  and  to  varying  degrees  with  both  basic  and  acidic 
ions.  The  character  of  a  given  colloid  is  also  profoundly  influenced 
by  the  basic,  and  more  especially  })y  the  acidic  radicals  derived  from 
the  organic  debris  accunmlated  in  the  soil.  With  the  foregoing  facts 
and  assumptions  in  mind,  the  character  and  relationships  of  the  soil 
colloids  may,  perhaps,  be  made  clearer  by  presenting  a  set  of  purely 
hypothetical  reactions  based  on  structural  formulas  of  minerals  and 
designed  to  show  the  probable  results  of  hydrolysis.* 

The  simplest  of  the  numerous  structural  formulas  which  have  been 
proposed  for  orthocluse  is  that  given  below  and  the  general  character 
of  hydrolytic  action  first  to  be  expected  is  shown  in  equation  1. 

*  In  RupKR9tinR  these  f<trnctiira1  formulas  it  is  emplinsized  that  no  direct  experimental  evidonro  for  thorn  is 
availalilo.  Tliey  are  dosiKned  only  to  jiresciit  a  picture  of  llio  sort  of  clianv;es  wliicli,  if  tliey  occur,  would 
account  for  the  colloitl  relationships  actually  found.  II  is  scarcely  nece^ssary,  perhaps,  to  add  that  llioy 
have  no  spatial  siKnidcance  hut  exi)r(\ss  chemical  relationsiiips  ordy. 
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1.  0  =  Si-0-K  0  =  Si-OH 

!  I 

0  o 

Si<     \      4-  2  HO^KOH  +        Si<      >AlOH 

1  \o  A  I  ^0/ 

O        ^Al  O 

I        /  I 

0  =  Si-0  0  =  Si-OH 

Orthoclase  Montmorillonitic 

acid 

If  this  roaction  takes  place  as  indicated  the  product  called  mont- 
morillonitic acid  should  have  a  maximum  silica-alumina  ratio  of  6  and 
should  be  an  amphoteric  substance.  No  such  pure  compound  has 
been  prepared  and  in  view  of  the  known  behavior  of  the  polysilicic 
acids  it  could  not  be  expected  to  exist  in  nature.  The  nearest  approach 
to  it  is  probably  the  montmorillonite  reported  by  Ross  and  Shannon 
(29)  in  which  the  silica-sesquioxide  ratio  is  5.26.  This  material  is 
not  free  from  iron  and  yet  so  far  as  the  original  mineral  contains  fer- 
ric iron  as  a  replacement  of  the  aluminium,  it  may  be  expected  to 
function  in  like  manner.  So  far  as  the  iron  present  in  the  original 
material  from  which  the  colloid  is  derived  is  ferrous  iron,  it  may  be 
expected  to  behave  as  indicated  in  the  hypothetical  equation  for  the 
hydrolysis  of  hornblende.     (Equation  2.) 

2.  Fe  SiOs  +  2H20->Fe(OH)2  +  H2  SiOg* 

In  case  ferrous  hydroxide  is  produced  its  further  course  may  vary 
in  detail,  but  eventually  it  appears  in  the  soil  colloid  as  ferric  oxide 
or  one  of  its  hydrated  forms. 

If  montmorillonitic  acid  or  its  acid  salts  be  subjected  to  further 
decomposition  by  hydrolysis  the  change  may  be  postulated  to  take 
place  as  shown  in  equation  3. 

3.  OH 

0  =  Si 

\ 
0  =  Si-0-H  OH 


0    0  HO  O 

1/  \  \   /  \ 

Si  A10H  +  2H20-^  Si  Al-OH 

l\  /  /   \  / 

0    0  HO  O 


0  =  Si-OH  OH 

/ 
0  =  Si 

,  Montmorillonitic  acid  Halloysitic  acid  and  metasilicic  acid 

»  In  hornblende,  augite,  and  many  similar  minerals,  the  ferrous  iron  is  present  as  a  salt  of  metasilicic 
acid.  The  following  statement  is  taken  from  Miers  {'24)  and  is  in  point.  "Groth,  following  Zambonini, 
makes  hornblende  (Uke  augite)  a  mixture  of  CaM!,'3(Si03)4  with  (MgFe")  (Al  Fe  "  ')i  (0)4  (in  pargasite), 
with  the  addition  in  black  hornblende  of  (Fe"  '  Al;j  (SiOjjs." 
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The  mixture  resulting  from  the  assumed  hydrolysis  has,  if  the 
silicic  acid  is  not  removed  by  leaching,  the  same  silica-alumina  ratio 
as  the  montmorillonitic  material  but  if  completely  freed  from  silicic 
acid  the  residue,  called  halloj^sitic  acid,  has  the  silica-alumina  ratio  of 
kaolinitic  clay.  If  it  has  the  assigned  formula  it  differs  from  the  min- 
eral kaolinite  by  its  water  content.  The  distinction  may  be  shown  by 
equation  4. 

4-  HO^   /^  HO  O 

HO  O  /   \^ 

-^05  +H2O 


HO  O 

\   /  \ 
Si  AlOH 

/   \  / 
HO  O 


Si  AlOH 

/   \  / 
HO  O 


Halloysitic  acid  Kaolinite 

That  such  a  reaction  may  occur,  even  in  the  presence  of  water,  is 
quite  in  harmony  with  the  occurrence  of  many  reactions  of  like  type 
in  the  case  of  carbon  compounds,  and  which  must  be  assumed  to  take 
place  with  the  silicic  acids  to  account  satisfactorily  for  the  existence  of 
salts  of  the  polysilicic  acids  in  minerals.  This  noncrystalline  material 
is  assumed  to  be  the  actual  "colloidal  clay"  of  highly  matured  soils 
which  are  not  laterites.  It  loses  a  part  of  its  water  readily  on  heating, 
as  should  be  expected  if  it  has  the  structure  indicated.  It  is  never- 
theless a  very  stable  compound,  as  shown  by  the  fact  that  it  does  not 
lose  all  its  water  component  until  heated  above  550°  C.  Its  stability 
is  also  indicated  by  the  enormous  quantities  of  it  existing  in  nature. 
The  corresponding  iron  compound,  nontronite,  appears  to  be  much  less 
resistant  to  change. 

It  must  not  be  assumed,  however,  that  the  halloysitic  acid  is  not 
subject  to  further  change.  The  same  type  of  reaction  which  has 
occurred  as  indicated  above  may  be  expected  to  continue  with  the 
results  as  indicated  in  equation  5. 

5.        HO  O  HO  OH 

\   /  \  \   / 

Si  A10H  +  2H20->  Si  +A1(0H)3 

/   \   /  /   \ 

HO  O  HO  OH 

If  this  hydrolytic  step  is  followed  by  leaching  of  the  orthosilicic 
acid  from  the  material,  or  its  conversion  to  secondary  quartz,  we  have 
the  last  stage  of  soil  formation.  The  residual  material  is  a  true  laterite, 
a  dead  soil,  consisting  essentially  of  the  hydroxide  of  aluniinum,  which 
does  not  dehydrate  readily,  and  of  ferric  hydro.xide,  which  does  dehy- 
drate readily,  even  in  the  presence  of  water,  and  which  in  warm  or 
dry  areas  may  become  ahiiost  comj)letely  "hematitized."  C'omplete 
latcrization  and  removal  of  siUca  is  not  connnon,  and  even  in  tropical 
areas  tiie  hydrolysis  of  the  halloysitic  acid  must  bo  considered  as 
exceedingly  slow.  The  normal  soil  for  tropical  regions  ought  therefore 
to  contain  varying  quantities  of  the  halloysitic  acidoid  complex. 


COLLOIDS  DERIVED  FROM  THE  GREAT  SOIL  GROUPS      37 

It  would  then  appear,  if  the  writers'  speculations  are  correct,  that 
the  progressive  hydrolysis  of  minerals  should  produce  three  types  of 
colloids  wliicli  may  be  distinguished  by  the  terms  montniorillonitic, 
halloysitic,  and  lateritic.  It  must  be  kept  in  mind  that  this  hydrolysis 
is  progressive  and  that  therefore  any  soil  sample  (except,  perhaps,  the 
completely  w^eathered  laterite)  may  have  present  at  the  same  time 
colloid  of  all  three  types  and  yet  one  be  dominant  and  be  the  character- 
istic form.  Besides  quartz,  the  soil  may  contain  undecomposed 
complex  minerals  wliich  are  subject  to  hydrolysis,  hydrated  slowly 
decomposing  mineral  matter  such  as  mica,  hydrated  silica,  and  such 
minor  mineral  particles  as  may  have  constituted  the  rock  which  formed 
the  parent  material.  \Miich  of  the  colloids  are  present  to  a  domi- 
nant degree  will  be  determined  by  the  extent  of  the  weathering  that 
has  occurred.  The  soil-forming  processes  being  very  slow,  the  situa- 
tion at  any  one  period  of  time  will  be  that  presented  by  a  system  in 
equilibrium  even  though  the  reactions  are  actually  in  progress.  It 
is  therefore  a  psuedoequilibrium.  The  situation  is  comparable  with  a 
series  of  almost  infinitely  slow  moving  pictures  and  the  progress  of 
the  action  may  not  be  followed  in  any  one  soil;  it  can  only  be  followed 
by  comparing  pictures  of  dift'erent  soils  representing  different  stages 
of  the  process. 

It  also  follows  fi'om  the  assumptions  made  that  the  amphoteric 
substances  comprising  the  essential  colloid  complexes  of  the  normal 
soils  of  the  Temperate  Zone  should  always  contain  both  basic  and 
acidic  radicals  derived  from  the  hydrolytic  processes  on  the  minerals 
themselves  or  from  adjacent  mineral  bodies  and  carried  through  the 
colloids  by  percolating  waters.  These  "adsorbed"  materials  may 
be  considered  as  held  by  true  chemical  combination  with  the  colloids. 
Tliis  assumption  in  no  way  contradicts  the  assumption  that  col- 
loid composition  and  behavior  may  also  be  modified  by  "surface 
phenomena." 

The  passage  of  water  through  the  soil  may  occur  either  essentially 
in  a  perpendicular  direction  or  in  a  direction  roughly  parallel  with  the 
surface.  In  the  former  case  all  materials  brought  into  true  solution 
or  colloidal  suspension  are  subject  to  possible  redeposition  at  greater 
depths  or  to  complete  removal  in  drainage  waters.  In  the  latter 
case  ordinary  erosion  occurs,  and  what  happens  to  the  suspended 
material  does  not  concern  the  soil  at  lower  levels,  though  it  may 
profoundly  affect  the  soil  situation  in  areas  where  the  eroded  material 
may  be  deposited.  The  character  of  the  eluviation  by  percolating 
waters  will  not  only  be  affected  by  the  rate  at  which  it  passes  but  by 
the  character  of  the  material  through  which  it  passes  before  reaching 
the  soil  proper.  Carbon  dioxide  absorbed  from  the  air  (or  possibly 
other  acids  from  polluted  air  such  as  air  polluted  by  smelter  or  other 
smoke)  or  from  organic  matter,  and  the  organic  acids,  whether  of  the 
humic  acid  or  other  types,  probably  are  materials  having  a  very  great 
effect  on  the  soil.  In  the  case  of  soils  developing  in  areas  where  the 
rainfall  is  insufficient  to  produce  percolation  to  the  depth  of  the  normal 
water  table,  no  removal  of  soluble  or  of  colloid  material  from  the  pro- 
file occurs.  Tlirough  eluviation  and  illuviation,  alteration  of  the 
distribution  of  colloid  within  the  profile  does  occur,  as  is  indicated  by 
the  zone  of  accumulation  in  the  chernozem  soils.  This  may  be 
presumed  to  occur  through  solution,  as  calcium  bicarbonate,  and  its 
redeposition  as  carbonate  at  the  mean  maximum  depth  of  water 
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penetration.  The  dry  periods  following  rains  do  not  return  the  calcium 
carbonate  toward  the  surface  to  the  same  extent  as  is  the  case  with 
salts  such  as  the  carbonates,  sulphates,  and  chlorides  of  magnesium, 
sodium,  and  potassium.  Where  percolating  water  reaches  the  water 
table  or  moves  in  considerable  volume  in  a  horizontal  direction, 
complete  removal  of  soluble  or  colloidal  material  from  the  soil  pro- 
file may  take  place. 

These  elementary  considerations  may  now  be  applied  to  the  soils 
examined  and  reported  on  in  this  bulletin.  Neither  in  the  profile 
nor  in  the  colloid  fractions  in  the  Amarillo  silt  loam  is  there  found 
any  material  alteration  of  composition.  The  chief  difference  in  the 
profile  lies  in  the  quantity  of  colloid  in  the  different  horizons.  It  is 
least  in  the  A  horizon  (23.9  per  cent)  and  greatest  in  the  next  lower 
stratum.  It  is  difficult  to  escape  the  conclusion  that  the  part  of  the 
colloid  not  formed  in  place  has  moved  dowTiward  as  a  whole.*  There 
is  evidence  of  alteration  of  the  relative  amounts  of  iron  oxide  and  alu- 
mina, as  shown  by  the  iron  oxide-alumina  ratio  both  for  the  profile  (3) 
and  in  the  fractions.  (Table  7.)  This  may  be  taken  to  indicate 
the  presence  of  some  free  iron  oxide  in  the  colloid.  There  is  also 
some  increase  in  the  silica-sesquioxide  ratio  of  the  coarsest  colloid. 
This  may  be  taken  as  evidence  of  the  presence  of  free  quartz  in  this 
fraction.  The  free  quartz  is  abundantly  evident  in  the  clay  and  silt 
fractions.  The  colloid  seems  to  conform  closely  to  the  composition 
of  the  montmorillonitic  type  of  colloid.  This  is  confirmed  by  the 
X-ray  examination  (16).  The  same  type  of  colloid  is  present  in  the 
Colby  silt  loam  from  Kansas  reported  hj  Middleton,  Slater,  and 
Byers  {23),  and  in  the  Barnes  silt  loam  from  South  Dakota  (14) 
reported  by  Denison. 

The  Marshall  silt  loam,  from  Nebraska,  is  not  a  pedocal  soil  but 
is  developed  under  grass  cover  with  sufficient  rainfall  to  produce 
percolation  through  the  profile  and  prevent  calcium  carbonate  ac- 
cumulation. Otherwise  the  soil  is  essentially  of  the  chernozem  type. 
Its  colloid  is  rich  in  bases,  though  not  saturated.  The  colloid  anal- 
yses of  the  profile,  so  far  as  determined,  show  essential  constancy  of 
composition.  To  a  minor  degree  the  iron  oxide-alumina  ratios  of 
the  A  and  B  horizons  show  a  slight  concentration  of  iron  oxide  in  the 
B  horizon,  yet  in  view  of  the  increased  concentration  of  colloid  in  the 
B  horizon  the  colloid  transported  downward  must  have  been  trans- 
ported as  a  whole.  The  same  condition  is  shown  by  the  fractions  of 
the  colloid  from  the  surface  layer.  (Table  8.)  This  composition 
is  essentially  the  same,  with  sfightly  greater  indication  of  "podzoli- 
zation"  as  indicated  by  the  changes  of  the  iron  oxide-alumina  ratios. 
The  X-ray  photographs  {16)  indicate  a  colloid  of  the  montmoril- 
lonitic type.  The  silica-alumina  ratios  indicate  the  same  type. 
Similar  colloids  exist  in  the  profile  of  the  Marshall  silt  loam  from  Iowa 
and  in  the  ])rofiles  of  Shelby  silt  loam,  Houston  clay,  and  Palouse 
silt  loam  reported  by  Middleton,  Slater,  and  Byers  {£3).  The  evi- 
dence so  far  accumulated  therefore  shows  the  prairie  soils  to  contain 
colloids  which  have  not  yet  been  weathered  to  the  degree  corre- 
sponding to  the  products  indicated  in  equation  3  but  are  intermediate 
between  that  condition  and  the  one  shown  in  equation  1. 

» It  is  to  be  recoKnizcd  that  with  movements  of  soil  water,  particularly  in  areas  of  limited  rainfall,  trans- 
location of  soil  iiiatcriiil  may  be  cither  downward  or  upward  through  tlie  soil  profile  (10),  with  conseijueut 
alteration  of  wdloid  content.  The  point  ouipliasized  hero  is  that  whatever  translocation  has  occurred 
has  not  altered  the  character  of  the  colloid  to  a  marlced  degree. 
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Turning  to  the  soils  of  the  podzol  type  there  is  found  a  strikingly 
different  situation  both  in  the  profile  and  in  the  colloid  fractions. 
In  the  Becket  silt  loam  profile  the  inorganic  colloid  increases  from 
0.9  per  cent  in  the  surface  layer  to  5.8  per  cent  in  the  Bi  and  5.5  per 
cent  in  the  B2  horizons,  and  the  analytical  data  show  marked  diver- 
gences. (5)  The  soil  is  developed  under  heavy  rainfall  at  low  annual 
mean  temperature  and  in  the  presence  of  the  debris  of  coniferous 
forests.  The  organic  matter  is  carried  in  large  relative  quantity  to 
considerable  depths.  The  pH  values  are  extremely  low  {3).  The 
iron  oxide-alumina  ratios  (3)  indicate  very  great  alteration  in  passing 
from  the  upper  to  the  lower  horizons.  The  silica-sesquioxide  ratios 
for  the  Bi  and  B2  horizons  indicate  an  apparently  lateritic  stage  of 
degradation.  Even  the  silica-alumina  ratios  of  the  Bi  and  B2  hori- 
zons do  not  reach  those  required  for  the  montmorillonitic  colloid. 
The  X-ray  examination,  nevertheless,  indicates  the  colloid  to  be  of 
this  type  (16).  The  fractions  of  the  colloid  (Table  9)  also  show 
marked  divergences  in  composition,  and  the  finest  fraction  shows  the 
highest  iron-oxide  content.  The  evidence  of  the  nonhomogeneity 
of  the  colloid  is  very  convincing  and,  in  contrast  with  the  chernozem 
and  prairie  colloids,  indicates  that  the  colloid  is  fractionated  in  being 
transported  from  higher  to  lower  levels.  The  base  content  indicates 
the  probable  presence  in  the  colloid  of  some  unhydrolyzed  mineral. 
The  same  general  relations  are  also  shown  by  the  tabulated  data  for 
the  podzol  soil  colloids  of  the  Superior  fine  sandy  loam  from  Wisconsin 
and  the  Emmet  fine  sandy  loam  from  Michigan,  and  with  the  pod- 
zolic  soils  of  the  Miami  and  the  Leonard  town  series.  It  may  then 
be  assumed  that  in  the  podzol  soils  the  first  stage  of  hydrolysis  of 
soil  minerals  is  represented  by  the  alumino  silicate  and  a  part  of  the 
iron  content  (equation  1),  and  that  with  this  stage  of  hydrolysis  a 
large  part  of  the  iron-oxide  content  is  derived  from  either  the  hydrol- 
ysis of  ferrous  minerals  (equation  2)  or  arises  as  a  result  of  the  final 
hydrolysis  of  ferruginous  clay.     (Equation  5.) 

When  the  group  of  red  and  yellow  soils  represented  by  the  five 
samples  examined  is  considered,  a  very  interesting  difference  is 
found  between  the  B  horizons,  as  represented  by  the  Davidson  clay 
loam  and  Cecil  clay  loam,  and  the  lower  strata  of  the  Durham  sandy 
loam,  Cecil  clay  loam,  and  Cecil  sandy  clay  loam.  In  these  soils,  devel- 
oped under  deciduous  forest  cover  and  high  temperature  and  moisture 
conditions,  no  such  wide  contrast  is  found  between  the  A  and  B 
horizons  (5,  10,  14)  as  in  the  podzols,  yet  the  differences  are  quite 
distinct  and  in  the  same  direction.  The  silica-sesquioxide  ratios  are 
less  than  2,  but  the  silica-alumina  ratios  approach  closely  those  re- 
quired for  a  colloid  of  the  hallyositic  type.  (Equation  3.)  In  the 
colloid  fractions  there  is  a  distinct  segregation  of  iron  oxide  in  the 
finer  fractions  and  a  close  approach  to  the  proper  silica-alumina  ratio 
for  clay  of  the  kaolinitic  type.  The  debris  of  the  deciduous  forests 
may  produce  organic  colloid  of  a  less  acid  type,  or  the  high  tempera- 
ture with  alternating  dry  periods  may  be  responsible  for  a  less  com- 
plete removal  of  the  iron  content  of  the  surface  soils  as  compared 
with  the  podzols.  This  incomplete  removal  of  the  laterized  iron 
content  does  not  prevent  the  almost  complete  removal  of  the  bases 
from  the  hypothetical  halloysitic  acid  which  is,  as  indicated  by  the 
work  of  Baver  and  Scarseth  (7),  a  less  active  acid  than  that  charac- 
terizing the  colloids  of  the  chernozem,  prairie,  and  podzol  soil  types. 


40         TECHNICAL   BULLETIN    319,  U.  S.  DEPT.  OF   AGRICULTURE 

The  lower  degree  of  hydration  of  these  colloids  at  lower  humidity 
(Table  6)  also  indicates  that  the  acid  is  less  stable  than  the  acids  of 
the  less  weathered  soils. 

The  general  relations  shown  by  the  two  Cecil  soils  are  in  harmony 
with  the  data  presented  on  a  series  of  soil  profiles  of  the  Cecil  series, 
as  well  as  with  the  data  on  the  Chester  series  presented  by  Holmes 
and  Edgington  (17).  When  the  deep-ljnng  strata  of  these  lateritic 
soils  are  considered  the  quantity  of  colloid  is  found  to  be  less  than  in 
the  strata  higher  in  the  profile,  and  they  also  have  a  lower  iron-oxide 
content  {10).  Also,  in  the  fractions  of  these  colloids,  small,  though 
distinct,  segregation  of  iron  oxide  occurs  in  the  finer  fractions.  In 
the  Durham  sandy  loam  sample,  there  is  little  evidence  in  the  C3 
horizon  (Table  13)  of  the  existence  of  free  aluminum  hj^droxide  either 
in  the  silica-alumina  ratio  or  in  the  quantity  of  combined  water. 
The  same  statement  holds  for  the  deep  sample  of  Cecil  sandy  clay 
loam.  (Table  14.)  In  the  deep  stratum  of  the  Cecil  clay  loam  sample 
(Table  15),  on  the  contrary,  there  is  segregation  of  iron  oxide  in  the 
finer  colloid  fractions,  even  though  the  total  iron  content  is  small. 
The  extraordinarily  low  silica-alumina  ratio  and  the  high  water  con- 
tent indicate  either  a  segregation  of  alumina  or  an  abnormal  local 
situation.  If  the  former,  it  would  appear  possible  that  a  true  or 
colloidal  solution  of  an  alumino-organic  complex,  aluminum  humate, 
has  been  carried  to  a  point  where  the  surfaces  of  the  weathering 
feldspars  furnish  a  pH  value  sufficiently  high  to  induce  flocculation. 
Proof  of  this  statement  is  admittedly  lacking. 

In  conclusion  it  should  be  stated  frankly  that  the  writers  are  quite 
aware  that  the  above  discussion  is,  in  part,  not  new,  and  that  also, 
in  part,  the  data  presented  in  the  bulletin  itself  are  not  adequate  to 
furnish  sufficient  basis  for  the  assumptions  made.  It  is  believed 
that  the  comprehensive  view,  as  stated,  is  warranted  by  the  bodj^ 
of  soil  colloid  data  and  that  the  views  expressed  furnish  a  basis  of 
correlation  of  available  information  which  lends  itself  to  the  organ- 
ization of  future  work.  It  is  further  recognized  that  the  statements 
given  are  not  so  fully  buttressed  by  facts  as  they  might  be  if  it  were 
not  desirable  to  make  the  outline  extremely  brief. 

SUMMARY 

The  results  of  an  analytical  study  of  eight  soil  samples  derived 
from  seven  different  profiles  are  presented. 

The  samples  were  fractionated  and  five  fractions  analyzed.  The 
fractions  were  the  silt  (5  to  50  microns),  clay  (1  to  5  microns),  and 
three  colloidal  sizes — finer  than  0.1  micron,  0.1  to  0.3  micron,  and  0.3 
to  1  micron.  The  dispersion  of  the  colloids  was  effected  by  water 
and,  in  some  instances,  with  ammonium  hydroxide  at  a  maximum 
pH  of  8.7. 

The  silt  and  clay  fractions  of  three  of  the  samples  were  further 
dispersed  with  sodium-hydroxide  solution  at  a  maximum  pH  of  11. 

The  samples  included  a  chernozem,  a  prairie,  a  podzol,  and  three 
lateritic  sods,  and  from  these  samples  the  writers  deduce  the  exist- 
ence of  colloids  of  three  distinct  types. 

The  fractions  of  the  colloids  of  the  chernozem  and  of  the  prairie 
soils  show  marked  similarity  in  composition  and  properties  within 
the  range  of  colloidal  size.  This  is  interpreted  as  indicatiiTg  the 
perscnce  of  a  definite  and  predominating  type  of  colloidal  acid. 
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Fractions  of  the  podzol  colloid  are  characterized  by  marked  varia- 
tion in  chemical  composition  indicating  the  existence  of  a  natural 
fractionation  process  which  is  in  operation  in  the  soils  of  this  group. 
The  inference  is  drawn  that  the  podzol  colloid  is  a  mixture  of  at  least 
two  substances,  iron  oxide  and  the  acidoid  complex  characteristic  of 
the  chernozem  soils. 

The  fractions  of  the  lateritic  colloids  studied  show  definite  differ- 
ences in  composition  but  not  so  marked  as  in  the  podzols.  These 
differences,  when  considered  along  with  the  profile  data  published 
elsewhere,  are  interpreted  to  indicate  the  existence  of  a  colloid  com- 
plex different  from  that  found  in  the  chernozem,  prairie,  and  podzol 
colloids. 

Certain  colloids  derived  from  soil  parent  material  at  considerable 
depths  show  marked  peculiarities  of  composition,  and  the  data  lead 
to  the  inference  that  the  colloidal  material  is  in  part  carried  down  from 
higher  levels  and  in  part  formed  in  place.  The  presence  in  these 
colloids  of  completely  laterized  material  is  also  inferred. 

The  water  vapor  absorption  over  3.3  per  cent  sulphuric  acid  and 
over  30  per  cent  sulphuric  acid,  and  the  heat  of  wetting  of  the  soil 
fractions  were  also  determined.  Variations  in  water  vapor  absorp- 
tion between  the  size  fractions  of  individual  soils  were  very  marked, 
as  was  also  the  variation  between  corresponding  soil  fractions.  From 
these  values  and  the  ratio  of  the  vapor  absorbed  over  3.3  per  cent  and 
30  per  cent  sulphuric  acid,  the  inference  is  drawn  that  water  vapor 
absorption  can  not  be  ascribed  to  surface  alone  but  is  also  dependent 
on  chemical  composition. 

The  study  of  the  "difficultly  extracted  "  colloid  shows  it  to  be  of  the 
same  general  character  as  that  more  easily  extracted,  though  there 
are  marked  differences.  The  fractions  are  also  more  divergent  in 
composition  than  is  the  case  with  the  more  readily  dispersed  material. 

The  examination  of  the  filtrates  obtained  in  the  extraction  of  tjie 
colloid  from  one  of  the  samples  indicates  that  the  dissolved  material 
is  largely  organic  matter,  the  inorganic  material  being  less  than  0.1 
per  cent  of  the  whole  soil  and  essentially  of  the  same  composition  as 
the  fine  colloid. 

The  general  discussion  of  the  data,  together  with  data  assembled 
previously,  presents  a  theoretical  outline  of  the  origin  and  nature  of 
soil  colloids  which  the  writers  believe  to  be  in  harmony  with  the  facts 
presented.  According  to  this  outline,  the  soil  colloids  represent  pro- 
gressive stages  of  degradation  of  complex  silicates  through  hydrolysis, 
in  which  are  to  be  distinguished  the  montmorillonitic  acid  and 
halloysitic  acid  stages  and  the  final  or  lateritic  stage.  The  two  hypo- 
thetical acids  are  both  amphoteric.  The  colloids  themselves  consist 
of  the  partly  neutralized  salts  of  these  acids  and  contain  both  acidic 
and  basic  radicals,  together  with  organic  colloid.  The  lateritic  col- 
loids possess  only  very  limited  base-holding  capacity.  Since  the 
process  of  soil  formation  is  continuous,  no  single  colloid  can  be  ex- 
pected to  contain  one  colloid  component  only,  but  in  each  colloid  one 
component  may  be  expected  to  dominate.  The  behavior  of  the  soil 
will  be  in  general  harmony  with  the  chemical  properties  of  its  domi- 
nant colloid,  modified  by  the  presence  of  other  components  so  far  as 
they  occur. 
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INTRODUCTION 

The  effect  of  abnormal  atmospheres  on  the  growth  of  fimgi  and  on 
the  keeping  quality  of  fruit  and  vegetables  has  been  a  matter  of  dis- 
cussion for  more  than  a  century,  and  beneficial  effects  from  different 
types  of  gas  storage  have  often  been  reported.  The  present  studies 
were  undertaken  not  so  much  with  the  idea  of  developing  a  method 
of  storage  as  with  the  hope  of  finding  at  least  a  partial  remedy  for 
the  spoilage  that  results  from  the  warm  condition  of  fruit  and 
vegetable  products  during  the  first  hours  after  loading  for  shipment. 

1  The  wiiters  wish  to  acknowledge  their  indebtedness  to  Neil  E.  Stevens  for  cooperation 
in  the  strawberry  and  dewberry  shipments,  and  to  D.  F.  Fisher  and  his  associates  for 
cooperation  in  the  shipments  in  which  blower  precooling  was  used.  They  also  wish  to 
express  their  appreciation  of  the  kind  cooperation  of  growers,  and  of  representatives  of 
the  various  transportation  companies  concerned. 
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It  seemed  possible  that  a  limited  use  of  solid  carbon  dioxide  might 
be  of  value  in  this  connection,  both  because  of  its  refrigerating  effect 
and  because  of  the  inhibiting  action  of  the  carbon  dioxide  gas  pro- 
duced. To  determine  the  practicability  of  this  method  of  food 
preservation  required  detailed  information  concerning  the  various 
effects  of  the  gas  upon  different  fruits  and  vegetables  under  various 
conditions. 

Since,  in  preliminary  experiments,  it  was  found  that  the  peach  and 
the  strawberry  were  particularly  susceptible  to  injury  from  carbon 
dioxide  gas,  they  have  been  given  special  consideration.  This  bulle- 
tin reports  the  results  of  four  years'  experimental  work  on  peaches 
and  strawberries,  three  years'  work  on  dewberries,  and  tests  on  other 
fruits  and  on  vegetables. 

REVIEW  OF  LITERATURE 

In  1821  Berard  (3)^  reported  that  most  fruits  can  be  preserved  for 
a  certain  period  by  picking  a  few  days  before  they  are  ripe  and  stor- 
ing in  an  atmosphere  free  from  oxygen.  Peaches,  plums,  and  apri- 
cots were  held  in  good  condition  for  20  to  30  days,  and  pears  and 
apples  for  3  months ;  but  when  these  periods  were  exceeded,  the  fruit 
failed  to  ripen  upon  removal  to  normal  air.  Berard's  paper  was 
considered  of  sufficient  importance  to  be  awarded  a  prize  b}'  the 
French  Academy  of  Sciences,  but  apparently  his  new  method  of  food 
preservation  was  not  put  into  practical  use. 

In  1895  Lopriore  (^0)  showed  that  the  germination  of  the  spores 
of  Mucor  7nucedo  was  delayed  by  the  presence  of  10  per  cent  of  carbon 
dioxide  in  the  atmosphere,  and  that  pure  carbon  dioxide,  though 
producing  total  inhibition,  did  not  kill  the  spores  even  after  an 
exposure  of  three  months. 

In  1907  Fulton  {12)  reported  experiments  in  which  strawberries 
were  stored  in  packages  and  containers  having  various  degrees  of 
tightness.  A  moderately  tight  package  retarded  mold  to  some  extent 
and  was  of  material  value  in  retaining  the  bright  color  and  attractive 
appearance  of  the  fruit,  but  packages  that  were  sufficiently  tight  to 
allow  the  carbon  dioxide  of  the  storage  air  to  reach  a  concentration 
of  7  to  10  per  cent  in  a  period  of  six  days  caused  the  fruit  to  develop 
a  bad  flavor. 

In  1911  Gore  and  Fairchild  {13)  investigated  customs  already 
established  in  Japan  and  discovered  that  the  astringency  of  Japa- 
nese persimmons  could  be  removed  by  three  to  five  days'  storage  in 
an  atmosphere  of  carbon  dioxide. 

In  1913  Hill  {16)  reviewed  the  literature  on  gas  storage  of  fruits, 
raised  the  question  of  the  effect  of  holding  fruit  in  a  tight  refriger- 
ator car  without  change  of  air,  and  pointed  out  the  need  of  better 
means  of  preserving  fruit  in  transit.  He  reported  experiments  show- 
ing that  storage  in  oxygen-free  air  results  in  the  spoilage  of  the  flavor 
and  quality  of  the  fruit.  Apples  stored  in  hydrogen  or  nitrogen 
began  to  lose  their  normal  color  after  four  or  five  days.  Peaches 
held  in  hydrogen,  nitrogen,  or  carbon  dioxide  for  seven  days  acquired 
a  bad  flavor,  which  was  intensified  by  longer  storage.  The  rate  of 
softening  of  peaches  was  greatly  decreased  by  carbon  dioxide  and  to 

'  Italic  numbers  In  parentheses  refer  to  Literature  Cltod,  p.  58. 
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a  considerable  extent  by  hydrogen  and  nitrogen.  Ripe  Concord  and 
Catawba  grapes  respired  as  rapidly  in  hydrogen  or  in  nitrogen  as  in 
air,  and  during  the  first  36  hours  of  storage  this  was  also  true  of  ripe 
Duke  cherries;  but  the  respiratory  activity  of  green  peaches  was 
immediately  depressed  by  storage  in  either  hydrogen  or  nitrogen. 

Bartholomew  (2)  discovered  that  black-heart  of  potatoes  is  caused 
by  a  deficiency  of  oxj^gen  resulting  from  poor  aeration. 

Shear,  Stevens,  and  Rudolph  {-jO)  found  that  cranberries  held  in 
nearl}'-  pure  carbon  dioxide  were  spoiled  by  the  end  of  three  days, 
the  spoilage  becoming  evident  in  a  loss  of  color,  in  a  softening  of  the 
flesh,  and  in  the  development  of  a  bitter  flavor. 

Brooks  and  Cooley  (5)  and  Brooks,  Cooley,  and  Fisher  (7,  8) 
found  that  high  percentages  of  carbon  dioxide  for  a  short  period  or 
low  percentages  for  a  long  period  delayed  the  ripening  of  apples  and 
served  as  a  partial  preventive  of  apple  scald,  but  that  there  was 
danger  of  injuring  the  flavor  of  the  fruit.  Apples  were  held  in  pure 
carbon  dioxide  for  two  to  six  days  at  15°  C.  with  no  evident  injury, 
but  when  the  period  of  exposure  was  extended  the  fruit  developed  an 
alcoholic  and  nauseating  flavor,  often  followed  by  a  browning  and 
softening  of  the  flesh.  Apples  were  held  at  2.5°  in  an  atmosphere 
containing  2  to  3  per  cent  carbon  dioxide  for  20  weeks  without  in- 
jury, and  in  one  instance  in  14  per  cent  carbon  dioxide  at  15°  for 
several  weeks  without  injury;  but  attempts  to  use  higher  percentages 
of  carbon  dioxide  over  a  prolonged  period  resulted  in  serious  damage 
to  the  fruit. 

Kidd  and  West  and  their  associates  of  the  Food  Investigation 
Board  of  England  made  an  extensive  study  of  the  effects  of  carbon 
dioxide  upon  fruit.  In  the  report  of  the  board  for  1919  (i^,  Ept. 
1919,  pp.  17-18)  it  was  stated  that  strawberries  could  be  kept  in  ex- 
cellent condition  for  three  to  four  weeks  at  1°  to  2°  C.  either  in  an 
atmosphere  of  oxygen  or  in  one  containing  reduced  amounts  of  oxy- 
gen and  moderate  amounts  of  carbon  dioxide.  Under  both  of  these 
conditions  the  growth  of  fungi  was  markedly  inhibited.  In  1920 
(i^,  Rpt.  1920)  an  experiment  was  reported  in  which  the  storage  life 
of  apples  was  doubled  by  holding  in  gas  storage  with  an  average 
concentration  of  14  per  cent  carbon  dioxide  and  about  8  per  cent 
oxygen. 

In  a  special  report  of  the  board  in  1923  {18)  it  was  pointed  out 
that  the  losses  in  oversea  shipments  from  soft  scald  of  apples  and 
brown-heart  of  apples  are  due  to  the  poor  ventilation  in  the  hold  of 
the  ship  with  the  accompanying  increase  in  carbon  dioxide  and  de- 
crease in  oxygen.  The  lowest  concentration  of  carbon  dioxide  associ- 
ated experimentally  with  the  occurrence  of  brown-heart  was  13.6 
per  cent.  In  a  special  report  in  1927  {19),  gas  storage  was  shown 
to  give  its  optimum  results  at  a  temperature  of  about  46.5°  F.  At 
that  temperature,  storage  in  atmospheres  containing  12  per  cent  of 
carbon  dioxide  and  9  per  cent  of  oxygen  practically  doubled  the 
storage  life  of  apples  and  was  approximately  equivalent  to  air  stor- 
age at  34°.  It  was  found  that  gas  storage  (10  per  cent  carbon  dioxide 
and  11  per  cent  oxygen)  owed  its  effectiveness  as  much  to  the  reduc- 
tion in  the  quantity  of  oxygen  as  to  the  increase  in  carbon  dioxide. 

These  investigators  considered  that  10  per  cent  of  carbon  dioxide 
might  be  excessive  at  temperatures  below  42°  F.,  and  11  per  cent  or 
less  of  oxygen  dangerous  at  temperatures  above  65°.     Diminishing 
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the  oxygen  or  increasing  the  carbon  dioxide  concentration  in  an  at- 
mosphere was  found  to  decrease  the  respiratory  activity  in  propor- 
tion to  the  effect  upon  the  rate  of  ripening  or  aging  of  the  apples. 
Within  the  temperature  range  of  susceptibility,  they  found  that  the 
onset  of  low  temperature  internal  breakdown  was  accelerated  by  in- 
creasing the  concentration  of  carbon  dioxide  in  the  storage  air  above 

5  per  cent  or  by  reducing  the  concentration  of  oxj^gen  below  the  nor- 
mal 21  i^er  cent. 

Brown  (9)  found  that  within  very  wide  limits  variation  of  oxy- 
gen pressure  had  little  effect  on  the  germination  and  growth  of  fruit- 
rot  organisms,  whereas  carbon  dioxide  retarded  both  germination 
and  growth.  The  lower  the  temperature  the  weaker  the  nutrient, 
and,  to  a  less  degree,  the  greater  the  density  at  which  the  spores  were 
sown  the  more  marked  became  this  retarding  action.  He  considered 
that  the  greater  retardation  at  lower  temperatures  could  be  explained 
partly  on  the  basis  of  the  greater  solubility  of  carbon  dioxide  at 
these  temperatures.  A  concentration  of  carbon  dioxide  as  great  as 
20  per  cent  at  ordinary  temperatures  was  found  less  effective  in  con- 
trolling fungal  growth  than  was  a  drop  in  temperature  of  10°  C. 
without  carbon  dioxide.  He  found  that  carbon  dioxide  is  always  a 
retarding  factor  in  fungal  growth  except  in  cases  where  alkaline 
staling  takes  place,  and  then  it  acts  as  a  remedy,  making  the  growth 
greater  where  the  gas  is  present. 

Experiments  were  reported  in  which  Botrytis  cinerea,  Monilia  cin- 
erea^  Rhizopus  nigj^cans,  PeniciUium  glaucutn^  and  other  fungi  were 
tested  in  atmospheres  containing  different  percentages  of  carbon 
dioxide.  Of  the  above  fungi,  B.  cinerea  was  inhibited  most  by  the 
action  of  the  gas  and  P.  glaucwni  least.  When  inoculated  into  apples 
and  held  at  a  temperature  of  either  5°  or  15°  C,  Botrytis  was  almost 
completely  inhibited  by  20  per  cent  carbon  dioxide  and  greatly 
checked  by  10  per  cent.  M.  cinerea  was  also  greatly  inhibited,  but 
not  so  much  as  Botrytis,  while  P.  glaucum  was  very  little  affected 
even  by  20  per  cent  of  carbon  dioxide. 

Bergman  (^)  found  that  in  unventilated  cars  of  strawberries  the 
carbon  dioxide  did  not  exceed  2.5  per  cent,  and  he  considered  this 
amount  not  injurious.  .    . 

Magness  and  Diehl  {21)  reported  that  atmospheres  contammg 
carbon  dioxide  in  concentrations  of  5,  10,  20,  and  50  per  cent,  respec- 
tively, with  20  per  cent  of  oxygen,  markedly  inhibited  the  softening 
rate  of  apples,  the  retardation  in  rate  of  softening  varying  with  the 
carbon-dioxide  concentration.  Concentrations  of  5  and  10  per  cent 
of  carbon  dioxide  had  no  appreciable  effect  upon  the  flavor  of  apples. 
In  concentrations  of  20  per  cent  of  carbon  dioxide,  however,  there 
was  a  slight  flavor  of  fermentation,  and  fruit  held  in  concentrations 
of  50  per  cent  of  carbon  dioxide  was  entirely  inedible.  The  experi- 
ments were  made  at  71.5°  F.  and  were  continued  for  a  period  of  from 

10  to  11  days. 

Stevens  and  Hawkins  {31)  suggested  the  possibility  that  the  ac- 
cumulation of  carbon  dioxide  in  the  center  of  a  tightly  packed  car 
of  strawberries  might  be  sufficient  to  reduce  the  rot  development. 

Thomas  {32)  found  the  percentage  of  carbon  dioxide  in  the  stor- 
age air  to  be  a  controlling  factor  in  the  production  of  alcohol  and 
acotaldohyde  by  apples. 
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Diirrell  {10)  reported  that  concentrations  of  from  1  to  5  per  cent 
of  car])on  dioxide  stimulated  the  spores  of  Basisporium  gallarum 
to  profuse  germination,  whereas  control  cultures  failed  to  germinate. 

Fellows  {11)  found  that  a  variation  in  the  carbon  dioxide  content 
of  the  atmosphere  between  0.9  and  18  per  cent  did  not  greatly  affect 
the  growth  of  Ophioholus  graminis.  In  liquid  medium,  growth 
diminished  gradually  as  the  oxygen  concentration  decreased ;  on  solid 
medium,  marked  diminution  in  growth  did  not  occur  until  the  oxy- 
gen was  below  6  per  cent. 

Howe  {17)  found  that  a  continuous  flow  of  carbon  dioxide  into 
spore  suspensions  of  UstUago  levis  increased  the  percentage  of  germi- 
nation, apparently  as  a  result  of  favorable  changes  in  the  hydrogen- 
ion  concentration. 

Platz,  Durrell,  and  Howe  {W)  reported  that  atmospheres  contain- 
ing 15  per  cent  of  carbon  dioxide  were  optimum  for  the  germination 
of  chlamydospores  of  Ustilago  zeae.  They  attributed  the  stimulating 
effect  of  the  carbon  dioxide  to  the  increase  in  acidity  that  it  pro- 
duced in  the  culture  medium. 

Rippel  and  Bortels  {%!)  found  that  spores  of  Aspergillus  niger 
germinated  very  poorly  in  an  atmosphere  free  from  carbon  dioxide. 

Overholser  {25)  found  that  the  storage  life  of  Fuerte  avocados 
could  be  considerably  extended  by  holding  them  in  an  atmosphere 
having  only  4  to  5  per  cent  of  oxygen  and  not  over  4  or  5  per  cent  of 
carbon  dioxide.  Exposure  to  an  atmosphere  containing  20  to  25 
per  cent  of  carbon  dioxide  did  not  result  in  objectionable  flavors, 
but  prevented  normal  softening  of  the  flesh  even  after  removal  from 
the  experimental  conditions. 

In  another  publication,  Overholser  {24)  reported  that  the  astrin- 
gency  of  Japanese  persimmons  could  be  removed  by  exposure  to  an 
atmosphere  of  carbon  dioxide  for  12  to  24  hours. 

Barker  {1)  found  oranges  less  liable  than  apples  to  injury  from 
high  concentrations  of  carbon  dioxide.  Pronounced  injury  resulted 
after  five  weeks'  storage  in  25  to  40  per  cent  carbon  dioxide  at  34°  F., 
but  not  at  45°  and  55°. 

Onslow  and  Barker  (23)  reported  that  the  alcohol  content  of 
oranges  severely  injured  by  storage  in  an  atmosphere  of  high  carbon 
dioxide  and  low  oxygen  concentration  is  significantly  higher  than 
that  of  control  oranges. 

Thornton  {33)  has  shown  that  the  life  of  cut  flowers,  especially 
roses,  can  be  prolonged  by  holding  them  in  an  atmosphere  containing 
a  relatively  high  percentage  of  carbon  dioxide.  For  a  12-hour 
period,  concentrations  of  GO  to  80  per  cent  of  carbon  dioxide  were 
found  desirable,  and  for  a  24-hour  period,  concentrations  of  30  to 
50  per  cent.  In  a  later  publication  Thornton  {34)  reports  the 
tolerance  of  various  fruits  and  vegetables  to  carbon  dioxide. 

The  effect  of  carbon  dioxide  upon  bacteria  has  been  investigated 
from  many  angles,  the  results  varying  widely  with  the  species  tested. 
The  literature  extends  over  a  period  of  50  years  and  recently  has 
been  fully  reviewed  by  Valley  (5-5). 

PURPOSE  OF  THE  INVESTIGATION 

It  is  evident  from  the  results  cited  that  increases  in  the  carbon 
dioxide  content  of  the  storage  air  may  have  a  marked  effect  upon 
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both  fruit  and  fungi  and  that  this  effect  will  vary  with  the  temper- 
ature and  also  with  the  organism.  Despite  the  well-established 
fact  that  carbon  dioxide  has  a  definite  inhibiting  action  upon  certain 
parasitic  organisms  and  also  upon  the  ripening  of  certain  fruits,  the 
investigators  who  have  made  the  most  thorough  study  of  the  sub- 
ject apparently  have  not  felt  justified  in  recommending  gas  storage 
for  general  use,  because  of  the  danger  of  injuring  the  fruit. 

The  present  studies  have  been  made  with  the  particular  purpose  of 
determining  the  effect  of  short-period  gas  storage,  such  as  might  be 
used  in  car-lot  shipments,  as  a  possible  substitute  for  precooling. 

METHODS  AND  APPARATUS 

Experiments  were  carried  out  at  constant  temperatures  with  a 
constant  percentage  of  carbon  dioxide,  and  also  in  "  pony  "  refrig- 
erators and  in  standard  refrigerator  cars  where  both  the  tempera- 
ture and  the  percentage  of  carbon  dioxide  were  continually  dropping 
during  a  considerable  part  of  the  period  of  the  experiment. 

EXPERIMENTS   AT   CONSTANT  TEMPERATURES 

The  constant-temperature  experiments  were  carried  out  in  a  series 
of  six  refrigerator  boxes,  each  having  a  capacity  of  about  1  cubic 
yard.  A  different  temperature  was  maintained  in  each  box,  thus 
making  it  possible  to  test  fruit  of  the  same  lot  under  six  different 
conditions  of  temperature. 

The  fruit  and  the  cultures  of  fungi  that  were  used  as  controls  were 
held  in  moist  chambers  having  a  capacity  of  about  1  gallon.  Those 
that  were  subjected  to  carbon  dioxide  were  held  in  wide-mouthed 
9-quart  bottles.  The  usual  glass  stoppers  for  these  bottles  were 
replaced  by  2-hole  metal  stoppers  sealed  in  position  with  plasticine. 

A  constant  percentage  of  carbon  dioxide  was  maintained  in  the 
test  chambers  by  means  of  continuous  renewal  of  the  storage  air. 
The  desired  atmosphere  was  made  up  outside  the  storage  container 
and  passed  rapidly  into  it  until  the  percentage  of  carbon  dioxide  in 
the  exit  air  had  become  practically  constant.  The  movement  was 
then  slowed  down  but  kept  practically  continuous  throughout  the 
experiment.  From  75  to  115  quarts  of  the  gas  mixture  were  passed 
through  each  container  in  a  period  of  24  hours. 

The  storage  bottles  for  the  prepared  atmosphere  were  outside  the 
refrigerator  boxes,  and  the  air  from  them  was  passed  through  coils 
of  copper  tubing  within  the  boxes  before  entering  the  containers  that 
held  the  fruit  and  cultures.  This  arrangement  brought  the  tempera- 
ture of  the  entering  air  down  to  approximately^  that  of  the  refrig- 
erator box  before  it  passed  into  the  container  holding  the  test 
material. 

The  prepared  atmospheres  were  always  made  by  mixing  carbon 
dioxide  with  laboratory  air.  When  tlie  carbon  dioxide  content  of 
normal  air  was  increased  to  10  per  cent,  the  oxygen  content  was 
therefore  reduced  from  21  per  cent  to  18.9  per  cent,  and  with  25  per 
cent  carbon  dioxide  added  the  oxygen  was  reduced  from  21  per  cent 
to  15.75  per  cent. 

Carbon  dioxide  determinations  were  made  eitlier  by  the  absorp- 
tion method  or  by  means  of  an  electrical  carbon  dioxide  indicator. 
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The  desired  percentages  of  carbon  dioxide  were  usually  maintained 
within  1  per  cent,  but  where  one-fourth  or  more  of  the  atmosphere 
was  composed  of  carbon  dioxide  the  results  of  the  experiment  were 
not  discarded  if  short-period  variations  of  2  or  3  per  cent  were  found. 

EXPERIMENTS   IN   PONY   REFRIGERATORS 

Except  where  otherwise  stated,  the  pony-refrigerator  experiments 
were  made  in  80-quart  pony  refrigerators  of  the  type  used  in  Florida 
strawberry  shipments.  These  refrigerators  have  two  ice  pans,  one 
across  the  top  and  a  vertical  one  beneath  which  divides  the  berries 
into  two  separate  stacks,  each  4  baskets  high,  2  baskets  wide,  and  5 
baskets  long.  Solid  carbon  dioxide  was  used  as  a  supplementary 
refrigerant  and  as  a  source  of  carbon  dioxide  gas.  It  was  always 
placed  in  the  top  pan  and  usually  on  top  of  a  layer  of  ice.  In  later 
experiments  it  was  placed  in  the  four  corners  of  the  top  pan  and 
partly  separated  from  the  pan  and  from  the  ice  by  means  of  broken 
berry  baskets  or  similar  material. 

Complete  temperature  records  were  obtained  by  means  of  recording 
thermometers.  These  were  placed  in  the  bottom  of  the  berry  baskets 
and  peach  carriers  and  the  fruit  poured  in  over  them.  The  results 
of  the  recording  thermometers  were  checked  by  taking  the  tempera- 
ture of  the  fruit  at  the  close  of  the  experiment  and  in  some  instances 
by  placing  resistance  thermometers  beside  the  recording  ones  during 
the  experiment;  the  results  were  usually  in  close  agreement.  During 
the  periods  of  rapid  cooling  the  temperatures  as  reported  probably 
more  closely  represent  those  of  the  outside  tissue  of  the  fruit  than 
either  the  air  temperature  or  the  temperatures  in  the  center  of  the 
individual  fruits. 

Samples  of  the  atmospheres  within  the  refrigerators  were  obtained 
by  means  of  copper  tubes  that  passed  through  the  drainage  outlet 
and  extended  up  through  the  central  ice  pan  and  over  into  the  mass 
of  fruit.  Carbon  dioxide  determinations  were  made  as  described 
under  constant  temperatures  (p.  6). 

EXPERIMENTS   IN   STANDARD   REFRIGERATOR   CARS 

In  the  refrigerator-car  experiments,  solid  carbon  dioxide  was  used 
as  a  supplementary  refrigerant,  as  with  the  pony-refrigerator  tests. 
The  cars  were  iced  in  the  usual  manner,  and  the  solid  carbon  dioxide 
was  placed  in  the  main  body  of  the  car  on  top  of  the  load  of  fruit, 
as  described  in  the  legends  of  Figures  8  to  11,  22  to  26,  and  29  to  33, 
inclusive. 

Recording  thermometers  were  packed  in  the  baskets  and  carriers, 
as  described  above  for  the  pony  refrigerators.  They  were  always 
placed  in  the  top  baskets  or  carriers  of  the  top  crates  and  in  the 
bottom  baskets  or  carriers  of  the  bottom  crates. 

Samples  of  the  atmosphere  within  the  car  were  obtained  by  means 
of  tubes  of  copper  and  rubber  extending  from  various  points  in  the 
load  out  through  the  upper  opening  of  the  bunker  to  the  top  of  the 
car.  Air  was  drawn  out  through  these  tubes  by  means  of  an  air 
pump  until  the  percentage  of  carbon  dioxide  became  constant,  and 
samples  were  then  taken  for  record  analyses.  Analyses  were  made  as 
described  under  constant  temperatures. 
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STRAWBERRY  EXPERIMENTS 

In  the  strawbeiT}'  experiments  special  attention  was  given  to  the 
firmness  and  flavor  of  the  fruit  and  to  the  rate  of  development  of 
the  rots. 

The  firmness  of  the  fruit  was  determined  by  pressure  tests,  made 
after  methods  similar  to  those  reported  by  Magness  and  Tajdor  (22) . 
The  berry  was  placed  on  the  platform  of  a  dial  cigar  scale,  and 
the  rounded  end  of  an  indelible  pencil  (7  mm  in  diameter)  was 
brought  steadily  down  upon  it  and  the  pressure  increased  until  the 
berry  was  punctured.  The  pressure  was  read  in  ounces  as 
registered  on  the  scale  at  the  time  of  puncturing. 

The  question  of  determining  whether  the  flavor  of  the  berries 
was  normal  at  the  close  of  an  experiment  was  found  to  be  a  most 
difficult  matter.  A  conclusion  was  reached  by  having  two  or  more 
persons  test  the  flavor  without  knowing  the  previous  treatment. 
Individuals  would  sometimes  disagree  as  to  whether  the  treated  or 
control  lots  had  the  more  desirable  taste;  but  whenever  it  was  evident 
that  the  flavor  had  been  changed  by  exposure  to  carbon  dioxide, 
it  was  considered  advisable  to  set  this  down  to  the  discredit  of  the 
treatment,  even  though  some  individuals  might  find  nothing  objec- 
tionable in  the  change. 

The  first  effect  resulting  from  the  carbon  dioxide  treatments  was 
a  slight  loss  of  aroma.  With  more  prolonged  or  severe  treatment, 
this  was  followed  by  a  still  greater  loss  of  flavor  and  finally  b}'  the 
development  of  an  odor  of  fermentation  and  by  other  definitely 
objectionable  qualities.  The  more  highly  aromatic,  highly  flavored 
varieties  seemed  to  show  the  effect  of  the  carbon  dioxide  treatment 
sooner  than  did  those  having  less  aroma. 

Practically  all  the  rots  that  developed  without  inoculation  were 
due  to  either  Rhizopus  or  Botrj^tis,  so  the  inoculation  experiments 
were  confined  to  these  two  organisms.^  Khizopus  has  been  found 
to  cause  more  decay  on  strawberries  in  transit  than  all  other  rot 
organisms  combined  (28).  Botrytis  probably  comes  next  to  Rhizo- 
pus as  a  cause  of  loss  and  is  of  special  interest  because  of  the  diffi- 
culty of  controlling  it  by  means  of  low  temperatures. 

Botrytis  cinerea  Auct.  and  Rhizopus  nigricans  Ehr.  were  grown  on 
potato-dextrose  agar  in  various  concentrations  of  carbon  dioxide  and 
at  various  temperatures.  The  agar  was  poured  into  Petri  plates 
and  allowed  to  harden.  The  spores  were  then  pushed  into  the  layer 
of  agar  by  means  of  a  sterile  needle.  The  depth  to  which  the  spores 
were  pushed  did  not  seem  to  have  any  effect  upon  the  inhibiting 
action  of  the  carbon  dioxide.  The  results  of  the  experiments  are 
shown  in  Table  1. 

*  The  writers  are  indebted  to  L.  L.  Harter  for  tlie  pure  cultures  of  Rhizopus  nigricans 
that  were  used  in  their  inoculation  experiments.  The  Botrytis  cultures  used  in  the  inocu- 
lation worlc  were  oljtained  from  active  rots  on  strawberries  and  apparently  werefi.  cinerea. 
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Tabu;  1.^ — Gron:th  of  Botrytin  cinerca  and  Rhizopus  nigricans  on  culture  media 
in  atmospheres  containing  various  percentages  of  carbon  dioxide 


Tem- 
perature 

Length 
of  treat- 
ment > 

Diameter  of  colony 

CO2  in  atmosphere  (per  cent) 

Botrytis ' 

Rhizopus 

InCOj 

Control 

In  CO2 

Control 

10  —      . 

"  F. 

69 
60 
41 
68 
59 
50 
41 
77 
68 
59 
50 
41 
32 
77 
68 
59 
50 
41 
32 
77 
68 
59 
50 
41 
77 
68 
59 
50 
77 
68 
59 
50 

Hours 

23+164 

23+164 

24+163 

22+50 

22+50 

23+49 

23+49 

22 

23 

24 

46 

47 

48 

24 

25 

26 

48 

48 

48 

72 

72 

72 

72 

100 

26 

26 

50 

98 

24 

24 

22+23 

26+45 

Mm 
19 
8.2 
2.1 
27.5 
20.5 
3.2 
.5 
(25) 
(26.5) 
(9.5) 
(23.5) 
(8) 
(3.5) 
(7.3) 
(17) 
(3.2) 
(3.9) 
(2.6) 
(.8) 
2 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.8 

Mm 
23.2 
10 
2.5 
27.5 
19.5 
4.3 
.8 
(33.  5) 
(30) 
(26) 
(33) 
(21) 
(14) 
(15.4) 

Mm 

Mm 

10 - .     - 

10 

13 

13 

13. 

13 

17    .. 

17 

17 

17 

17 

17 

19 - 

19 

(19.3) 

(13.  7) 

(11.5) 

(8.5) 

(3.8) 

19 

19 

19    .. 

19 

23 

65 
40 
30 

6 

4 

5 

4 
12 
13 

7.3 

2.5 

5 

2.5 

23 

40 
0 
0 

95 

23 

32 

23 

2 

23 - ..- 

37 - 

30 
0 
0 
0 

95 

37 

12 

37 

30 

37 

21 

46 

46. 

46 

46 

1  Where  two  numbers  are  used,  the  first  shows  the  hours  of  e.xposure  to  carbon  dioxide  and  the  second 
the  additional  hours  at  the  given  temperature  before  the  record  was  taken. 

2  Numbers  in  parentheses  show  the  increase  in  diameter  of  colonies  that  were  large  enough  to  be  measured 
before  the  experiment  was  started.  In  all  other  cases  the  inoculations  were  made  at  the  time  the  experiment 
was  started. 

STRAWBERRIES  AT  CONSTANT  TEMPERATURES 

Strawberries  also  were  held  in  various  percentages  of  carbon  di- 
oxide at  various  constant  temperatures.  From  8  to  15  berries  w^ere 
used  under  each  condition  tested.  They  were  selected  individually 
and  with  great  care,  in  order  that  those  to  be  compared  under  differ- 
ent conditions  should  be  as  nearly  alike  as  possible  in  maturity, 
firmness,  size,  color,  and  freedom  from  injuries.  The  Rhizopus  in- 
oculations were  made  by  pushing  the  spores  into  the  flesh  of  the 
strawberries  in  the  usual  manner.  Botrytis  inoculations  that  were 
made  in  the  same  way  caused  no  evident  development  during  the 
period  of  the  experiment,  but  it  was  found  that  by  cutting  4-milli- 
meter disks  of  mycelium  and  agar  from  Petri-dish  cultures  and 
placing  them  on  the  berries  a  definite  rot  and  a  measurable  growth 
of  mycelium  could  be  secured.  The  Botrytis  growth  measurements, 
as  reported  in  Table  2,  indicate  the  increase  in  diameter  of  these 
mycelial  disks.  The  pressure  tests  were  made  as  described  on  page  8 
and  the  carbon  dioxide  atmospheres  w'ere  prepared  as  described  under 
Methods  and  Apparatus  (p.  6).     The  results  are  reported  in  Table  2. 
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Table  1  shows  that  atmospheres  containing  10  to  13  per  cent  of 
carbon  dioxide  had  little  inhibiting  effect  upon  Botrytis  grown  on 
culture  media,  whereas  atmospheres  with  17  to  19  per  cent  of  carbon 
dioxide  had  a  checking  effect  approximately  equivalent  to  that  of 
a  drop  of  18°  F.  in  temperature.  With  23  per  cent  of  carbon  dioxide 
both  Botrytis  and  Rhizopus  were  almost  completely  inhibited  in 
most  instances  both  on  the  culture  media  and  on  the  fruit.  (Tables 
1  and  2.)  On  culture  media  Botrytis  was  more  completely  inhibited 
than  was  Rhizopus,  whereas  on  the  fruit  the  reverse  condition  held. 
With  37  per  cent  of  carbon  dioxide  Botrytis  was  held  completely  in 
check  at  all  temperatures,  and  with  one  exception  this  was  also  true 
of  Rhizopus. 

The  records  on  resistance  to  pressure  at  the  close  of  the  experiment 
were  taken  while  the  fruit  was  still  cool.  This,  no  doubt,  accounts 
for  some  of  the  instances  in  which  the  pressure  was  higher  at  the 
close  of  the  experiment  than  at  the  beginning  (Jo).  Atmospheres 
containing  10  to  13  per  cent  of  carbon  dioxide  did  not  seem  to  have 
any  pronounced  checking  effect  upon  the  softening  of  the  fruit,  but 
those  containing  23  per  cent  or  more  of  carbon  dioxide  largely,  if 
not  entirely,  prevented  softening  at  all  temperatures.  At  the  higher 
temperatures  there  was  usually  a  marked  difference  in  firmness  be- 
tween the  treated  and  the  control  fruit  at  the  end  of  the  experiment. 
It  was  found  that  this  difference  was  maintained  for  a  considerable 
time  after  the  removal  of  the  fruit  to  the  same  atmospheric  con- 
ditions. 

The  small  number  of  berries  included  in  the  tests  and  their  wide 
individual  variation  made  the  determination  of  difference  in  flavor 
particularly  difficult  and  the  results,  perhaps,  somewhat  unreliable. 
It  will  be  noted  that  in  the  experiments  carried  out  in  1929  and  1930 
injury  was  obtained  with  lower  percentages  of  carbon  dioxide  and 
with  shorter  treatments  than  in  the  experiments  of  1928.  In  some 
instances  this  may  have  been  due  to  the  variety  of  berries,  but  the 
writers  are  convinced  that  as  the  work  progressed  they  developed 
a  much  more  critical  sense  of  taste  and  that  this  accounts  partly  for 
the  inconsistent  results.  In  the  experiments  of  1928  no  injury  to 
flavor  was  detected  after  subjecting  Missionary  berries  to  atmospheres 
containing  23  per  cent  of  carbon  dioxide  for  48  hours  at  77°  or  68°  F., 
96  hours  at  59°,  or  124  hours  at  41°  ;  and  no  injury  wa-s  detected  after 
exposure  to  37  per  cent  of  carbon  dioxide  for  24  hours  at  77°  or  68°, 
48  hours  at  59°,  72  hours  at  50°,  or  100  hours  at  41°.  In  the  experi- 
ments of  1930  a  reduction  in  aroma  was  noted  in  Missionary  and 
Dunlap  berries  after  exposure  to  17  per  cent  of  carbon  dioxide  at  68° 
for  23  hours,  and  in  the  experiments  of  1929  a  similar  change  in 
U.  S.  D.  A.  No.  450  was  noted  after  exposure  to  10  per  cent  of  carbon 
dioxide  for  23  to  24  hours  at  50°  and  41°.  The  writers  believe 
that  the  results  of  1928  could  be  duplicated  if  individuals  of  average 
taste  discrimination  were  the  judges,  but  in  light  of  later  experiments 
they  are  of  the  opinion  that  in  some  instances  there  may  have  been 
a  loss  of  flavor  in  the  1928  experiments  that  was  not  detected  at  the 
time  the  experiments  were  made. 

The  varieties  with  a  relatively  high  aroma  were  the  most  suscepti- 
ble to  injury  from  carbon  dioxide.  The  Heflin,  U.  S.  D.  A.  No.  450, 
and  Aroma  were  more  susceptible  than  were  Missionary  and  Klon- 
dike. 
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Strawberries  showed  a  greater  endurance  of  carbon  dioxide  treat- 
ments at  lower  temperatures  than  at  higher  ones.  The  differences 
were  fairly  consistent  with  the  usual  physiological  responses  to  tem- 
perature. 

STRAWBERRIES   IN   PONY  REFRIGERATORS 

The  pony-refrigerator  experiments  were  carried  out  as  described 
under  Methods  and  Apparatus  (p.  7)  and  the  inoculations  were 
made  as  described  under  Strawberries  at  Constant  Temperatures 
(p.  9).  In  addition  to  the  Petri-dish  and  disk  inoculations,  berries 
that  were  already  rotten  from  Botrytis  were  placed  at  various  points 
in  the  baskets,  and  at  the  close  of  the  experiment  a  record  was  taken 
of  the  number  of  berries  infected  by  contact  with  the  rotten  fruit. 

The  result  of  the  various  pony-refrigerator  experiments  are  shown 
in  Table  3  and  in  Figures  1  to  7,  inclusive. 


Table  3. 


-Condition  of  strawberries  held  in  pony  refrigerators  with  solid  carton 
dioxide  as  a  supplementary  refrigerant 


Ice 

Solid 
CO2 
used 

Pres- 
sure 
test 
upon 
remov- 
al 

Flavor  upon 
removal 

Ber- 
ries 
frozen 

Botrytis  rot 

Figure 
reference  • 

At  be- 
gin- 
ning 

At 

end 

Diam- 
eter of 
Petri- 
dish 
colo- 
nies 

In- 
crease 
in  di- 
ameter 

of 
disks 

Aver- 
age in- 
fec- 
tions 
from 
one 
rotten 
berry 

On  un- 
inocu- 
lated 
berries 

Rhizo- 
pus 
on  un- 
inocu- 
lated 
berries 

Fig.  l: 
a 

Lbs. 

135 

105 

90 

75 

135 
125 
120 
110 

135 
120 
110 
100 

144 
119 
119 
110 

183 
156 
144 

161 
145 
101 

163 

147 

94 

Lbs. 

0 

15 

16 

20 

0 
0 

1 
0 

16 
32 
40 
47 

36 
42 
23 
44 

50 
67 
73 

62 
66 
67 

22 
23 

37 

Lbs. 

0 

30 

45 
60 

0 
10 
15 
25 

0 

15 
25 
35 

0 

15 
20 
30 

0 
16 
18 

0 

15 
35 

0 

7 
12 

Oz. 

9.1 
12.5 
12.1 

12.2 

9.1 
10.2 

9.9 
10.4 

8.9 

9.4 

8.7 

11.4 

8.7 
11.1 
11.9 
13.2 

8.3 
9.6 

11 

9.7 
14.6 
15.3 

7.3 
9.6 

8.6 

Good 

Per 

cent 

0 

4 
16 
29 

0 
0 
2 
6 

0 
.5 
2.3 

6.7 

0 
6 
9 
9 

0 
0 
0 

0 

.5 
1 

0 
0 
0 

Mm 

5.5 
2.2 
0 
1 

Mm 
8 
3 
4 
3 

Num- 
ber 
1.8 
.3 
.2 
.1 

3.2 
2.3 
1.7 
1.8 

2.5 
.5 

1.8 
.6 

1.3 
0 
0 
0 

Per 

cent 

11.7 

6 

3.6 
2.7 

24.9 
24.8 
18.6 
22.8 

2 

1.4 
1.2 
1.2 

.4 
.3 
.4 
0 

2.9 
.5 
0 

12 
8.9 
7.6 

42.9 
21.7 
32.1 

Per 

cent 
25.4 
10.8 
8 
10 

5.4 

2  8 

6 - 

do 

c -. 

d 

Fig.  2: 
a 

Reduced  aroma 

do.-._. 

Good            -      -  - 

b 

Very  good     

c 

d 

Fig.  3: 

0 

do__ 

Reduced  aroma 

Fair. 

3.6 
2.5 

27  2 

6 

do 

Good       

34  2 

c 

31 

d 

27  8 

Fig.  4: 

a 

2 
0 
0 
0 

27 

11.5 

12 

17.6 
12 
9.6 

8.8 

47.7 

6 

C-_ 

Reduced  aroma 

Off  taste.. 

d 

Bad      . 

Fig.  5: 
0 

Good _ 

6 

Reduced  aroma 

do 

10  1 

C- 

9 

Fig.  6: 
a 

Good 

6 

do 

c 

Offflavor2... _ 

Fig.  7: 

0 

Good. 

5.8 
3.6 
3.6 

6 

do 

c 

do 

1  For  data  on  variety,  COj,  temperature,  and  length  of  treatment,  see  Figs.  1  to  7,  inclusive. 
'  After  3  days  at  50°  F.  the  objectionable  flavor  had  disappeared. 

In  most  cases  two  recording  thermometers  were  used  in  each  re- 
frigerator, thus  giving  opportunity  for  comparing  the  temperatures 
in  different  parts  of  the  same  container.  In  the  control  the  top 
layer  was  sometimes  a  few  degrees  warmer  than  the  bottom,  es- 
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pecially  at  the  beginning  and  near  the  close  of  the  experiment.  The 
middle  layers  were  always  warmer  than  the  top  layer,  and  the  fruit 
in  the  corners  was  always  warmer  than  that  in  the  center,  near  the 
vertical  pan. 

Where  solid  carbon  dioxide  was  used,  the  top  layer  of  fruit  was 
usually  as  cold  as,  and  sometimes  colder  than,  the  bottom  laver ;  and 
where  the  solid  carbon  dioxide  was  placed  in  the  corners  of  the  top 
refrigerating  pan,  the  difference  in  temperature  between  the  fruit  in 
^  the  center  and  that  in  the  corners 

was  much  less  than  in  the  control. 
When    freezing    injury    resulted 
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Figure  1. — Carbon  dioxide  curves  and 
temperature  curves  in  an  experiment 
with  Klondike  strawberries  in  pony 
refrigerators,  Chadbourn,  N.  C,  May  10 
to  13,  1928 :  a.  Control  refrigerator 
with  135  pounds  of  ice ;  b,  refrigera- 
tor with  105  pounds  of  ice  and  30 
pounds  of  solid  CO; ;  c,  refrigerator 
with  90  pounds  of  ice  and  45  pounds 
of  solid  CO- ;  d,  refrigerator  with  75 
pounds  of  ice  and  60  pounds  of  solid 
CO2  (no  record  of  CO2  percentage)  ; 
e,  outside  temperature.  The  thermo- 
graphs were  in  the  top  layer  of  baskets 


Figure  2. — Carbon  dioxide  curves  and  tem- 
perature curves  in  an  experiment  with  Klon- 
dike strawberries  in  pony  refrigerators, 
Chadbourn,  N.  C,  May  28  to  31,  1928:  a, 
Control  refrigerator  with  135  pounds  of  Ice  ; 
b,  refrigerator  with  125  pounds  of  ice  and 
10  pounds  of  solid  CO2 ;  c,  refrigerator  with 
120  pounds  of  ice  and  15  peunds  of  solid 
CO2 ;  d,  refrigerator  with  110  pounds  of  ice 
and  25  pounds  of  solid  CO2 ;  c.  outside  tem- 
perature. The  temperatures  shown  are  tlie 
average  of  records  from  the  top  and  bottom 
layers    of   baskets 


from  the  use  of  large  amounts  of  solid  carbon  dioxide  it  was  mostly 
in  the  top  layer  and  usually  worse  in  the  center  than  in  the  corners. 

Despite  the  fact  that  the  use  of  solid  carbon  dioxide  sometimes 
resulted  in  freezing  injury,  the  temperature  curves  of  Figures  1  to 
7  do  not  indicate  that  it  grea'tly  lowered  the  average  temperature  in 
the  boxes.  However,  by  the  proper  placing  of  the  solid  carbon  di- 
oxide it  was  found  ])ossible  to  bring  about  a  significant  lowering  of 
the  temjK'rature  in  the  warmer  parts  of  the  refrigerator  without 
causing  freezing  injury  in  tlie  colder  ])arts. 

The  most  significant  differences  in  temperature  came  at  the  close 
of  the  oxperinionts  in  cases  whore  tlie  outside  tonijierature  was  high  or 
the  storage  period  prolongtHl.     In  such  cases  the  temperature  of  the 
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control  rose  earlier  and  more  rapidly  than  that  of  the  refrigerator 
containing  solid  carbon  dioxide.  A  reason  for  this  is  found  in  the 
amount  of  ice  left  in  the  different  boxes  at  the  close  of  the  experi- 
ments, as  shown  in  the  third  column  of  Table  3.  The  carbon  dioxide 
gas  apparently  had  an  insulating  or  blanketing  effect  that  tended 
to  check  the  action  of  the  refrigerants,  thus  limiting  the  initial  rate 
of  cooling  but  extending  the  possible  period  of  refrigeration. 

The  carbon  dioxide  content  of  the  air  in  the  control  refrigerator 
was  tested  at  various  times  and  usually  found  to  be  1  to  IV2  pei'  cent. 
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Figure  3. — Carbon  dioxide  curves  and 
temperature  curves  in  an  experiment 
with  strawberries  from  United  States 
Department  of  Agriculture  breeding 
plots  at  Glenn  Dale,  Md.,  in  pony  re- 
frigerators, June  6  to  9,  1928.  The 
records  were  made  on  crosses  Nos.  1-- 
and  197  :  a,  Control  refrigerator  with 
135  pounds  of  ice ;  b,  refrigerator  with 
120  pounds  of  ice  and  15  pounds  of 
solid  CO2;  c,  refrigerator  with  110 
pounds  of  ice  and  25  pounds  of  solid 
CO2 ;  (?,  refrigerator  with  100  pounds 
of  ice  and  35  pounds  of  solid  COo ;  e, 
outside  temperature.  The  thermo- 
graphs were  in  the  top  layer  of  baskets 
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Figure  4. — Carbon  dioxide  curves  and 
temperature  curves  in  an  experiment 
with  strawberries  from  United  States 
Department  of  Agriculture  breeding 
plots  at  Glenn  Dale,  Md.,  in  pony 
refrigerators,  June  15  to  18,  1928  :  a. 
Control  refrigerator  with  144  pounds 
of  ice ;  h,  refrigerator  with  119 
pounds  of  ice  and  15  pounds  of  solid 
(,'02  (no  temperature  record)  ;  c,  re- 
frigerator with  119  pounds  of  ice 
and  20  pounds  of  solid  CO2 ;  d,  refrig- 
erator with  110  pounds  of  ice  and  30 
pounds  of  solid  CO2 ;  e,  outside  tem- 
perature. The  thermographs  were  in 
the   top   layer   of   basinets 


The  percentage  of  carbon  dioxide  gas  in  the  refrigerators  in  which 
solid  carbon  dioxide  was  used  is  shown  in  the  upper  portions  of 
Figures  1  to  7.  Little  difference  was  found  in  the  carbon  dioxide 
content  of  the  air  in  the  different  parts  of  the  same  refrigerator. 
The  records  as  reported  are  based  on  air  samples  taken  from  near 
the  center  of  the  refrigerator. 

As  would  be  expected,  there  was  a  fairly  close  relationship  be- 
tween the  amount  of  solid  carbon  dioxide  used  and  the  percentage 
of  carbon  dioxide  gas  in  the  air.  There  is,  however,  considerable 
variation  in  the  character  of  the  curves,  as  shown  in  Figures  1  to 
7.    Part  of  this  variation  was  due  to  the  fact  that  the  solid  carbon 
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dioxide  was  not  always  broken  up  to  the  same  degree  of  fineness,  and 
also  that  in  a  few  cases  free  downward  movement  of  the  gas  was 
somewhat  checked  by  the  containers  in  which  the  solid  carbon 
dioxide  was  held. 

It  will  be  seen  that  the  percentage  of  carbon  dioxide  gas  mounted 
rapidly  as  soon  as  the  refrigerators  were  closed;  a  maximum  was 
often  reached  within  half  an  hour,  followed  by  a  rapid  drop  a  few 
hours  later. 


During  the   first   6  to   10   hours  the  carbon   dioxide 
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Figure  5. — Carbon  dioxide  curves  and  tem- 
perature curves  In  an  experiment  with 
Missionary  strawberries  in  pony  refrig- 
erators, Plant  City,  Fla.,  March  4  to  7, 
1929  :  a.  Control  refrigerator  with  183 
pounds  of  ice ;  h,  refrigerator  with  156 
pounds  of  ice  and  16  pounds  of  solid 
CO2 ;  c,  refrigerator  with  144  pounds  of 
ice  and  18  pounds  of  solid  CO2.  The 
refrigerator  in  c,  bad  better  insulation 
than  the  others,  held  75  quarts  of  ber- 
ries Instead  of  80  quarts,  and  had  ice 
pans  on  the  side  instead  of  on  top  and 
in  the  center.  On  March  4  the  maxi- 
mum outside  temperature  was  87°  F., 
the  minimum  66°  ;  on  March  5  the 
maximum  was  74°,  the  minimum  54°  ; 
and  on  March  6  the  maximum  was  69° 
and  the  minimum  43°.  The  berries 
used  In  the  experiment  were  from  the 
experimental  plots  of  A.  N.  Brooks 
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Figure  6.^Carbon  dioxide  curves  and 
temperature  curves  in  an  experiment 
with  strawberries  from  the  United 
States  Department  of  Agriculture 
breeding  plots  at  Glenn  Dale,  Md.,  in 
pony  refrigerators.  May  22  to  25,  1929. 
The  records  were  made  on  crosses  Nos. 
25  and  620  and  on  Missionary  straw- 
berries :  a,  Control  refrigerator  with 
161  pounds  of  ice  ;  ft,  refrigerator  with 
145  pounds  of  ice  and  15  pounds  of 
solid  CO; ;  c,  refrigerator  with  101 
pounds  of  ice  and  35  pounds  of  solid 
CO2.  The  refrigerator  in  c  had  bet- 
ter insulation  than  the  others  and 
lacked  the  vertical  Ice  pan  described 
for  the  standard  refrigeration.  The 
temperatures  shown  are  the  average 
of  records  from  the  top  and  bottom 
layers  of  baskets.  On  May  22  the 
maximum  out.side  temperature  was  68° 
F.,  the  minimum  46°  ;  on  May  23  the 
maximum  was  75°,  the  minimum  45°  ; 
and  on  May  24  the  maximum  was  77°, 
the  minimum   60° 


content  was  usually  40  to  80  per  cent,  but  by  the  end  of  2-4  hours  it 
had  usually  dropped  below  10  per  cent,  and  often  to  1  or  2  per  cent. 
In  cases  where  the  carbon  dioxide  content  of  the  atmosphere  had 
fallen  to  25  per  cent  within  12  hours  and  to  10  per  cent  within  24 
hours,  no  injury  to  the  fiavor  of  the  fruit  could  be  detected;  but  in 
most  instances  where  these  percentages  were  exceeded  there  was 
either  a  loss  of  flavor  or,  in  the  more  extreme  cases,  a  definitely  dis- 
agreeable flavor.  In  tlie  three  instances  where  12  pounds  or  less  of 
solid  carbon  dioxi(]e  was  used  and  in  three  of  the  live  instances  where 
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15  or  16  pounds  was  used,  the  flavor  of  the  fruit  was  not  affected. 
Rapid  cooHng  seemed  to  decrease  the  probability  of  injury;  this  is 
in  agreement  with  the  differences  in  results  at  various  constant 
temperatures,  as  shown  in  Table  2. 

Sample  lots  of  fruit,  after  removal  from  the  various  refrigerators, 
were  held  for  later  tests  of  flavor.  In  a  few  instances  berries  lack- 
ing in  aroma  upon  removal  re- 
gained their  normal  flavor,  but  in 
most  instances  they  failed  to 
do  so. 

Increasing  the  carbon  dioxide 
content  of  the  storage  air  had  a 
very  significant  effect  on  the  firm- 
ness of  the  fruit.  Disregarding  the 
results  of  the  experiments  in  which 
the  flavor  of  the  berries  was  af- 
fected, the  average  resistance  to 
pressure  at  the  end  of  the  experi-  -(^v. 
ments  was  8.7  ounces  in  the  control 
refrigerators  and  11.2  ounces  in  the 
refrigerators  containing  solid  car- 
bon dioxide.  There  was  usu- 
ally a  corresponding  contrast  in 
the  number  of  extremely  soft 
berries. 

The  effect  of  the  solid  carbon  di- 
oxide upon  the  rot  organisms  was 
equally  significant.  Excluding  the 
instances  in  which  the  flavor  of  the 
fruit  was  affected,  the  average 
growth  of  the  rot  organisms  was 
reduced  more  than  50  per  cent  in 
all  the  inoculation  tests;  the  aver- 
age growth  of  the  Botrytis  rot  on 
the  uninoculated  fruit  was  reduced 
more  than  30  per  cent,  and  that  of 
the  Rhizopus  rot  on  the  uninocu- 
lated fruit  was  reduced  more  than 
50  per  cent.  Apparently  these  re- 
ductions were  largely  due  to  differ- 
ences in  the  carbon  dioxide  of  the  atmosphere  rather  than  to  differ- 
ences in  temperature. 

STRAWBERRIES  IN   REFRIGERATOR  CARS 

In  other  experiments  solid  carbon  dioxide  was  used  in  car-lot  ship- 
ments. The  method  of  handling  the  material  is  described  under 
Methods  and  Apparatus  (p.  7).  The  methods  of  inoculation  were 
the  same  as  those  used  in  the  pony-refrigerator  experiments  (p.  3). 
A  record  was  included  of  the  rot  development  on  the  uninoculated 
fruit. 

The  temperature  and  carbon  dioxide  records  are  shown  in  Figures 
8  to  11,  inclusive,  and  the  icing  records  and  time  and  place  of  ship- 
ment are  given  in  the  legends  to  these  figures. 

11824^—32 3 


Figure  7. — Carbon  dioxide  curves  and 
temperature  curves  in  an  experiment 
witli  stravt'berries  from  the  United 
States  Department  of  Agriculture 
breeding  plots  in  Glenn  Dale,  Md.,  in 
pony  refrigerators,  May  29  to  June  1, 
1929 :  a.  Control  refrigerator  with 
163  pounds  of  ice ;  b,  refrigerator 
witli  147  pounds  of  ice  and  7  pounds 
of  solid  CO2 ;  c,  refrigerator  with  94 
pounds  of  ice  and  12  pounds  of  solid 
CO2.  The  refrigerator  in  c  was  the 
same  as  described  under  c  of  Figure  6. 
The  temperatures  shown  are  the  aver- 
age of  records  from  the  top  and  bot- 
tom layers  of  baskets.  On  May  29 
the  maximum  outside  temperature  was 
83°  F.,  the  minimum  70°  ;  on  May  30 
the  maximum  was  85°,  the  minimum 
67°  ;  and  on  May  31  the  maximum 
was  92°,  the  minimum  69° 
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The  use  of  solid  carbon  dioxide  tended  to  lessen  the  melting  of  the 
ice.  (Figs.  10  and  11.)  Apparently  this  was  due  largely  to  the 
insulating  or  blanketing  effect  of  the  carbon  dioxide  gas,  since  the 
differences  in  temperature  between  the  cars  were  not  great  enough  to 
cause  any  decided  difference  in  the  melting  of  ice. 

The  temperature  curves  show  that  the  top  of  the  load  cooled  some- 
what more  rapidly  in  the  test  cars  than  it  did  in  the  controls.  In 
some  instances  this  was  true  of  the  bottom  center  of  the  cars  also, 
but  the  bottom  next  to  the  bunker  was  usually  as  warm  in  the  carbon 
dioxide  car  as  in  the  control  car.  There  was  thus  a  slight  tendency  to 
equalize  the  temperatures  of  the  different  parts  of  the  load.     This 

may  have  been  at  least  partly  due  to  the 
fact  that  the  solid  carbon  dioxide  was 
placed  directly  above  the  load.  There 
is  indication  in  some  of  the  curves  that 
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FiGL'RK  8. — Carbon  dioxide  curves 
and  temperature  curves  in  an  ex- 
periment with  Klondilfe  straw- 
berries shipped  in  standard  re- 
Irigorator  cars  from  Chadbourn, 
N.  C,  April  27,  1927.  The  brolcen 
lines  give  the  records  for  the  test 
car,  the  solid  lines  the  records  for 
the  control  car :  tc,  Top  center ; 
th,  top  bunker  ;  he,  bottom  center  ; 
hh,  liottom  blinker.  319  pounds  of 
solid  COo  was  used.  It  was  held 
in  a  box  in  the  center  of  the  car 
about  4  inches  above  the  top  of 
the  load.  The  recording  ther- 
mometer for  the  top  center  of  the 
car  was  beneath  this  box 


Figure  9. — Carbon  dioxide  curves  and  temperature 
curvi  s  in  an  experiment  with  Heflin  strawberries 
shipped  in  standard  refrigerator  cars  from 
Onley,  Va.,  May  23,  1927.  The  broken  lines  give 
the  records  for  the  test  car,  the  solid  linfs  the 
records  for  the  control  car  ;  tc,  Top  center  ;  th, 
top  bunker ;  he,  bottom  center ;  5b,  bottom 
bunker.  283  pounds  of  solid  CO2  was  used  in 
tlie  test  car.  It  was  held  about  6  inches  above 
the  load  in  three  boxes,  one  in  the  center  of  the 
car  and  one  in  each  end  at  a  distance  of  about 
5  feet  from  the  bunker.  Care  was  taken  that  the 
therraometer.s  should  not  be  located  under  the 
solid  COo.  Each  car  contained  224  crates  of 
berries 


the  use  of  the  solid  carbon  dioxide  in  the  main  body  of  the  car 
sometimes  caused  the  air  movement  in  the  bunker  to  be  reversed  for 
short  periods,  making  the  current  pass  upward  and  out  at  the  top 
instead  of  moving  downward  and  out  at  the  bottom. 

The  carbon  dioxide  content  of  the  air  mounted  rapidly  in  the  test 
car  as  soon  as  the  car  was  closed,  reaching  or  nearing  its  maximum 
in  one  or  two  hours.  In  the  experiment  reported  in  Figure  9  the 
carbon  dioxide  remained  below  10  per  cent ;  in  that  shown  in  Figure 
8  it  stayed  near  15  per  cent  for  several  hours  and  above  10  per  cent 
for  about  12  hours;  in  Figure  11  it  reached  a  maximum  of  20  per 
cent  and  remained  above  10  per  cent  for  about  18  hours;  in  Figure 
10  it  reached  a  maximum  of  30  per  cent  and  stood  above  10  per  cent 
for  15  to  25  hours,  depending  on  the  location  in  the  car. 
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In  the  experiments  reported  in  Figures  8  and  10  there  was  a 
greater  concentration  of  carbon  dioxide  in  the  top  center  of  the 
car  than  at  other  points,  but  in  the  experiments  of  Figures  9  and  11 
this  does  not  appear  to  have  been  the  case. 

The  percentage  of  carbon  dioxide  gas  was  affected  by  the  tightness 
of  the  car  as  well  as  by  the  amount  of  solid  carbon  dioxide  used.  The 
amounts  of  solid  carbon  dioxide  reported  in  the  legends  for  Figures 
10  and  11  probably  would  not  be  advisable  with  strawberries  loaded 
in  new  cars  or  in  cars  that  had  recently  been  reconditioned. 

A  number  of  analy- 
ses of  the  carbon  diox- 
ide content  of  the  air  in 
the  control  cars  were 
made,  and  it  was  usu- 
ally found  to  be  below  1 
per  cent  and  never 
above  1.75  per  cent. 

The  fruit  in  all  the 
cars  was  critically 
tested  at  destination  for 
anything  unusual  in 
taste,  but  nothing  could 
be  detected.  In  some 
instances  there  was  a 
suggestion  of  less  ma- 
turity in  the  fruit  of  the 
test  car,  but  this  seemed 
to  be  a  real  maturity 
difference  as  shown  in 
the  firmness  of  the  fruit 
rather  than  a  definite 
reduction  in  aroma  as 
mentioned  in  the  discus- 
sion of  the  pony  refrig- 
erator experiments  (p. 
17). 

For  the  records  on 
firmness  and  rots,  as 
shown  in  Table  4,  two  or 

more  crates  of  uniformly  graded  berries  were  selected  at  the  shipping 
point,  and  the  64  or  more  baskets  from  these  crates  were  substituted 
for  other  baskets  in  different  parts  of  the  car.  At  destination  these 
baskets  were  reassembled  for  note  taking.  This  arrangement  made 
it  possible  to  obtain  a  record  on  comparable  lots  of  berries  located  in 
the  different  parts  of  the  two  cars.  In  the  experiments  of  Figures 
8,  10,  and  11  the  fruit  of  the  test  crates  at  the  time  of  shipping  was 
distinctly  riper  and  softer  than  was  the  average  for  the  load.  The 
results,  therefore,  while  comparable,  show  the  condition  of  the  worst 
of  the  berries  of  the  regular  shipment  upon  arrival  at  destination 
rather  than  the  average  condition  of  the  load.  In  the  experiment  of 
Figure  9  the  results,  as  shown  in  Table  4,  give  a  good  picture  of  the 
general  condition  of  the  fruit  in  the  two  cars.  In  this  instance  all 
the  fruit  was  somewhat  soft  and  overripe  at  the  time  of  loading,  and 
the  shipment  was  on  the  road  practically  four  days. 


/O/v    --STA^      /P/^  .   ^/^     /^Af.    .  y4Ar      /?/V      y^/^      /?/•'. 


/Y^y^ 


/y^>^<i 


/%-/>' 7 


Figure  10. — Carbon  dioxide  curves  and  temperature 
curves  in  an  experiment  with  Klondike  strawberries 
shipped  in  refrigerator  cars  from  Chadburn,  N.  C,  May 
3,  1928.  The  broken  lines  give  the  records  for  the  test 
car,  the  solid  lines  the  records  for  the  control  car  :  tc. 
Top  center ;  th,  top  bunker ;  6c,  bottom  center ;  66, 
bottom  bunker.  798  pounds  of  solid  CO2  was  used  in 
the  test  car.  It  was  held  on  a  scaffold  in  the  center 
of  the  car  about  14  inches  above  the  load.  This  car 
also  had  2  per  cent  of  salt  added  at  the  shipping 
point.  The  control  car  required  a  total  of  390  pounds 
more  ice  at  the  reicing  stations  than  did  the  carbon 
dioxide  car.     Each  car  contained  224  crates  of  berries 
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The   treated   carload   was 
opened    19    hours    later 
than  the  control.    Rec- 
ord   taken    immediately 
after  opening  in  each  lot. 

Record  taken  immediately 
after    opening    of    cars. 
The  top  bunker  record 
for  the  carbon  dioxide 
car  was  from  third  layer; 
that  for  control  car  from 
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A  study  of  the  total  averages  in  Table  4  shows  that  while  the  per- 
centage of  Botrytis  infection  in  the  inoculated  fruit  was  small  it 
was  three  and  one-half  times  greater  in  the  control  cars  than  in  the 
test  cars.  The  Botrytis  rot  in  the  uninoculated  fruit  was  two  and 
one-half  times  greater  in  the  control  cars  than  in  the  test  cars,  and 
the  Rhizopus  rot  2*0  per  cent  greater. 

The  fruit  in  the  test  cars  showed  a  resistance  to  pressure  29  per 
cent  greater  than  did  that  in  the  control  cars  and  had  26  per  cent 
fewer  berries  that  were  too  soft  for  satisfactory  marketing. 

There  was  less  development  of  Botrytis  rot  and  less  softening  of 
the  fruit  in  the  top  of  the  test  cars  than  at  the  bottom  bunker  of  the 
control  cars.  The  average 
temperature  at  the  bottom 
bunker  of  the  control  cars 
was  about  13  degrees  lower 
than  the  average  temperature 
in  the  top  of  the  same  cars, 
yet  the  solid  carbon  dioxide 
had  a  greater  inhibiting  ac- 
tion upon  both  the  growth  of 
Botrytis  rot  and  the  soften- 
ing of  the  fruit  than  this  13- 
degree  lowering  of  tempera- 
ture. When  it  is  realized  that 
both  the  solid  carbon  dioxide 
and  the  carbon  dioxide  gas 
had  almost  entirely  disap- 
peared by  the  time  the  trip 
was  one-third  to  one-half 
completed,  the  efficacy  of  the 
treatment  is  still  more  em- 
phasized. The  difficulty  of 
controlling  Botrytis  rot  by 
means  of  low  temperatures  has 
been  one  of  the  discouraging 
features  in  strawberry  ship- 
ments; the  results  of  the  ex- 
periments just  described  give 
promise  of  a  practical  solution. 

Part  of  the  beneficial  effect 
of  solid  carbon  dioxide  on  the 
fruit  was  due  to  actual  differences  in  temperature ;  but  the  curves  in 
Figures  8  to  11,  inclusive,  and  the  reduction  in  the  rots  and  in  the 
softening  of  the  fruit  in  the  bottom  of  the  test  car,  as  well  as  in 
the  top,  indicate  that  it  must  have  been  largely  the  result  of  the 
inhibiting  action  of  the  carbon  dioxide  gas. 

PEACH  EXPERIMENTS 
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Figure  11. — Carbon  dioxide  curves  and  tem- 
perature curves  in  an  experiment  with  Klon- 
dike strawberries  sliipped  in  standard  re- 
frigerator cars  from  Chadbourn,  N.  C,  May 
14,  1928.  The  brol^en  lines  give  the  records 
for  the  test  car,  the  solid  lines  the  records 
for  the  control  car  :  tc.  Top  center  ;  th,  top 
bunker ;  he,  bottom  center ;  66,  bottom 
bunker ;  1,084  pounds  of  solid  CO2  was 
used  in  the  test  car.  It  was  held  on  a  scaf- 
fold in  the  center  of  the  car  about  14  Inches 
above  the  load.  Both  cars  received  2  per 
cent  of  salt  at  the  shipping  point  and  at  all 
reicing  stations.  The  control  car  required  a 
total  of  800  pounds  more  ice  at  the  reicing 
stations  than  the  carbon  dioxide  car.  Each 
car  contained  237  crates  of  berries,  making 
the  loads  three  layers  high  at  the  bunkers. 
The  top  bunker  record  for  the  carbon  dioxide 
car  was  from  the  third  layer,  whereas  that 
from   the  control   was  from   the  second  layer 


Experiments  similar  to  those  already  described  for  strawberries 
were  made  with  peaches.  The  firmness  of  the  fruit  was  determined 
with  a  pressure  tester  by  the  methods  described  by  Magness  and 
Taylor  {22).  The  determination  of  the  flavor  of  the  fruit  at  the 
close  of  an  experiment  was  almost  as  difficult  as  with  strawberries, 
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and  debatable  points  were  settled  in  a  similar  manner  (p.  8).  As 
with  strawberries,  the  first  objectionable  result  of  the  carbon  dioxide 
treatments  was  a  slight  loss  of  aroma.  With  more  prolonged  and 
severe  treatments  there  was  a  still  greater  loss  of  normal  peach 
flavor,  often  accompanied  by  the  development  of  definitely  objec- 
tionable flavors. 

In  the  study  of  the  behavior  of  the  peach  rots  two  different  meth- 
ods of  inoculation  were  used.  In  one,  the  spores  were  pushed  into 
the  fruit  by  means  of  a  needle,  and  two  punctures  were  made  in 
each  peach;  in  the  other,  10  punctures  were  made  in  each  peach  with 
No.  18  wire  (paper-clip  wire),  and  the  peaches  were  then  inoculated 
by  rolling  them  gentl}''  back  and  forth  in  large  paper  bags  together 
with  rotten  but  firm  peaches  that  were  heavily  covered  with  spores. 
The  peaches  inoculated  by  the  second  method  are  referred  to  in  the 
tables  as  "Monilia  dusted." 

Inoculations  were  made  with  Rhizopus  and  Monilia.  The  Rhi- 
zo])us  was  obtained  from  the  same  source  as  that  reported  for  straw- 
berries (p.  8)  and  was  therefore  known  to  be  R.  nigricans.  The 
Monilia  was  obtained  from  an  active  peach  rot  and  identified  as 
Sclerotinia  fructicola  (Wint.)  Rehm. 

PEACHES   AT   CONSTANT   TEMPERATURES 

The  effect  of  carbon  dioxide  upon  peaches  was  tested  at  various 
constant  temperatures.  From  5  to  15  peaches,  usually  10,  were  used 
under  each  condition.  The  peaches  were  selected  individually  and 
with  great  care  in  order  that  those  to  be  compared  under  different 
conditions  should  be  as  nearly  alike  as  possible  in  maturity,  firmness, 
size,  color,  and  freedom  from  injuries.  The  results  of  the  experi- 
ments are  shown  in  Table  5. 

Duplicate  treatments  did  not  always  have  the  same  effect  on  the 
flavor,  a  fact  indicating  that  no  sharp  line  can  be  drawn  as  to  the 
tolerance  of  peaches  for  carbon  dioxide.  At  68°  and  77°  F.  a  change 
in  flavor  sometimes  resulted  from  exposure  for  24  hours  to  atmos- 
pheres containing  25  per  cent  or  more  of  carbon  dioxide,  and  at  50° 
and  59°  from  exposure  for  48  hours  to  atmospheres  containing  30 
per  cent  of  carbon  dioxide ;  yet  in  many  instances  much  more  severe 
treatments  were  given  without  the  detection  of  any  change  in  flavor. 

High  percentages  of  carbon  dioxide  were  more  injurious  than 
lower  ones;  yet,  with  concentrations  of  25  per  cent  or  more  of  the 
gas,  the  differences  in  injury  were  not  particularly  pronounced. 

As  already  reported  for  strawberries  (p.  13),  there  was  a  marked 
difference  between  the  carbon  dioxide  tolerance  of  peaches  at  the 
higher  temperatures  and  tliat  at  the  lower  temperatures.  In  general, 
the  results  in  Tabic  5  indicate  tliat  one  day's  exposure  to  a  particular 
carbon  dioxide  treatment  at  77°  F.  is  as  likely  to  produce  objection- 
able flavors  as  two  days'  exposure  to  the  same  treatment  at  59°,  three 
days'  exposure  at  50°,  or  four  daysiL  exposure  at  41°.  These  data 
are  in  harmony  with  the  temperature  gradients  obtained  in  ])lant 
responses  in  general  and  suggest  a  close  relationship  between  the 
general  metabolic  activities  of  the  fruit  and  the  degree  of  suscep- 
tibility to  injury  from  atmospheres  containing  carbon  dioxide. 
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The  carbon  dioxide  treatments  had  a  decided  effect  upon  the  firm- 
ness of  the  fruit.  At  the  higher  temperatures,  atmospheres  con- 
taining 30  per  cent  or  more  of  the  gas  had  a  checking  effect  upon  the 
rate  of  softening  approximately  equal  to  a  drop  of  18°  F.  in  tem- 
perature, and  at  the  end  of  the  experiment  the  fruit  had  a  resistance 
to  pressure  about  50  per  cent  greater  than  that  obtained  in  the 
untreated  fruit  at  the  same  temperatures.  In  the  few  tests  made  with 
25  per  cent  of  carbon  dioxide,  the  differences  in  firmness  between  the 
treated  and  the  untreated  peaches  were  practically  as  great  as  when 
the  higher  percentages  of  the  gas  were  used. 

Carbon  dioxide  had  a  very  significant  inhibiting  action  upon  the 
development  of  both  Ehizopus  and  Monilia  rots  with  both  methods 
of  inoculation.  The  extent  of  the  inhibition  was  determined  by 
holding  the  fruit  at  the  temperature  at  which  the  experiment  was 
made  for  several  days  after  the  test  lot  was  removed  from  the  at- 
mosphere containing  carbon  dioxide,  and  then  comparing  the 
growth  curves  of  the  rots  so  as  to  determine  the  number  of  hours 
the  rots  on  the  treated  fruit  lagged  behind  those  on  the  control 
fruit.  The  results,  reported  in  Table  5,  are  for  inoculations  made 
just  before  the  experiment  was  started  and  therefore  include  the 
incubation  period  of  the  rot.  However,  in  a  number  of  duplicate 
experiments  made  with  rots  that  had  already  started,  the  degree 
of  inhibition  was  found  to  be  practically  the  same  as  in  the  experi- 
ments that  included  the  first  stages  of  rot  development. 

After  removal  of  the  fruit  from  carbon  dioxide  the  rots  usually 
enlarged  at  practically  the  same  rate  as  those  on  fruit  that  had  not 
received  the  gas  treatment;  but  in  some  instances,  especially  with 
the  higher  concentrations  of  carbon  dioxide,  normal  activity  was 
not  regained  immediately  upon  removal  from  carbon  dioxide,  thus 
indicating  that  the  inhibitory  action  had  extended  beyond  the  period 
of  treatment. 

The  delay  in  rot  development  resulting  from  exposure  to  various 
percentages  of  carbon  dioxide  is  shown  in  Table  5.  The  columns 
following  those  that  give  the  hours  of  delay  show  the  reduction  in 
the  efficiency  of  the  fungus  as  indicated  by  the  ratio  of  the  hours  of 
delay  to  the  hours  of  treatment. 

The  reduction  in  efficiency,  or  degi"ee  of  inhibition,  was  somewhat 
greater  at  the  lower  temperatures  than  at  the  higher  ones,  but  the 
difference  was  not  particularly  marked. 

The  reduction  in  efficiency  varied  with  the  percentage  of  carbon 
dioxide  used  and  was  approximately  in  proportion  to  it.  No  inhibi- 
tory effect  was  evident  after  treatment  wth  5  per  cent  of  carbon 
dioxide,  but  with  10,  25,  30,  and  37  per  cent  the  average  percentage 
of  reduction  in  efficiency  during  the  period  of  treatment  was  equal  to 
approximately  twice  the  percentage  of  carbon  dioxide  used.  With 
50  per  cent  of  carbon  dioxide,  almost  complete  inhibition  was  obtained 
during  the  period  of  treatment;  in  some  cases  a  definite  inhibitory 
action  extended  beyond  the  time  of  removal.  With  80  per  cent  of 
carbon  dioxide,  the  period  of  delay  was  nearly  always  greater  than 
the  period  of  treatment,  the  fungi  showing  very  definite  inhibition 
after  the  fruit  was  removed  to  normal  air. 
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In  most  of  the  experiments,  tests  were  carried  out  at  several  differ- 
ent temperatures  at  the  same  time  with  peaches  from  the  same  lot. 
This  gave  an  opportunity  to  compare  the  development  of  the  rots 
on  the  treated  fruit  at  the  higher  temperatures  with  that  on  the  un- 
treated fruit  at  the  lower  temperatures,  thus 
converting  the  inhibitory  action  of  the  carbon 
dioxide  into  approximate  temperature  equiv- 
alents. The  temperature  curves  of  Figures 
12  and  13,  showing  the  working  efficiency  of 
Monilia  and  Rhizopus  at  different  tempera- 
tures, Avere  also  of  aid  in  this  conversion  of 
values  {6).  While  the  results  have  been 
somewhat  variable,  it  can  be  said  in  general 
that  holding  peaches  at  77°  F.  in  10,  25,  30, 
37,  and  46  per  cent  of  carbon  dioxide  had 
effects  upon  the  rots  roughly  equivalent  to 
holding  them  during  the  period  of  treatment 
at  temperatures  12°,  22°,  27°,  33°  and  40° 
lower,  respectively.  Similar  gas  treatments 
at  68°  had  inhibitory  effects  upon  the  rots 
approximately  equivalent  to  temperature  re- 
ductions of  6°,  14°,  20°,  26°  and  32°,  respec- 
tively. Similar  treatments  at  59°  caused  corresponding  inhibitions 
approximately  equivalent  to  reductions  of  6°,  12°,  16°,  22°,  and  25°, 
respectively.  Putting  the  results  in  more  general  terms,  atmospheres 
carrying  30  to  37  per  cent  of  carbon  dioxide  had  a  checking  effect 
upon  the  rots  theoretically  equivalent  to  the  immediate  cooling  of  the 
fruit  from  common  summer  loading  tempera- 
tures to  temperatures  that  are  usually  ob- 
tained only  after  one  or  often  two  days  of    ^V"^" 
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Figure  12.  —  Temponitiire 
curves  for  the  incubation 
period  of  peach  rots, 
showing  the  relative  effi- 
ciency of  tlie  fungi  at  dif- 
ferent temperatures :  a, 
Monilia  needle  inocula- 
tions ;  b,  Monilia  dusted 
inoculations  ;  c,  Rhizopus 
needle  inoculations.  (Af- 
ter Broolis  and  Cooley,  6) 
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The  pony-refrigerator  experiments  with 
peaches  were  carried  out  as  described  under 
Methods  and  Apparatus  (p.  7).  The  results 
are  shown  in  Table  6  and  in  Figures  14  to  21, 
inclusive. 

The  use  of  solid  carbon  dioxide  as  a  supple- 
mentary refrigerant  usually  resulted  in  lower 
temperatures  and  more  rapid  cooling,  but  pos- 
si})ly  its  most  striking  refrigerating  effect  was 
in  delaying  the  melting  of  the  ice.  A  similar 
condition  has  already  been  pointed  out  under  the  discussion  for 
strawberries.     (P.  15.) 

Judging  by  most  of  the  results  in  the  constant-temperature  ex- 
periments with  peaches  (Table  5),  it  would  hardly  be  expected  that 
the  gas  treatments  shown  in  Figures  14  to  21,  inclusive,  would 
affect  the  flavor  of  the  fruit;  but  in  several  instances  the  peaches 
were  rendered  insipid  or  developed  objectionable  flavors.  The  corre- 
lation between  treatment  and  effect  was  not  particularly  close.     In 


^z   <'/    so   jp    ee     77   ff6 

Figure  ID.  —  Temperature 
curves  based  on  the  hourly 
increase  in  diameter  of 
peach  rots  :  a,  Monilia ; 
%,  Rhizopus.  (After 
Brooks  and  Cooley,  6) 
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general  it  may  be  said  that  under  the  conditions  of  the  experiments 
peaches  that  were  subjected  to  25  per  cent  or  more  of  carbon  dioxide 
for  as  long  a  period  as  24  hours  were  usually  found  at  the  close  of 
the  experiment  either  to  be  lacking  in  flavor  or  to  have  a  distinctly 
objectionable  taste.  In  experiments  where  high  percentages  of  car- 
bon dioxide  were  maintained  for  somewhat  shorter  periods  the  flavor 
of  the  peaches  remained  unaffected. 

The  effect  of  the  gas  treatments  upon 
the  firmness  of  the  peaches  was  usually 
pronounced.  Excluding  the  tests  in  which 
the  flavor  of  the  peaches  was  affected,  at 
the  end  of  the  experiments  the  average  |eo 
resistance     to      pressure      was      decidedlj'^  ^ 


I 

I 


higher  in  the  refrigerators  in  which  solid 
carbon  dioxide  was  used  than  in  the 
controls. 
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The  temperature  differences  be- 
tween the  various  refrigerators  were  not 
sufficient  to  account  for  much  of  this  dif- 
ference; it  must  therefore  be  attributed 
largely  to  the  effect  of  the  gas. 

The  carbon  dioxide  gas  also  had  a  very 
decided  inhibiting  effect  upon  both  Rhi- 
zopus  and  Monilia  rots.  (Table  6.)  In 
most  instances  the  peaches  were  held  at 
a  temperature  of  59°  F.  for  several  days 
after  removal  from  the  pony  refriger- 
ators, and  daily  measurements  of  the  rots 
were  taken  during  this  period.  On  the 
basis  of  growth  at  this  temperature,  the 
rots  on  the  fruit  from  the  various  re- 
frigerators containing  solid  carbon  dioxide 
were  one  to  three  days  behind  those  on 
the    fruit   from   the   control    refrigerators. 

In  some  instances,  especially  with  Rhizopus  and  with  Monilia- 
dust  inoculations,  the  rots  were  greatly  decreased  in  number  as 
well  as  in  size.  Rose  and  Butler  {29)  have  shown  that  when  fungus 
cultures  are  moved  from  lower  to  higher  temperatures  there  is  a 
lag  in  growth  that  is  correlated  with,  and  apparently  due  to,  the 
temperatures  at  which  they  had  previously  been  held.  In  the  pres- 
ent experiments,  however,  the  control  lots  of  fruit  were  subjected 
to  practically  the  same  changes  in  temperature  as  were  the  test 
lots ;  therefore  the  effect  of  the  previous  temperature  is  not  a  factor 
in  later  comparisons. 


Figure  14.  —  Carbon  dioxide 
curve  in  an  experiment  with 
Hiley  peaches  in  pony  re- 
friaerators,  August  12  to  14, 
1927.  The  refrigerators 
were  of  the  32-quart  size. 
The  control  refrigerator  re- 
ceived 60  pounds  of  ice,  the 
test  refrigerator  40  pounds 
of  ice  and  20  pounds  of 
solid  CO2.  The  curve  above 
shows  the  approximate  per- 
centage of  carbon  dioxide  in 
the  test  refrigerator.  The 
temperature  in  the  test  re- 
frigerator was  3.3°  F.  at 
midnight  August  12  and  42" 
at  9  p.  mi.  August  13.  The 
minimum  temperature  for 
the  control  refrigerator  was 
47° 
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By  the  use  of  the  equivalent  temperature  vahies  shown  in  Figures 
12  and  13,  it  is  possible  to  separate  the  effect  of  carbon  dioxide  gas 
on  the  rots  from  the  effect  of  any  differences  in  temperature.  If  the 
temperature  values  of  Figures  14  to  21  are  converted  into  work  units 
according  to  the  Monilia  needle-inoculation  values  of  Figures  12  and 
13,  it  is  possible  to  compare  the  relative  efficiency  of  the  fungus  under 
the  different  treatments,  with  the  temperature  factor  eliminated. 
The  results  of  such  a  comparison  are  shown  in  the  last  two  columns 
of  Table  6.  In  9  out  of  the  14  cases  analyzed,  the  fungus  was 
checked  by  the  carbon  dioxide  treatment  to  a  degree  equivalent  to 
total  inhibition  during  the  entire  period  in  the  refrigerator,  and  in 
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Figure  15. — Carbon  dioxide  curve  and  tem- 
perature curves  in  an  experiment  with  Belle 
peaches  in  3i'-quart  pony  refrigerators,  Au- 
gust 23  to  26,  1927:  a,  Control  refrigerator 
with  60  pounds  of  ice  ;  h,  refrigerator  with 
40  pounds  of  ice  and  20  pounds  of  solid 
COo.  The  thermographs  were  covered  with 
fruit  but  near  the  top  of  the  refrigerator 
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FiGCRE  16. — Carbon  dioxide  curve  and  tem- 
perature curves  in  an  experiment  with  Krum- 
m'el  peaches  in  32-quart  pony  refrigerators, 
October  7  to  10,  1927  :  a,  Control  refrigera- 
tor with  60  pounds  of  ice;  b.  refrigerator 
with  30  pounds  of  ice  and  26  pounds  of 
solid  CO2 


several  instances  complete  inhibition  can  be  considered  to  have  ex- 
tended over  into  the  period  of  storage  at  59°  F.  When  it  is  noted 
from  the  curves  in  Figures  14  to  21  that  the  carbon  dioxide  had 
usually  escaped  from  the  refrigerators  several  hours  before  the  fruit 
was  removed,  the  extent  of  the  inhibition  is  still  more  emphasized. 

The  number  of  hours  of  inhibition  or  the  percentage  of  inhibition 
reported  in  any  particular  instance  must,  of  course,  be  regarded  as 
approximate;  but  the  results  as  a  whole  give  great  emphasis  to  the 
po.ssible  value  of  carbon  dioxide  gas  as  a  deterrent  to  fungal  invasion. 

Mathematical  computation  of  the  inhibition  in  Rhizopus  needle 
inoculations  and  in  the  dusting  inoculations  with  Monilia  has  not 
been  attempted ;  but  the  data  given  in  Table  6,  and  other  records  not 
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reported,  are  sufficient  to  show  that  the  inhibition  in  both  of  these 
cases  was  as  great  as  that  with  the  Monilia  needle  inoculations. 


PEACHES    IN   REFRIGERATOR   CARS 

Solid  carbon  dioxide  was  used  also  in  car-lot  shipments  of  peaches. 
The  method  of  handling  has  been  described  under  Methods  and  Ap- 
paratus (p.  7),  and  the  methods  used  in  the  inoculation  of  the  fruit 
are  described  on  page  22. 

All    the    inoculations    were    made  ^ 
at  one  time  and  the  inoculated  fruit 
packed  at  once  beside  the  recording 
thermometers.     It    often    happened 
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I'iGURE  17. — Carbon  dioxide  curve  and  tempera- 
ture curves  in  an  experiment  with  Elberta 
peaches  in  32-quart  pony  refrigerators,  Octo- 
ber 12  to  15,  1927  :  a,  Control  refrigerator 
with  60  pounds  of  ice  at  the  beginning  of 
the  experiment,  31  pounds  added  October  13 
at  4  p.  m.,  and  27  pounds  added  October  14 
at  1  p.  m.  ;  6,  refrigerator  with  35  pounds 
of  ice  and  25  pounds  of  solid  CO2  at  the 
beginning  of  the  experiment  and  15  pounds 
solid  CO2  added  October  14  at  1  p.  m.  One 
layer  of  insulating  felt  was  used  between  the 
fruit  and  the  ice  pan  in  a,  and  two  layers 
of  felt   in   6 


^<}<s.  / 


Figure  18. — Carbon  dioxide  curves  and 
temperature  curves  in  an  experiment 
with  Belle  and  Elberta  peaches  in  80- 
quart  pony  refrigerators,  August  1 
to  4,  1928.  a.  Control  refrigerator 
with  135  pounds  of  ice ;  6,  refrigera- 
tor with  120  pounds  of  ice  and  15 
pounds  of  solid  CO2 ;  c,  refrigerator 
with  110  pounds  of  ice  and  2.")  pounds 
of  solid  CO2;  d,  refrigerator  with  100 
pounds  of  ice  and  35  pounds  of  solid 
CO2.  The  temperatures  reported  are 
the  average  of  records  from  the  top 
and  bottom  layers  of  basliets.  On 
August  4  record  fruit  was  transferred 
to  59°  F.  storage  chamber 


that  one  of  the  cars  was  loaded  earlier  than  the  others ;  in  such  cases 
an  effort  was  made  to  maintain  similar  temperature  conditions  by 
placing  all  the  test  fruit  in  the  car  that  was  being  loaded.  This  some- 
times resulted  in  a  drop  in  temperature  during  loading  followed 
by  a  rise  in  temperature  when  the  test  crates  were  finally  placed 
in  position  together  with  warmer  fruit.  The  temperature  and  car- 
bon-dioxide records  are  given  in  Figvires  22  to  26,  inclusive,  and 
the  icing  records  and  the  time  and  place  of  shipment  are  reported 
in  the  legends  to  these  figures. 

As  shown  in  Figures  22,  23,  24,  and  26,  the  solid  carbon  dioxide 
resulted  in  a  more  rapid  cooling  of  the  fruit  in  the  top  of  the  load, 
but  Figure  25  shows  that  the  cooling  in  the  top  of  the  carbon  dioxide 
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car  was  slightly  behind  that  in  the  control  car  and  decidedly  behind 
that  in  the  blower  car. 

In  the  experiment  of  Figure  22  the  carbon  dioxide  content  of  the 
air  in  the  refrigerator  car  remained  about  18  to  20  per  cent  for  the 
first  5  hours  after  the  car  was  closed  and  probably  dropped  rapidly 
after  that.  In  the  experiment  of  Figure  26  the  carbon  dioxide  was 
above  20  per  cent  for  10  hours  and  above  10  per  cent  for  18  hours, 
and  in  the  experiments  shown  in  Figures  23,  24,  and  25  it  was  above 
20  per  cent  for  about  14  hours  and  above  10  per  cent  for  23  hours  or 
longer.  The  percentage  of  gas  in 
some  shipments  (figs.  23  and  24)  \/<?o 
was  but  little  greater  than  in  others  § 
(figs.    25   and    26), 
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Figure  19. — Carbon  dioxide  curves  and  tem- 
perature curves  in  an  experiment  with 
Belle  peaches  in  80-quart  pony  refrigera- 
tors, August  15  to  18,  1928  :  a.  Control  re- 
frigerator with  141  pounds  of  ice;  6,  re- 
frigerator with  126  pounds  of  ice  and  15 
pounds  of  solid  COo ;  c,  refrigerator  with 
111  pounds  of  ice  and  30  pounds  of  solid 
CO2 ;  (I,  refrigerator  with  87  pounds  of  ice 
and  50  pounds  of  solid  CO2.  The  tempera- 
tures reported  are  the.  average  of  records 
from  the  top  and  bottom  layers  of  baskets 


FiGORE  20. — Carbon  dioxide  curves  and 
temperature  curves  in  an  experiment 
with  Belle  peaches  in  80-quart  pony 
refrigerators,  August  20  to  23,  1928 : 
a.  Control  refrigerator  with  140  pounds 
of  ice ;  b,  c,  and  d.  three  different  re- 
frigerators, each  with  90  pounds  of  ice 
and  50  pounds  of  solid  CO2 ;  6  differed 
from  the  others  in  having  two  %-inch 
holes  in  the  bottom  of  the  fruit  cham- 
ber. The  temperatures  reported  are 
the  average  of  records  from  the  top 
and  bottom  layers  of  baskets 


solid  carbon  dioxide  was  used.  This  difference  was  apparently  due 
to  the  fact  that  the  cars  of  the  later  shipments  were  new,  whereas 
those  of  the  earlier  shipments  were  not. 

In  all  cases  critical  tests  were  made  as  to  the  flavor  of  the  fruit 
at  destination,  but  there  was  no  indication  of  any  unfavorable  effect 
resulting  from  exposure  to  the  carbon  dioxide  gas.  The  peaches 
from  the  test  cars  tasted  somewhat  greener  in  some  instances  than 
did  those  in  the  control  cars,  and  the  pressure  tests  showed  that 
they  were  actually  less  mature;  but  the  differences  in  flavor  were 
not  unlike  the  differences  found  between  the  fruit  in  the  top  and  the 
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bottom  of  the  same  car.  In  one  shipment  (fig.  24)  the  fruit  was  held 
in  cold  storage  for  two  weeks  after  unloading;  at  the  end  of  that 
time  the  flavor  of  the  peaches  from  the  test  car  was  fully  as  good  as 
that  of  the  peaches  from  the  control  car. 

Sample  lots  of  fruit  from  the  other  shipments  were  forwarded  to 
Washington,  D.  C,  for  further  tests  on  flavor.  In  no  instance  was 
any  distinctly  objectionable  flavor  detected,  but  in  two  sliipments 
(figs.  25  and  26)  the  fully  ripened  peaches  of  the  test  cars  had  a 
slightly      different      flavor 
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from  those  of  the  control 
car.  The  variation  within 
the  particular  lots  was 
much  greater  than  the  dif- 
ference between  the  lots, but 
on  the  whole  the  fruit  from 
the  test  car  seemed  to  show 
a  slight  reduction  in  aroma, 
acidity,  and  juiciness,  and 
a  slight  increase  in  sweet- 
ness. In  Elberta  peaches 
the  usual  bitter  flavor  was 
lacking  in  the  treated  fruit 
while  still  present  in  the 
untreated.  Of  a  group  of  8 
persons  who  critically 
tested  the  fruit  from  the 
first  of  these  shipments 
(Belle),  3  could  detect  no 
difference  in  flavor,  4  pre- 
ferred the  fruit  that  had 
been  exposed  to  carbon 
dioxide,  and  1  preferred 
the  fruit  from  the  control 
car;  and  of  a  group  of 
16  who  tested  the  fruit 
from  the  second  shipment 
(Elberta),  5  could  find  no 
difference  in  flavor,  5  pre- 
ferred the  fruit  from  the 
test  car,  and  6  preferred 
the  fruit  from  the  control 
car. 

As  in  previous  experiments,  the  carbon  dioxide  had  a  very  decided 
effect  upon  the  firmness  of  the  fruit.  The  average  resistance  to  the 
pressure  tester  for  the  peaches  in  the  top  of  the  five  test  cars  was 
practically  the  same  as  that  for  the  peaches  in  the  bottom  of  the  five 
control  cars  and  differed  but  little  from  that  before  shipment, 
whereas  the  average  pressure  test  for  the  peaches  in  the  top  of  the 
five  control  cars  was  36  per  cent  lower. 

The  carbon  dioxide  did  not  show  quite  so  great  inhibiting  action 
on  the  growth  of  the  fungi  as  it  did  on  the  softening  of  the  fruit,  yet 
the  contrasts  were  very  significant.  The  average  development  of  the 
rot  organisms  in  the  top  of  the  test  car  was  greater  than  that  in  the 
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Figure  21. — Carbon  dioxide  curves  and  tempera- 
ture curves  in  an  experiment  with  Elberta 
peaches  in  80-quart  pony  refrigerators.  August 
•J9  to  September  1,  1928  :  a.  Control  refrigerator 
with  140  pounds  of  ice  ;  h,  refrigerator  with  lUO 
pounds  of  ice  and  20  pounds  of  solid  CO2 ;  c, 
refrigerator  with  100  pounds  of  ice  and  40 
pounds  of  solid  CO2  (large  pieces)  ;  d,  refrigera- 
tor with  100  pounds  of  ice  and  40  pounds  of  solid 
CO2  (small  pieces)  ;  e,  outside  temperature.  On 
September  1  record  fruit  was  transferred  to  59° 
F.  storage  chamber 
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bottom  of  the  control 
^    car,  but  less  than  the 
kj     average   development 
^^    in  the  control  car. 

The  average  differ- 
ence in  temperature 
between  the  top  and 
bottom  of  the  control 
cars  was  13.1  degrees 
— V . . , . Fahrenheit,   and   the 

Figure   22.— Temperature   curves    in    an    experiment   with  ^^erage    dllierence   m 

Belle    peaches    shipped    in    refrigerator    cars    from    Fort  temperature     between 

Valley,   Ga.,  .Tune  30,   1927.     The  broken   lines  give  the  f>-^  \^^  ^f  +V,^  r>^r^f ^^1 

records  for  the  test  car,  the  solid  lines  the  records  for  l^l^G  lOp  01  ine  COntrOl 

the  control  car;  tc.  Top  center;  tb,  top  bunker;  be,  bot-  oar's,   anrl    tViP    nvprflap 

torn  center;   U,  bottom   bunker.     The  test  car  received,  ^'^^   '^'^^^    Liie    aveidgo 

in   addition   to  standard  icing,   430  pounds  of  solid   CO-,  temperature  lOr  these 

held   in   crates   scattered   over   the  top   of   the   load   and  „„^^    .^^r.    a  a    ^1^^^  ^   ^ 

somewhat  insulated  from  it.     At  2  p.  m.  the  atm'Osphere  Cars    WaS    0.0   uegreeS. 

in  the  test  car  contained  12.5  per  cent  of  CQo ;   at  2.30  F.-5rnrp'?c;prI   in  tpmnpr 

p.  m.,  18  per  cent;  and  from  3.30  till  7  p.  m.,  20  to  21  -^^pito^^^i  ^li  tempei- 

per   cent.      The    top    center    and    bottom    bunker    atmos-  ature    ValuCS,    the    USB 

pheres    showed    practically    no    difference.      There    were  ^jj      „r  i  i  j- 

476  crates  of  peaches  in  each  car  e  e    w  le  ^j.   ^^^1(1   Carbon   dlOX- 

ide  had  an  effect  upon 
the  softening  of  the  fruit  equal  to  a  13.1-degree  reduction  in  tem- 
perature during  the  entire  trip  and  an  effect  upon  the  rots  greater 
than  that  of  a  6.6-degree  reduction  in  temperature  during  the  entire 
trip.  If  it  is  assumed  that  this  inhibiting  effect  upon  the  rots  was 
confined  to  the  first  ^„ 
36  hours  after  load- 
ing, as  it  probably 
was  to  a  large  extent, 
it  may  be  said  that 
during  this  period 
the  solid  carbon  di- 
oxide had  an  inhibit- 
ing effect  upon  the 
rots  approximately 
equal  to  that  of  an 
18-degree  drop  in 
temperature. 

If  the  behavior  of 
tlie  Mohilia  rots  is 
studied  on  the  basis 
of  the  values  in  Fig- 
ures 12  and  13,  the 
differences  in  growth 
may  be  interpreted 
in  terms  of  the  degree 
of  inhibition  in  the 
test  car  as  compared 
with  that  in  the  con- 
trol car.  It  is  found, 
for  example,  that  in 
the  sliipmerit  shown 
in  Table  7  under  Fig- 
ure 23  the  rots  in  the 
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Figure  23. — Carbon  dioxide  curve  and  temperature  curves 
in  an  experiment  with  Ililcy  poaches  shipped  in  refriger- 
!itor  cars  from  Fort  Valley,  Ga.,  July  7,  1928.  The 
bnikcn  lines  give  the  records  for  the  test  car,  the  solid 
liiKs  the  records  for  the  control  car :  ic,  Top  center ; 
ih,  top  bunker;  he,  bottom  center;  66,  bottom  bunker. 
The  test  car  received,  in  addition  to  standard  icing,  884 
lines  the  records  for  the  control  car:  tc.  Top  center; 
of  the  car  about  1<5  inches  above  the  load.  The  test 
car  received  100  pounds  more  ice  nt  the  rolcing  stations 
than  did  the  control  car  but  was  unloaded  18  hours 
later   tlinn   the  control  car 
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top  of  the  test  car  showed  a  reduction  in  efficiency  equal  to  19  per 
cent  for  the  whole  shipping  period,  and  those  in  the  bottom  of  the 
car  a  similar  reduction  of  8  per  cent;  in  the  shipment  described  in 
Figure  24  the  rots  in  the  top  of  the  test  car  showed  a  reduction  of 
48  per  cent,  and  those  in  the  bottom  a  reduction  of  44  per  cent.  The 
data  in  Table  7  show  that  the  inhibition  of  the  Rhizopus  rots  was 
equally  great. 

In  some  instances  the  better  condition  of  the  fruit  in  the  test  car, 
as  to  firmness  and  decay,  may  have  been  partly  due  to  differences  in 
temperature ;  but  a  study  of  the  curves  in  Figures  22  to  26,  inclusive, 
leads  to  the  conclusion  that 
it  must  have  been  largely 
due  to  the  effect  of  the 
carbon  dioxide  gas. 

From  the  economic 
standpoint  it  should  be 
noted  that,  as  shown  in 
Table  7  under  Figure  23, 
the  fruit  in  the  test  car  was 
in  distinctly  better  condi- 
tion on  arrival  than  that 
in  the  control  car,  both  as 
to  firmness  and  rot  devel- 
opment, in  spite  of  the 
fact  that  the  control  car 
was  unloaded  18  hours 
earlier.  In  two  cars  un- 
loaded at  practically  the 
same  time  (fig.  24),  the 
condition  of  the  fruit  in 
the  control  car  was  such  as 
to  make  it  necessary  to 
place  it  on  the  market  at 
once,  whereas  the  fruit  in 
the  test  car  was  placed  in 
storage  to  be  held  for 
later  sales.  The  inoculated 
fruit  from  both  cars  was 
transferred  to  cold  storage,  however,  and  it  was  found  that  the  devel- 
opment of  rots  on  the  peaches  from  the  test  car  after  two  weeks  in 
storage  only  slightly  exceeded  that  of  the  rots  on  the  peaches  from 
the  control  car  at  the  time  of  unloading. 

One  shipment  (fig.  25)  included  a  car  in  which  a  Galloway  pre- 
cooling  apparatus*  was  used  in  comparison  with  the  carbon  dioxide 
car  and  with  the  control  car.  The  results,  as  given  in  Table  7,  show 
practically  the  same  resistance  to  pressure  in  the  fruit  of  the  blower 
car  (with  precooling  apparatus)  as  in  that  of  the  carbon  dioxide  car. 
The  development  of  Monilia  and  Rhizopus  rots,  however,  was  very 
much  greater  in  the  blower  car  than  in  the  carbon  dioxide  car  and  not 
greatly  different  from  that  in  the  control  car. 
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Figure  24. — Carbon  dioxide  curves  and  tempera- 
ture curves  in  an  experiment  with  Elberta 
peaches  shipped  in  refrigerator  cars  from  Hamlet, 
N.  C,  August  6.  1928.  The  broken  lines  give  the 
records  for  the  test  car,  the  solid  lines  the  records 
for  the  control  car :  tc.  Top  center ;  th,  top 
bunker ;  he,  bottom  center ;  &6,  bottom  bunker. 
The  test  car  received,  in  addition  to  standard 
icing  1,000  pounds  of  solid  CO2  held  on  a  scaffold 
in  the  center  about  16  inches  above  the  load. 
The  test  car  also  received  2  per  cent  of  salt  in 
the  bunkers  at  the  shipping  point.  The  control 
car  required  2,100  pounds  more  ice  at  the  reicing 
stations  than  the  test  car.  On  August  9  record 
fruit  was  transferred  to  34°   F.  storage 


*  Galloway,  A.  G.     a  portable  precooling  apparatus. 
ture.  Bur.  Plant  Indus.,  July  15,  1929.      [Mimeographed.] 
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Another  shipment  (fig.  26)  included  a  salted  car  in  addition  to  the 
control  car  and  the  carbon  dioxide  car,  the  latter  also  salted.  The 
average  results  on  firmness  and  decay  in  the  salted  car  fell  about 
halfway  between  those  in  the  control  car  and  those  of  the  carbon 
dioxide  car,  but  in  the  top  of  the  load  the  results  on  both  firmness 
and  decay  were  practically  the  same  as  those  in  the  control. 
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FiGDRE  25. — Carbon  dioxide  curves  and  temperature  curves  in  an  experiment  with 
Hilev  peaches  shipped  in  refrigerator  cars  from  Thomason,  Ga.,  June  30,  1930  : 
tc,  I'op  center ;  tb,  top  bunker ;  be,  bottom  center  ;  bb,  bottom  bunlier.  The  car- 
bon dioxide  car  received  450  pounds  of  solid  CO2  placed  in  crates  on  top  of  the 
load.  The  carbon  dioxide  car  had  400  pounds  of  salt  added  at  the  shipping  point 
and  the  blower  car  800  pounds.  The  solid  carbon  dioxide  car  required  200 
pounds  and  the  control  car  1,070  pounds  more  ice  than  did  the  blower  car 

DEWBERRY  EXPERIMENTS 

The  dewberry  is  even  more  perishable  than  the  strawberry  but  may 
be  expo.sed  to  carbon  dioxide  gas  with  far  less  danger  of  injury  than 
either  the  peach  or  the  strawberry. 

In  the  experiments  with  dewberries  no  inoculations  were  made,  and 
no  satisfactory  method  was  devised  for  measuring  the  firmness  of  the 
fruit.  Before  the  experiments  w^ere  started,  however,  sample  lots  of 
fruit  were  graded,  and  the  berries  were  classified  as  firm,  soft,  or 
rotten.  At  the  end  of  the  experiments  similar  lots  were  graded 
according  to  the  same  standards  to  determine  the  increase  in  rot  and 
the  decrease  in  the  number  of  firm  berries. 


EFFECT   OF   CARBON   DIOXIDE    UPON   TRANSIT  DISEASES 


37 


DEWBERRIES  IN  PONY  REFRIGERATORS 

The  pony-refrigerator  experiments  were  carried  out  as  described 
for  strawberries  (p.  7).  The  results  are  shown  in  Table  8.  In  the 
experiments  of  Figures  3,  4,  7,  and  20,  only  a  few  baskets  of  dew- 
berries were  used  in  each  refrigerator,  the  main  experiment  being 
upon  another  fruit.  In  the  experiments  shown  in  Figures  27  and  28 
the  refrigerators  were  filled  with  dew^berries,  with  the  exception  of 
small  lots  of  other  fruits,  as  will  be  pointed  out  later. 
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Figure  26. — Carbon  dioxide  curves  and  teni'iierature  curves  in  an  experiment  with 
Elberta  peaches  shipped  in  refri2;erator  cars  from  Tliomastou,  Ga.,  July  21, 
1930:  tc.  Top  center;  th,  top  bunker;  he,  bottom  center;  66,  bottom  bunker. 
The  carbon  dioxide  car  received  466  pounds  of  solid  CO2  placed  in  crates  on  top 
of  the  load  and  an  additional  113  pounds  placed  in  the -bunkers.  The  carbon 
dioxide  car  had  400  pounds  of  salt  added  at  the  shipping  point  and  the  salted 
car  300  pounds  at  shipping  point  and  189  pounds  en  route.  The  salted  car 
required  4,284  pounds  and  the  control  car  5,670  pounds  more  ice  than  did  the 
solid  carbon  dioxide  car 

The  flavor  of  the  dewberries  remained  unimpaired  under  all  the 
conditions  of  the  various  experiments,  despite  the  fact  that  the  car- 
bon dioxide  treatment  was  sometimes  even  more  severe  than  that 
which  had  usually  spoiled  the  flavor  of  peaches  and  strawberries. 
In  the  experiment  reported  in  Figure  4  a  small  lot  of  dewberries 
was  included  with  a  strawberry  test,  and  in  the  experiments  reported 
in  Figures  27  and  28  small  lots  of  strawberries  were  included  with 
the  dewberry  tests.  In  all  three  experiments  the  flavor  of  the  dew- 
berries was  unaffected  by  the  carbon  dioxide  treatment,  whereas  the 
flavor  of  the  strawberries  was  rendered  either  insipid  or  distinctly 
bad. 
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Table  8. — Condition  of  dewberries  after  being  held  in  pony  refrigerators  with 
solid  carbon  dioxide  as  a  supplementary  refrigerant 


Figure  reference ' 


Ice 


At  begin- 
ning 


Fig.  3.. 

Fig.  4.. 
Fig.  7.. 
Fig.  20. 

Fig.  27. 


Fig.  28. 


135 

120 

110 

100 

144 

119 

119 

110 

163 

147 

94 

140 

90 

90 

90 

163 

133 

97 

170 

133 

101 


At  end 


Pounds 
16 
32 
40 
47 
36 
42 
23 
44 
22 
23 
12 
10 
33 
34 
35 
18 
33 
45 
13 
30 
46 


Solid  CO2 


Pounds 

0 
15 
25 
35 

0 
15 
20 
30 

0 

7 
12 

0 
50 
50 
50 

0 
28 
28 

0 
35 
36 


Flavor 


Decrease 
in  firm 


berries 

berries 

Good 

Per  cent 

Per  cent 

do 

do 

do 

....  do        

64.1 
17.3 
18.4 
25.7 

32.5 

do 

4.3 

do..... 

8.9 
9.3 

do i... 

do ...J 

do.. 

do... ; 

....do ! 

do : 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


53.9 

9.1 

17.0 

11.5 

6.8 

1.4 


Increase 
in  rotten 


46.1 

13.8 

18.5 

9.1 

2.8 

1.3 


•  For  data  on  temperature,  COj  and  length  of  treatment,  see  Figs.  3, 4, 7, 20, 27,  and  28. 


The  carbon  dioxide 
of  the  dewberries  and 


90 


A 

[ 

i^ 

■''* 

V 

>*, 

FiGUiiE  27. —  Carbon  dioxide  curves  and  tempcriuure 
curves  in  an  oxpfriincnt  with  dcwl)orries  in  8(»- 
quart  pony  rofrigorators,  June  12  to  15,  1929  : 
u,  (Vmiro)  rc'frij-'crator  with  Ifi.'J  pounds  of  ice; 
b,  refrigorator  witli  \'^Z  pounds  of  ice  !ind  28 
pounds  of  solid  rOj;  c,  refrigerator  witli  97 
pounds  of  ice  and  28  pounds  of  solid  CO2 ;  d, 
outside  temperature.  Tlic  refrigerator  in  o  was 
not  of  standard  construction  an(l  has  been  de- 
scribed In  tti(-  legend  to  Figure  6.  The  tempera- 
tures shown  are  the  avcraces  of  records  from  the 
top  and  bottom  layers  of  baskets 


alwaj^s  had  an  inhibiting  action  on  the  rots 
always  helped  to  maintain  the  firmness  of  the 

fruit.  In  the  three  experi- 
ments in  which  complete 
records  were  kept,  both 
the  average  percentage  of 
rot  and  the  average  de- 
crease in  firm  berries  in 
the  treated  lots  were  less 
than  a  third  of  the  aver- 
ages in  the  fruit  from 
the  control  refrigerators. 
(Table  8.)  In  some  cases 
these  differences  may  have 
^  been  partly  due  to  the  dif- 
ferences in  temperature, 
but  a  studv  of  the  tem- 
perature  curves  (figs.  4, 
27,  and  28)  convinces  one 
that  they  must  have  been 
mainly  due  to  the  pres- 
ence of  the  carbon  dioxide 
gas. 

DEWBERRIES  IN  REFRIGERATOR 
CARS 


The  car-lot  shipments  of 
dewberries  were  carried 
out  as  alread}'  described 
for  strawberries.  The  re- 
sults are  shown  in  Table  9 
and  in  Figures  29  to  33, 
inclusive. 
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The  flavor  of  the  berries  was  tested  at  destination,  and  sample  lots 
were  returned  to  Washington,  D.  C,  for  further  tests.  In  no  in- 
stance could  any  change  in  flavor  be  detected. 

In  the  shipment  reported  in  Figure  29,  the  control  car  arrived  a 
day  later  than  the  test  car.  The  records  for  the  test  car  were  taken 
after  the  fruit  had  been  exposed  to  an  outside  temperature  of  more 
than  70°  F.  for  20  hours,  whereas  those  for  the  control  car  were 
taken  immediately  after  unloading.  Despite  this  difference  in  treat- 
ment, the  control  car  showed  practically  the  same  percentage  of  rot 
as  the  test  car  and  a  far  ly 
higher  percentage  of  soft 
berries. 

In  the  shipments  de- 
scribed in  Figures  30,  31, 
and  32,  the  different  cars 
were  unloaded  at  practi- 
cally the  same  time;  the 
records  show  25  per  cent 
less  soft  berries  and  42 
per  cent  less  rotten  ber- 
ries in  the  test  car  than  in 
the  control  car. 

The  average  percentage  7^ 
of  soft  berries  for  the  top  - 
of  the  carbon  dioxide  cars 
was  lower  than  the  aver- 
age for  the  bottom  of  the 
control  cars.  The  average 
percentage  of  rotten  ber- 
ries in  the  top  of  the  test 
cars  was  about  halfway 
between  the  average  for 
the  bottom  of  the  control 
cars  and  the  total  average 
for  the  control  cars.  Con- 
verting these  results  into 
temperature  values  on  the 
basis  of  the  temperature 
curves  of  the  control  cars, 
as  has  been  outlined  in 
the  discussion  for  straw- 
berries and  peaches,  it  is 
found  that  the  solid  car- 
bon dioxide  had  an  effect 
upon  the  softening  of  the  fruit  in  the  top  of  the  car  equal  to  that 
of  a  reduction  of  14°  F.  in  temperature  during  the  entire  trip,  and 
an  effect  upon  the  rots  in  the  top  of  the  car  equal  to  that  of  a 
10°  reduction  in  temperature  during  the  entire  trip.  If  it  is  assumed 
that  the  action  of  the  solid  carbon  dioxide  was  confined  to  the  first 
36  hours  after  loading,  it  is  estimated  that  during  this  period  there 
was  an  inhibiting  effect  upon  the  softening  of  the  fruit  approximately 
equal  to  that  of  an  average  reduction  in  temperature  of  26°  and  of  a 
retarding  action  upon  the  rots  equal  to  a  19°  reduction  in  temperature. 
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FiGDRB  28. — Carbon  dioxide  curves  and  tempera- 
ture curves  In  an  experiment  with  dewberries  in 
80-quart  pony  refrigerators,  June  21  to  24, 
1929  :  a.  Control  refrigerator  with  170  pounds 
of  ice ;  'b,  refrigerator  with  13o  pounds  of  ice 
and  35  pounds  of  solid  CO^ ;  c,  refrigerator  with 
101  pounds  of  ice  and  36  pounds  of  solid  CO2 ; 
d,  outside  temperature.  The  refrigerator  in  o 
was  the  same  as  described  under  c  of  Figure  6. 
The  temperatures  shown  are  the  averages  of 
records  from  the  top  and  bottom  layers  of 
baskets 
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The  temperatures  in  the  tops  of  the  test  cars  were  usually  lower 
than  those  in  the  tops  of  the  control  cars,  but  always  far  above  the 
temperatures  in  the  bottoms  of  the  control  cars,  indicating  that  the 
reduction  in  softening  and  decay  in  the  test  cars  must  have  been 
largely  due  to  the  j)resence  of  the  carbon  dioxide  gas. 

Sample  lots  of  fruit  were 
held  at  outside  tempera- 
ture for  several  days  after 
removal  from  the  cars,  and 
it  was  found  that  the  dif- 
ferences in  firmness  and 
deca}'  at  the  time  of  un- 
loading were  fully  main- 
tained under  marketing 
conditions. 

In  the  shipment  de- 
scribed in  Figure  32  a 
blower  or  precooled  car 
was  used  for  comparison 
Avith  a  carbon  dioxide  car 
and  a  control  car.  In  the 
shipment  indicated  in  Fig- 
ure 33,  a  similarly  pre- 
cooled car  was  used  for 
comparison  with  a  carbon 
dioxide  car.  In  the  first 
shipment  there  were  more 
soft  berries  in  the  blower 
car  than  in  the  control  car, 
and  in  the  second  shipment 
as  many  soft  berries  in  the 
bottom  of  the  blower  car 
as  in  the  top  of  the  car- 
bon dioxide  car.  In  some 
instances  the  inhibition  of 
the     rot 
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Figure  29. — Carbon  dioxide  curves  and  tempera- 
ture curves  in  an  experiment  with  dewberries 
shipped  in  standard  refrigerator  cars  from 
Hamlet,  N.  C,  June  11,  1928.  Tlie  brolcen  lines 
give  the  records  for  the  carbon  dioxide  car,  the 
solid  lines  the  records  for  the  control  car :  to, 
Top  center;  ih,  top  hunlser ;  he,  bottom  center; 
hh,  bottom  bunl<er.  The  test  car  received,  in 
addition  to  standard  icing,  815  pouuds  of  solid 
COo  held  on  a  scaffold  in  the  center  of  tlic  car 
about  16  inches  above  the  load.  The  control 
car  required  2,340  pounds  more  ice  at  the  reicing 
stations  than  the  test  car,  not  including  an 
extra  800  pounds  tliat  was  added  on  account 
of  the  delay  in  unloading  the  control  car.  Each 
car  contained  224  crates  of  berries 
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average  of  the  two  cars  is 

taken   the    results  show    a 

greater    inhibition    in    the 

carbon  dioxide  car  in  all 


cases.  Tlie  average  inhi- 
bition of  rots  in  the  top  of  the  carbon  dioxide  cars  was  about  the  same 
as  that  for  the  entire  blower  cars. 


EXPERIMENTS  WITH  OTHER  FRUITS  AND  WITH  VEGETABLES 

BLACKBERRIES 

Small  lots  of  blackberries  were  included  in  the  tests  described  in 
Figures  3, 15, 19,  and  20.  The  flavor  of  the  fruit  remained  unaffected 
under  all  the  conditions  of  these  experiments,  whereas,  as  already 
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pointed  out  in  Table  6,  the  flavor  of  peaches  under  certain  of  these 
conditions  was  spoiled.     (See  fig.  19.) 

Experiments  were  also  made  in  which  blackberries  were  held  at 
constant  temperatures  of  50°  and  68°  in  maintained  atmospheres 
containing  40  per  cent  of  carbon  dioxide.  The  flavor  of  the  fruit 
was  normal  after  treatment  for  2  days  and  doubtful  at  68°  after  3 
days  and  at  50°  after  5  days.  The  results  indicate  that  blackberries 
will  stand  much  longer  ex- 
posure to  high  percentages 
of  carbon  dioxide  than 
peaches  or  strawberries, 
yet  it  is  evident  that  there 
is  a  definite  limit  to  their 
tolerance. 
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RASPBERRIES 

Small  lots  of  red  rasp- 
berries were  included  in 
the  tests  indicated  in  Fig- 
ure 27,  and  small  lots  of 
both  red  and  black  rasp- 
berries were  included  in 
the  tests  reported  in  Fig- 
ure 28.  Under  the  carbon 
dioxide  treatments  de- 
scribed for  these  experi- 
ments the  flavor  of  the 
red  raspberries  was  af- 
fected as  much  as  that  of 
the  strawberries  included 
in  the  same  tests,  whereas 
the  flavor  of  the  black  rasp- 
berries was  unaffected. 

BLUEBERRIES 

Wild  blueberries  were 
held  at  constant  tempera- 
tures of  50°  and  68°  F.  in 
maint  a  i  n  e  d  atmospheres 
containing  40  per  cent  of 
carbon  dioxide.  The  test 
at  68°  was  continued  for 
six  days  and  that  at  50° 
for  eight  days,  but  no  change  in  the  flavor  of  the  fruit  could  be  de- 
tected as  a  result  of  the  carbon  dioxide  treatment. 
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Figure  30. — Carbon  dioxide  curves  and  tempera- 
ture curves  in  an  experiment  with  dewberries 
shipped  in  standard  refrigerator  cars  from 
Hamlet,  N.  C,  June  20,  1928.  The  broicen  lines 
give  the  records  for  the  test  car,  the  solid  lines 
the  records  for  the  control  car  :  tc.  Top  center ; 
th,  top  bunker ;  be,  bottom  center ;  th,  bottom 
bunker.  The  test  car  received,  in  addition  to 
standard  icing,  940  pounds  of  solid  CO2  held 
on  a  scaffold  in  the  center  of  the  car  about  16 
Inches  above  the  load.  The  control  car  required 
1,500  pounds  more  ice  at  the  reicing  stations 
tnan  the  test  car.  The  control  car  carried  190 
crates  of  berries,  the  test  car  224  crates 


CURRANTS 


Small  lots  of  currants  were  included  in  the  tests  reported  in  Figure 
28.    The  flavor  remained  normal  under  all  the  conditions  described. 


APRICOTS 


Apricots  were  included  in  the  tests  described  in  Figure  28.     At 
the  end  of  the  experiment  it  was  found  that  their  flavor  had  been 


46        TECHNICAL   BULLETIISr    318,    U.    S.    DEPT.    OF    AGRICULTURE 

ajffected  by  the  carbon  dioxide  treatments  fully  as  much  as  that  of 
the  peaches  and  red  raspberries. 


CHERRIES 

Early  Richmond  cherries  were  included  in  the  tests  reported  in 
Figure  3,  Blackheart  cherries  in  those  in  Figure  27,  and  Bing  and 
Montmorency  cherries  in  the  tests  described  in  Figures  27  and  28. 
None  of  the  carbon  dioxide  treatments  in  these  various  experiments 

had  any  evident  effect 
upon     the     flavor     of 
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either  the  sweet  or  the 
sour  varieties. 

Windsor  c  h  e  r  ries 
were  held  at  68°  and 
50°  F.  in  maintained 
atmospheres  contain- 
ing 40  per  cent  of  car- 
bon dioxide.  At  68° 
the  cherries  in  carbon 
dioxide  had  a  normal 
flavor,  as  compared 
with  the  controls,  at 
the  end  of  five  days, 
but  were  slightly  in- 
sipid at  the  end  of  six 
days.  The  experiment 
at  50°  was  discontin- 
ued at  the  end  of  eight 
days,  with  the  flavor 
of  the  cherries  in  car- 
bon dioxide  still  en- 
tirely normal. 

Bing  cherries  were 
exposed  to  40  per  cent 
of  carbon  dioxide  for 
two  davs  at  32°,  41°, 
50°,  59°,  and  68°  F., 
W'ithout  any  impair- 
ment of  flavor  as  com- 
pared with  the  controls.  A  part  of  the  cherries  from  the  various  lots 
had  been  inoculated  with  Monilia  when  the  experiment  was  started 
and  were  held  at  50°  in  normal  atmosphere  after  the  end  of  the  2-day 
treatment.  It  was  found  that  the  rots  on  the  cherries  that  had  been 
held  in  carbon  dioxide  at  68°  and  50°  were  much  smaller  than  those 
on  the  controls  held  at  a  temperature  18°  lower,  and  that  the  rots  on 
the  cherries  held  in  carbon  dioxide  at  50°  were  only  slightly  larger 
than  those  on  the  controls  held  at  32°. 
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Figure  31. — Carbon  dioxide  curves  and  temperature 
curves  in  an  experiment  with  dewberries  shipped  in 
standard  refrigerator  cars  from  Cameron,  N.  C.,  June 
6,  1929.  The  brolten  lines  give  the  records  for  the  test 
car,  the  solid  lines  the  records  for  the  control  car : 
ic.  Top  center;  ih,  top  bunker;  be,  bottom  center;  th, 
bottom  bunker.  The  test  car  received,  in  addition  to 
the  usual  bunker  icing.  1,000  pounds  of  solid  CO2 
held  on  a  scaffold  in  the  center  of  the  car  about  16 
inches  above  the  load.  The  test  car  received  2  per 
cent  of  salt  at  tlie  shipping  point.  Each  car  contained 
224   crates  of  berries 


PLUMS  AND  PRUNES 


Wickson  plums,  purchased  on  the  Washington  market,  Avere  ex- 
posed to  40  per  cent  of  carbon  dioxide  for  48  hours  at  32°,  41°.  50°, 
59°,  and  68°  F.  without  any  iinpairnient  of  flavor.  A  part  of  the 
fruit  had  been  inoculated  with  Monilia,  and  after  the  2-day  treatment 


EFFECT    OF    CARBON    DIOXIDE    UPON    TRANSIT   DISEASES 


47 


the  different  lots  were  removed  from  the  various  temperatures  and 
stored  at  50°  in  normal  atmosphere.  It  was  found  that  the  rots  on 
the  plums  that  had  been  held  in  carbon  dioxide  at  68°,  59°,  and  50° 
developed  several  hours  later  than  those  on  the  controls  at  tempera- 
tures 18°  lower  and  that  the  rots  on  the  fruit  held  in  carbon  dioxide 
at  50°  were  practicallv  identical  in  size  with  those  on  the  controls 
held  at  32°. 
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Figure  32. — Carbon  dioxide  curves  and  temperature  curves  in  an  experiment  with 
dewberries  shipped  in  standard  refrigerator  cars  from  Cameron,  N.  C,  June  9, 
1930 :  to.  Top  center ;  tb,  top  bunker ;  be,  bottom  center ;  bb,  bottom  bunker. 
The  carbon  dioxide  car  received  700  pounds  of  solid  CO2  placed  on  a  scaffold 
about  16  inches  above  the  load.  The  carbon  dioxide  car  received  2  per  cent  of 
salt  at  the  shipping  point  and  the  blower  car  3  per  cent.  Each  car  carried  280 
crates 


Italian  Prunes,  purchased  on  the  Washington  market,  were  ex- 
posed to  50  per  cent  carbon  dioxide  under  constant-temperature 
conditions.  In  one  experiment  fruit  held  at  a  temperature  of  66° 
F.  had  become  rather  insipid  by  the  end  of  7  days,  but  that  held 
at  48°  had  retained  its  normal  flavor  at  the  end  of  17  days.  In 
another  experiment  fruit  retained  its  normal  flavor  at  67°  for  13 
days  and  at  49°  for  17  days,  but  later  develoj)ed  a  dry  and  slightly 
■objectionable  taste  at  both  temperatures. 
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In  the  summer  of  1930  pony-refrigerator  experiments  were  made 
at  Wenatchee,  Wash.,  with  fresh  Italian  Prunes  that  had  just  been 
picked  at  a  proper  stage  of  maturity  for  commercial  shipment. 
The  refrigerators  were  of  the  type  described  in  the  legend  of  Figure 
6  and  had  capacity  of  4  bushels.  Half  the  storage  space  was  filled 
with  Italian  Prunes  and  half  with  Bartlett  pears.  Two  refrigera- 
tors were  loaded  and  iced  exactly  alike,  but  one  of  them  received 
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FiGDBE  33. — Carbon  dioxide  curvps  and  temperature  curves  in  an  experiment  witli 
dewberries  .shipped  in  express  refrigerator  cars  from  Cameron,  N.  C,  June  17, 
1930 :  tc,  Top  center ;  tb,  top  bunker ;  be,  bottom  center ;  hb,  bottom  bunker. 
Tlie  low  temperature  at  the  bottom  bunker  of  the  carbon  dioxide  ear  m-ay  have 
been  due  to  air  currents  resulting  from  a  defective  water  trap.  The  carbon 
dioxide  car  received  530  pounds  of  solid  COo  placed  on  a  scaffold  about  IG  inch(>s 
above  the  load.  The  blower  car  received  400  pounds  of  salt  at  the  shipping  point 
and  the  carbon  dioxide  car  315  pounds.     Each  car  carried  280  crates 


a  continuous  stream  of  carbon  dioxide  gas  from  a  carbon  dioxide 
cylinder.  The  experiments  were  carried  out  in  a  laboratory  where 
the  tcnij)orature  ranged  between  70°  and  80°  F.,  averaging  about 
75°.  Ill  the  first  experiment  the  fruit  in  the  control  refrigerator  was 
cooled  to  52°  in  about  24  hours  with  little  further  change  in  temper- 
ature; in  the  second  cx])erim('nt  it  was  cooled  to  55°  in  24  hours  and 
fell  to  50°  before  the  end  of  the  exi)erimcnt.     The  fruit  in  the  carbon 
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dioxide  refrigerator  was  usually  about  2  degrees  warmer  than  that  in 
the  control  refrigerator. 

The  carbon  dioxide  was  run  rapidly  into  the  test  refrigerator 
for  a  half  hour;  the  rate  was  then  decreased  until  it  balanced  that 
of  the  leakage  from  the  refrigerator.  In  the  first  experiment  the 
carbon  dioxide  in  the  refrigerator  was  held  at  approximately  30 
per  cent  for  the  first  6  hours  and  at  20  per  cent  for  the  next  42 
hours;  in  the  second  experiment  it  was  held  at  approximately  15 
per  cent  for  the  first  8  hours,  at  12  per  cent  for  the  next  64  hours, 
and  tapered  off  to  3  per  cent  by  the  end  of  the  fourth  day. 

In  the  first  experiment  a  part  of  the  fruit  was  removed  from  the 
refrigerators  at  the  end  of  1  day,  and  the  remainder  at  the  end 
of  2  days ;  in  the  second  experiment  a  part  of  tlie  fruit  was  removed 
at  the  end  of  2  days,  and  the  remainder  at  the  end  of  4  days. 

After  removal  from  the  refrigerators  the  fruit  was  held  at  labora- 
tory temperatures.  The  prunes  from  the  carbon  dioxide  refrigerator 
were  firmer  than  the  others  and  ripened  more  slowly;  in  order  to 
bring  the  two  lots  to  a  like  maturity,  it  was  necessary  to  hold  the 
control  fruit  in  a  refrigerator  at  45°  F.  for  several  days,  while  the 
test  fruit  was  exposed  to  an  outside  temperature  of  75°. 

When  fully  ripened,  no  difference  in  flavor  could  be  detected 
between  the  fruit  receiving  any  of  the  carbon  dioxide  treatments 
and  that  which  had  been  held  in  the  control  refrigerator. 

In  both  experiments  needle  inoculations  were  made  with  Monilia 
and  Rhizopus,  as  described  for  peaches.  In  the  first  experiment 
the  inoculated  prunes  were  removed  from  the  refrigerator  and 
placed  at  the  outside  temperature  at  the  end  of  1  day,  in  the  second 
experiment  at  the  end  of  4  days.  In  both  experiments  and  with 
both  fungi,  the  rots  on  the  fruit  from  the  carbon  dioxide  refrigerator 
were  a  full  day  later  than  those  on  the  fruit  from  the  control 
refrigerator,  the  1-day  treatment  under  the  conditions  of  the  first 
experiment  causing  somewhat  greater  delay  than  the  4-day  treat- 
ment under  the  conditions  of  the  second  experiment. 

PEARS 

As  already  mentioned,  half  the  refrigerator  space  in  the  experi- 
ments described  above  was  given  to  Bartlett  pears.  The  pears  had 
been  picked  less  than  24  hours  before  the  experiments  were  started. 
Those  of  the  first  experiment  showed  a  pressure  resistance  of  17 
pounds  and  those  of  the  second  experiment  a  resistance  of  15.6 
pounds. 

In  both  experiments  pears  were  inoculated  with  Botrytis  dnerea, 
held  in  the  refrigerators  the  full  period  of  the  test,  and  then  removed 
to  room  temperature.  In  both  instances  the  rots  on  the  fruit  from 
the  carbon  dioxide  refrigerator  were  found  to  be  almost  exactly  two 
days  later  than  those  on  the  fruit  from  the  control  refrigerator,  in- 
dicating that  the  rots  were  held  completely  in  check  in  the  2-day 
treatment  of  the  first  experiment  but  were  not  completely  inhibited 
with  the  lower  percentage  of  gas  in  the  4-day  treatment  of  the  second 
experiment. 
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In  order  to  determine  the  effect  of  the  carbon  dioxide  treat- 
ments upon  flavor  and  keeping  quality,  some  of  the  pears  were 
held  in  a  warm  room  for  immediate  ripening  and  the  remain- 
der placed  in  storage  at  32°  F.  Sample  lots  were  removed  from 
storage  on  September  15  and  October  11  and  shipped  to  Wash- 
ington, D.  C,  by  ordinary  express;  larger  lots  were  removed 
to  the  Wenatchee  laboratory  on  October  16  and  24.  In  all  cases 
the  fruit  that  had  been  subjected  to  carbon  dioxide  was  found 
to  be  firmer  and  to  have  less  yellow  in  the  ground  color  than 
that  from  the  control  refrigerators.  The  treated  pears  that  were 
removed  from  storage  October  16  and  24  showed  an  average  resist- 
ance to  pressure  of  15.5  pounds  and  the  untreated  ones  a  resistance  of 
12.2  pounds.  When  the  different  lots  were  held  under  suitable  tem- 
perature conditions  to  bring  them  to  a  like  maturity  no  difference  in 
flavor  could  be  detected  between  the  treated  and  untreated  fruit, 
regardless  of  whether  ripened  immediately  or  held  in  storage. 
When  the  different  lots  were  held  at  room  temperature  for  six  days 
after  removal  from  storage  it  was  found  that  the  control  fruit  had  a 
much  higher  percentage  of  internal  breakdown  and  several  times  as 
many  rots  as  the  fruit  that  had  been  exposed  to  carbon  dioxide. 

A  third  experiment  was  made  with  Bartlett  pears  in  pony  refriger- 
ators, but  with  the  treated  fruit  inclosed  in  9-quart  jars.  The  experi- 
ment was  continued  64  hours,  and  10  different  carbon  dioxide  treat- 
ments were  given,  varying  in  percentage  of  gas  and  in  period  of  ex- 
posure, and  ranging  all  the  way  from  25  per  cent  for  12  hours  to  25 
per  cent  for  24  hours,  followed  by  45  per  cent  for  40  hours.  After 
removal  from  the  experiment  the  pears  were  stored  and  sampled,  as 
described  above.  No  difference  in  flavor  could  be  detected  between 
the  treated  and  untreated  fruit.  The  pears  of  this  experiment  were 
slightly  more  mature  than  those  of  the  first  two  experiments. 

Pony-refrigerator  experiments,  similar  to  those  already  reported 
for  Italian  Prunes  and  Bartlett  pears,  were  made  with  Anjou  pears 
and  Jonathan  apples.  The  fruit  was  cooled  somewhat  more  slowly 
than  in  the  previous  experiments  and  the  temperature  in  the  carbon 
dioxide  refrigerator  averaged  about  5°  F.  higher  than  that  in  the  con- 
trol refrigerator.  The  carbon  dioxide  content  of  the  air  in  the  test 
refrigerator  was  maintained  at  practically  20  per  cent  throughout  the 
experiment.  Part  of  the  fruit  was  removed  at  the  end  of  one  day 
and  the  remainder  at  the  end  of  two  days;  each  lot  was  taken  im- 
mediately to  cold  storage.  Sample  lots  of  the  fruit  were  remove*^ 
from  storage  on  October  11  and  shipped  to  Washington,  D.  C,  b} 
ordinary  express;  the  remainder  was  removed  to  the  Wenatchee 
laboratory  on  November  10. 

It  was  extremely  difficult  to  decide  upon  the  flavor  of  the  different 
lots  of  Anjou  pears,  as  slight  differences  in  maturity  had  a  gi-eater 
determining  value  than  the  carbon  dioxide  treatments  and  the  varia- 
tion within  the  lot  was  much  greater  than  that  between  the  lots;  but, 
on  the  whole,  the  percentage  of  pears  that  were  somewhat  lacking 
in  flavor  and  juiciness  was  apparently  larger  with  the  treated  fruit 
than  with  tlie  untreated.  No  distinction  could  be  made  between  the 
fruit  that  liad  received  the  carbon  dioxide  treatment  for  one  day  and 
that  wliirh  had  received  it  for  two  days. 

At  the  time  of  picking,  the  Anjou  pears  showed  a  pressure  resist- 
ance of  \?)  pounds.     When  removed  from  .storage  the  treated  fruit 
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showed  a  resistance  of  12,4  pounds  and  the  untreated  a  resistance  of 
12.2  pounds.  After  three  days  in  a  warm  room  the  treated  fruit 
showed  a  resistance  of  10  pounds  and  the  untreated  a  resistance  of 
8.1  pounds. 

A  later  picking  of  Anjou  pears  was  made,  and  carbon  dioxide  treat- 
ments were  given  as  described  in  the  third  experiment  for  Bartlett 
pears,  with  the  same  wide  range  in  percentage  of  gas  and  period  of 
exposure.  The  storing  and  sampling  were  carried  out  as  described 
above  for  the  Anjou  pears.  When  fully  ripe  no  difference  could  be 
detected  between  the  flavor  of  the  treated  fruit  and  that  of  the  un- 
treated fruit.  The  pears  of  this  experiment  were  slightly  more  ma- 
ture than  those  of  the  preceding  experiment,  and  it  is  possible  that 
this  accounts  for  the  fact  that  they  stood  the  more  extreme  treat- 
ments with  no  evidence  of  reduced  flavor. 

Seckel  pears  were  included  in  the  tests  reported  in  Figures  16,  17, 
and  20,  without  impairment  of  flavor  under  any  of  the  carbon  diox- 
ide treatments. 

In  another  experiment  Seckel  pears  were  held  for  11  days  at  66** 
F.  in  an  atmosphere  containing  50  per  cent  of  carbon  dioxide,  and 
for  17  days  at  48°  in  a  similar  atmosphere,  without  impairment  in 
flavor  or  other  evident  injury. 

In  the  summer  of  1931  pony-refrigerator  experiments  similar  to 
those  reported  for  berries  and  peaches  were  made  with  freshly  picked 
Bartlett  pears  from  the  Hudson  Kiver  Valley.  The  temperature  in 
the  different  refrigerators  was  practically  the  same,  dropping  to  50° 
F.  in  about  24  hours  and  remaining  between  45°  and  52°  the  re- 
mainder of  the  time.  After  three  days'  treatment  the  pears  were 
placed  in  storage  at  32°  F.  Similar  lots  had  been  stored  immediately 
at  that  temperature,  and  other  lots  were  held  at  outsidd  mean  tem- 
perature of  approximately  65°  for  the  three  days  and  then  stored  at 
32°.  After  six  weeks'  storage  it  was  found  that  fruit  that  had  been 
exposed  to  an  atmosphere  in  which  the  carbon  dioxide  content  was 
about  50  per  cent  in  the  beginning  and  tapered  off  to  25  per  cent  at 
the  end  of  20  hours  and  to  10  per  cent  at  the  end  of  30  hours  was  in 
better  condition  both  as  to  firmness  and  as  to  the  presence  of  internal 
breakdown  than  fruit  that  had  been  stored  immediately  at  32°. 
Pears  that  had  been  held  in  an  atmosphere  containing  50  to  75  per 
cent  carbon  dioxide  in  the  beginning  and  tapering  off  to  25  per  cent 
in  40  hours  and  to  10  per  cent  in  50  to  60  hours  showed  a  resistance 
to  pressure  50  per  cent  greater  than  the  immediately  stored  fruit  and 
had  less  than  half  as  much  internal  breakdown.  The  fruit  that  was 
held  at  outside  temperature  for  three  days  and  that  held  in  pony  re- 
frigerators without  carbon  dioxide  for  three  days  was  much  softer 
than  the  immediately  stored  fruit  and  had  a  far  greater  percentage 
of  internal  breakdown.  No  contrast  in  flavor  was  found  between 
the  pears  from  the  different  treatments  when  fruit  of  similar  matu- 
rity was  compared. 

APPLES 

As  mentioned  previously,  Jonathan  apples  were  included  with  the 
pears  in  the  first  Anjou  experiment.  The  storing  and  sampling 
were  carried  out  as  already  described  in  that  experiment.  In  the 
fruit  shipped  to  Washington,  D.  C,  it  was  found  that  the  differences 
within  lots  were  greater  than  those  between  lots,  yet  on  the  whole  the 
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treated  fruit  was  firmer  and  had  slightly  less  flavor  and  juiciness 
than  the  untreated.  Among  the  apples  removed  to  the  Wenatchee 
laboratory  no  difference  could  be  detected  in  flavor  or  quality. 

The  apples  of  the  experiment  described  above  were  immature  at 
picking  time  and  came  from  orchards  where  the  fruit  is  of  noto- 
riously poor  quality.  A  second  experiment  was  made  with  Jonathan 
apples  that  were  more  mature  and  of  better  quality.  The  carbon 
dioxide  treatments  were  given  as  described  in  the  third  experiment 
with  Bartlett  pears,  with  the  same  wide  range  in  the  percentages 
of  gas  and  in  the  periods  of  exposure.  After  being  held  in  storage, 
as  described  for  the  Anjou  pears,  sample  lots  were  shipped  to  Wash- 
ington, D.  C,  and  other  lots  were  removed  to  the  Wenatchee  labora- 
tory. The  treated  fruit  was  slightly  firmer  and  made  a  better 
appearance  than  the  untreated,  and  in  all  cases  had  fully  as  good 
flavor. 

Yellow  Newtown  apples  were  subjected  to  the  carbon  dioxide  con- 
ditions reported  in  Figure  25,  without  impairment  of  flavor. 

In  the  fall  of  1931  pony-refrigerator  experiments  similar  to  those 
reported  for  berries  and  peaches  were  made  with  freshly  picked 
Grimes  Golden  and  Delicious  apples  from  Virginia  and  Jonathan 
apples  from  Maryland  and  from  New  York.  After  two  days  in  the 
refrigerators  the  fruit  was  placed  in  storage  at  30°  to  32°  F.  with 
other  lots  that  had  been  held  at  outside  temperature.  Additional 
lots  were  placed  at  32°  at  the  time  of  picking.  After  several  months' 
storage  the  fruit  that  had  been  exposed  to  carbon  dioxide  was  found 
to  be  in  better  condition  as  to  firmness  and  freedom  from  soft  scald 
and  other  diseases  than  fruit  that  had  been  placed  immediately  at 
32°,  while  the  fruit  that  had  been  delayed  at  outside  temperature  or 
held  in  refrigerators  without  carbon  dioxide  was  found  to  be  softer 
and  to  have  a  higher  percentage  of  decay.  No  contrast  in  flavor  was 
found  between  the  apples  from  the  different  treatments  when  fruit 
of  similar  maturity  was  compared. 

GRAPES 

Several  varieties  of  grapes  were  tested  and  all  showed  extreme 
tolerance  of  carbon  dioxide.  Cornichon  grapes  were  included  in  the 
experiment  of  Figure  4,  Sultanina  {Thompson  Seedless)  grapes  in 
the  experiments  of  Figures  14  and  15,  Catawba  grapes  in  the  experi- 
ment of  Figure  16,  and  Concord  and  Malaga  grapes  in  the  experi- 
ment of  Figure  20,  with  no  apparent  modification  in  flavor  in  any 
case. 

Experiments  were  also  made  at  the  constant  temperatures  with 
maintained  percentages  of  carbon  dioxide.     In  one  test  Sultanina 

f  rapes  were  subjected  to  40  per  cent  carbon  dioxide  at  68°  F.  for  five 
ays  and  at  50°  for  seven  days,  and  the  flavor  was  still  normal  at  the 
end  of  the  experiment. 

In  a  second  test  Sultanina,  Flame  Tokay,  Niagara,  Delaware,  and 
Concord  grapes  were  held  in  50  per  cent  carbon  dioxide  at  66°  F., 
with  no  impairment  in  flavor  at  trie  end  of  9  days,  but  with  the  first 
three  varieties  becoming  overripe  and  somewhat  insipid  at  the  end 
of  12  days.  Similar  lots  were  held  at  48°,  with  no  impairment  in 
flavor  at  the  end  of  15  days,  but  with  the  Flame  Tokay  and  Concord 
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varieties  noticeably  insipid  at  the  end  of  IT  days  and  the  Delaware 
at  the  end  of  20  days. 

In  a  third  experiment,  Cornichon,  Niagara,  Concord,  and  Dela- 
ware grapes  were  held  in  50  per  cent  carbon  dioxide  at  67°  F.,  with 
good  flavor  at  the  end  of  11  days  and  nothing  more  objectionable 
than  slight  overripeness  at  the  end  of  13  days.  Similar  lots  held  at 
49°  retained  good  flavor  at  the  end  of  17  days,  but  were  slightly  over- 
ripe and  losing  flavor  at  the  end  of  20  days. 

In  a  fourth  experiment,  started  later  in  the  season  (October  30), 
Flame  Tokay  and  Concord  grapes  were  held  in  50  per  cent  carbon 
dioxide  for  eight  days  at  68°  and  50°  F.  At  the  end  of  the  experi- 
ment the  flavor  of  the  Flame  Tokay  grapes  was  good  at  both  temper- 
atures, and  that  of  the  Concord  was  good  at  50°  but  slightly  off 
at  68°. 

In  the  last  experiment,  part  of  the  grapes  of  each  variety  were  in- 
oculated with  Botrytis  before  the  test  was  started.  At  the  end  of 
eight  days  the  control  lots  had  100  per  cent  of  infection  at  68°  F. 
and  about  90  per  cent  of  infection  at  50°,  whereas  the  grapes  held 
in  50  per  cent  carbon  dioxide  were  entirely  free  from  rot  at  both 
temperatures.  The  experiment  indicates  that  the  use  of  solid  carbon 
dioxide  should  make  it  possible  to  greatly  reduce  grape  rots  in  transit 
without  affecting  the  flavor  of  the  fruit. 

In  storage  experiments  carried  out  in  the  fall  of  1931  it  was  found 
that  shattering  could  be  greatly  reduced  on  Moore  Early,  Niagara, 
Concord,  Worden,  Delaware,  and  Golden  Muscat  grapes  by  a  day's 
exposure  to  carbon  dioxide  gas.  In  most  cases  the  period  that  the 
fruit  could  be  held  without  shattering  was  doubled  by  the  carbon 
dioxide  treatments. 

ORANGES   AND  MANGOS 

Oranges  and  mangos  were  included  in  the  tests  reported  in  Figure 
25.  The  carbon  dioxide  treatments  of  this  experiment  had  no  evi- 
dent effect  upon  the  flavor  of  either  of  these  fruits. 

TOMATOES,  STRING  BEANS,  AND  PEAS 

Small  lots  of  ripe  tomatoes  were  included  in  the  tests  reported  in 
Figure  26.  The  carbon  dioxide  treatments  described  for  this  experi- 
ment had  no  evident  harmful  effect  upon  the  tomatoes. 

In  one  experiment  string  beans  were  held  at  68°  F.  in  46  per  cent 
carbon  dioxide  for  24  hours ;  in  another  experiment  string  beans  and 
peas  were  held  at  72°  in  30  per  cent  carbon  dioxide  for  48  hours, 
without  impairment  in  flavor  or  condition. 

CORN,   CARROTS,   AND   CAULIFLOWER 

Sweet  corn  was  included  in  the  tests  reported  in  Figures  15,  17,  19, 
and  26.  It  was  also  included  in  the  test  in  which  beans  were  ex- 
posed to  46  per  cent  carbon  dioxide  for  24  hours  at  68°  F. ;  in  other 
tests  it  was  exposed  to  40  per  cent  carbon  dioxide  for  48  hours  at 
32°,  41°,  50°,  59°,  and  68°.  Several  different  varieties  of  sweet 
corn  were  used,  and  in  all  cases  the  corn  that  had  been  subjected  to 
carbon  dioxide  was  fresher  and  sweeter  at  the  end  of  the  storage  test, 
than  that  which  had  been  held  in  normal  air.  Its  superior  condi- 
tion was  evident  after  cooking  as  well  as  before. 
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Carrots  and  cauliflower  were  held  in  30  per  cent  carbon  dioxide  at 
72°  F.  for  48  hours.  At  the  end  of  the  experiment  both  the  green 
and  the  edible  parts  of  these  treated  products  were  much  fresher  in 
appearance  than  were  those  of  similar  untreated  ones.  The  carrots 
and  cauliflower  that  had  been  subjected  to  carbon  dioxide  were  much 
sweeter  than  the  controls.  This  M^as  evident  before  cooking  and  still 
more  so  afterwards.  When  cooked  the  treated  carrots  were  dis- 
tinctly superior  to  the  untreated.  The  treated  cauliflower  showed 
a  slight  reduction  in  flavor  or  odor  that  made  the  question  of  quality 
a  matter  of  personal  preference. 

DISCUSSION 

As  pointed  out  in  the  beginning  (p.  1)  the  present  investigation 
was  undertaken  with  the  hope  of  finding  at  least  a  partial  remedy 
for  the  spoilage  that  results  from  the  warm  condition  of  fruit  dur- 
ing the  first  hours  after  loading  for  shipment.  The  studies  that 
have  been  reported  emphasize  the  hazards  that  must  be  met  in  at- 
tempting to  secure  such  a  remedy  by  means  of  treatment  with  carbon 
dioxide.  In  order  to  give  satisfactory  inhibition  of  the  rots  it  has 
been  found  desirable  to  have  a  concentration  of  carbon  dioxide  ap- 
proaching 25  per  cent,  but  experiments  have  shown  that  the  exposure 
of  peaches  or  strawberries  to  25  per  cent  of  carbon  dioxide  gas  for 
as  long  a  period  as  24  hours  is  liable  to  affect  the  flavor,  especially 
if  the  fruit  is  held  at  the  usual  summer  temperatures.  This  leaves 
but  little  margin  for  safety.  By  using  solid  carbon  dioxide  in  suffi- 
cient quantities  to  insure  the  escape  of  most  of  the  carbon  dioxide 
gas  from  the  car  within  24  hours,  it  has  been  found  possible  to  make 
four  experimental  shipments  with  strawberries  and  five  with  peaches 
in  which  a  very  significant  reduction  in  rots  and  in  the  softening 
of  the  fruit  was  obtained  without  any  appreciable  effect  upon  the 
flavor  of  the  fruit.  Certain  precautions  were  taken,  however,  which 
would  be  impracticable  in  commercial  shipments.  The  shipments 
were  followed  in  transit  and  frequent  records  taken  of  the  gas  con- 
centration. Moreover,  the  cars  were  examined  in  advance,  and  al- 
lowance was  made  for  tightness  and  newness  of  construction.  In 
some  instances  a  part  of  the  solid  carbon  dioxide  was  placed  in  the 
bunker,  on  to]:)  of  the  ice,  so  that  it  could  be  conveniently  removed 
if  there  was  an  indication  of  excess  treatment. 

Despite  its  practical  difficulties,  it  should  be  noted  that,  as  com- 
l)ared  with  other  methods  of  protecting  the  fruit  during  the  first 
hours  after  loading,  the  carbon  dioxide  method  has  made  a  particu- 
larly good  showing,  indicating  that  even  if  the  quantity  of  solid 
carbon  dioxide  was  considerably  re<luced  the  treatment  would  still 
be  more  effective  than  any  convenient  method  of  precooling  now 
available.  Such  a  reduction  would  decrease  the  cost  of  the  treat- 
ment as  well  as  increase  its  safety.  With  the  products  mentioned 
in  this  bulletin,  aside  from  peaches,  apricots,  strawberries,  and  red 
raspberries,  this  reduction  would  apparently  be  unnecessary,  and  in 
fact  the  toloraure  tests  indicate  that  in  many  instances  the  severity 
of  the  treatment  might  be  increased,  if  found  desirable. 

The  efficacy  of  the  carbon  dioxide  treatment  is  shown  in  Figure  34. 
The  solid-line  curves  of  this  figure  give  the  average  of  the  tempera- 
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tures  that  prevailed  in  the  control  cars  in  13  refrigerator-car  experi- 
ments— 4:  with  strawberries,  5  with  peaches,  and  4  with  dewberries. 
The  broken  lines  in  the  lower  half  of  the  figure  give  the  approximate 
temperatures  that  would  have  been  required  in  the  top  of  the  test 
cars  to  have  secured  the  inhibition  obtained  by  the  use  of  solid  carbon 
dioxide.  The  effect  of  the  treatment  upon  the  softening  of  the  fruit 
in  the  top  of  the  car  was  such  as  to  justify  a  hypothetical  temperature 
curve  below  the  average  for  the  bottom  of  the  control  cars.  The 
effect  upon  the  rots  in  the  top  of  the  test  car  was  sufficient  to  bridge 
about  75  per  cent  of  %so^ 
the  gap  between  the 
results  in  the  top  and 
the  bottom  of  the  con- 
trol cars  and  to  re- 
quire a  temperature 
curve  almost  identi- 
cal with  that  for  the 
bottom  center  of  the 
control  cars,  averag- 
i  n  g  approximately 
10  degrees  lower  than 
the  curve  for  the  top 
of  the  control  cars. 

The  hypothetical 
temperature  curves  in- 
dicate the  value  of  the 
carbon  dioxide  treat- 
ments, but  it  is  not 
considered  that  they 
give  a  proper  picture 
as  to  the  time  when 
the  inhibition  actual- 
ly occurred.  Within  a 
half  hour  to  an  hour 
after  loading  the  car- 
bon dioxide  gas  had 
mounted  to  a  per- 
centage that  should 
cause  an  inhibition 
of  the  rots  equal  to 
that  resulting  from  a 
drop  in  temperature  of  20°  to  40°  F.;  this  inhib'tion  probably  con- 
tinued in  varying  degrees  from  12  to  36  hours,  leaving  the  control 
of  the  rots  during  the  latter  part  of  the  shipping  period  to  be  deter- 
mined largely  by  temperature.  The  quickness  with  which  the  action 
of  the  carbon  dioxide  can  be  made  effective  is  an  important  point  in 
its  favor. 

Mention  has  been  made  of  the  fact  that  the  carbon  dioxide  treat- 
ments seem  to  favor  the  preservation  of  the  sugar  content.  Chemi- 
cal studies  are  in  progress  on  this  phase  of  the  problem. 


\ 


77 

2S 

ffS 

ll 

\ 

J>i* 

\\  \ 

\ 

^ 

/^ 

^O 

\\  \ — 

\  ^  N. 

\  ^ 
\    \ 

\         N 
^ 

^                          ^^"^fc. 

^ 

■f/ 

^ 

-~--<c. 

3Z 

^ 

/>M. 

^M. 

PM 

_>?/^ 

e^ 

.   ^/»? 

/?M. 

\ 


TM/eo  a/ir' 


/^■oi/jerf/  ff>iy 


Figure  34. — Curves  showing  average  carbon  dioxide  and 
temperature  conditions  in  13  refrigerator-car  ship- 
ments— 4  witli  strawberries,  5  witli  peaclies,  and  4 
with  d( wherries.  The  upper  curve  gives  the  average 
percentage  of  CO,  gas  where  solid  COo  was  used.  The 
solid  lines  of  the  lower  curves  give  the  average  tern- 
peratures  in  the  control  cars:  t.  Top  of  car;  he,  bot- 
tom center :  \)h.  bottom  bunker ;  r,  appi-oximate  tem- 
peratures that  would  have  been  required  in  the  top  of 
the  test  cars  to  have  produced  the  effects  upon  the  rots 
that  were  actually  obtained  by  the  supplementary  use 
of  solid  CO2 ;  h  a  similar  record  for  the  effects  upon 
the  rate  of  softening  of  the  fruit 
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SUMMARY 

Various  fruits  and  vegetables  have  been  subjected  to  different  per- 
centages of  carbon  dioxide,  under  a  variety  of  temperature  condi- 
tions, with  the  object  of  finding  a  method  of  decreasing  the  spoilage 
that  occurs  in  the  first  24  to  36  hours  after  loading  a  warm  product 
in  a  refrigerator  car.  The  control  of  diseases  and  other  forms  of 
spoilage  has  been  readily  accomplished,  but  the  effect  of  the  carbon 
dioxide  upon  the  flavor  of  the  product  has  been  found  to  set  definite 
limitations  to  this  method  of  treatment. 

The  most  serious  limitations  have  been  found  with  peaches,  apri- 
cots, strawberries,  and  red  raspberries.  Plums,  cherries,  blackber- 
ries, blueberries,  black  raspberries,  currants,  pears,  apples,  and 
oranges  have  shown  a  greater  tolerance  of  the  gas.  Grapes,  peas,, 
sweet  corn,  and  carrots  have  stood  extreme  treatments  with 
particularl}'  favorable  results. 

The  first  objectionable  effect  resulting  from  excessive  carbon  di- 
oxide treatments  was  a  slight  loss  of  aroma.  "With  more  prolonged 
or  severe  treatments,  this  was  followed  by  a  still  greater  loss  of 
flavor  and  sometimes  by  the  development  of  an  odor  of  fermentation 
or  other  objectionable  quality.  Products  having  a  definite  and  char- 
acteristic aroma  were  the  most  easily  affected. 

High  percentages  of  carbon  dioxide  were  more  harmful  than 
lower  ones;  yet,  with  25  per  cent  or  more  of  the  gas.  increase  in  con- 
centration did  not  greatly  shorten  the  period  of  safe  treatment. 

The  effect  of  the  carbon  dioxide  upon  the  flavor  increased  with 
an  increase  in  temperature  in  a  manner  that  indicated  a  relationship 
with  general  metabolic  activities.  Exposure  of  peaches  to  25  per 
cent  or  more  of  carbon  dioxide  for  1  day  at  77°  F.  had  about  the 
same  effect  upon  flavor  as  2  days'  exposure  at  59°,  3  days'  exposure 
at  50°,  or  4  days'  exposure  at  41°. 

The  flavor  of  peaches  and  strawberries  remained  normal  in  pony- 
refrigerator  and  other  experiments  where  the  carbon  dioxide  content 
of  the  air  had  fallen  to  25  per  cent  by  the  end  of  12  hours  and  to  10 
per  cent  within  24  hours,  but  in  cases  where  this  treatment  was 
greatly  exceeded  there  was  often  a  question  in  regard  to  flavor. 
Apricots  and  red  raspberries  showed  a  similar  susceptibility  to  in- 
jury, while  all  the  other  products  that  were  tested  showed  a  much 
greater  tolerance  of  carbon  dioxide,  most  of  them  a  tolerance  two  to 
six  times  as  great. 

With  strawberries  at  temperatures  ranging  from  32°  to  77°  F., 
Botrytis  and  Rhizopus  rots  were  fairly  well  inhibited  by  23  per 
cent  of  carbon  dioxide  and  completely  inhibited  by  37  per  cent 
or  more  of  the  gas.  Botrytis  inoculations  on  Bartlett  pears  and 
Monilia  inoculations  on  Italian  Prunes  were  held  completely  in 
check  by  20  to  30  per  cent  of  carbon  dioxide  and  greatly  inhibited  by 
12  to  15  per  cent. 

In  a  series  of  experiments  with  Monilia  inoculations  on  peaches 
it  was  found  that  within  the  range  of  10  to  50  per  cent  of  carbon 
dioxide  the  average  reduction  in  efficiency  of  the  fungus  was  ap- 
proximately twice  that  of  the  percentage  of  gas  used.  At  77°  F., 
within  a  range  of  10  to  40  per  cent,  the  carbon  dioxide  had  an  effect 
upon  Monilia  rot  approximately  equivalent  to  that  of  reducing  the 
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temperature  as  many  degrees  as  the  percentage  of  gas  used.  At  lower 
temperatures  the  reduction  in  the  efficiency  of  the  fungus  was  equally 
great,  if  not  greater,  but  the  equivalent  temperature  reduction  was 
necessarily  less. 

Carbon  dioxide  was  even  more  efficient  in  checking  the  softening 
of  the  fruit  than  in  preventing  the  development  of  rots.  With  25  per 
cent  or  more  of  the  gas  the  softening  of  strawberries  was  almost 
completely  inhibited,  and  the  softening  of  warm  peaches  was  as 
greatly  checked  as  by  a  drop  in  temperature  of  18  degrees  or  more. 

In  pony-refrigerator  experiments,  Bartlett  pears  and  Grimes 
Golden,  Jonathan,  and  Delicious  apples  were  held  as  firm  and  as  free 
from  disease  by  initial  carbon  dioxide  treatments  as  by  immediate 
storage  at  32°  F. 

Carbon  dioxide  treatments  have  been  found  of  value  in  preventing 
the  shattering  of  grapes. 

Sweet  corn,  cauliflower,  peaches,  and  carrots  that  had  been  exposed 
to  carbon  dioxide  were  found  to  be  distinctly  sweeter  than  those 
held  in  normal  air  at  the  same  temperature. 

Fourteen  refrigerator-car  experiments  were  made  in  which  solid 
carbon  dioxide  was  used  as  a  supplementary  refrigerant  and  as  a 
source  of  carbon  dioxide  gas.  Four  of  these  were  with  strawberries, 
five  with  peaches,  and  five  with  dewberries.  In  one  instance  the 
carbon  dioxide  content  of  the  air  remained  below  10  per  cent,  and 
in  another  instance  it  stood  at  about  15  per  cent  for  several  hours 
and  fell  below  10  per  cent  at  the  end  of  12  hours ;  but  in  most  cases 
it  was  above  20  per  cent  for  5  to  12  hours  and  above  10  per  cent  for 
15  to  24  hours. 

These  carbon  dioxide  treatments  had  no  objectionable  effect  upon 
flavor,  but  in  two  peach  shipments  that  received  the  maximum  treat- 
ment a  slight  change  in  flavor  could  be  detected  when  the  fruit 
was  held  till  fully  ripened. 

The  carbon  dioxide  treatments  had  an  average  effect  upon  the 
rots  in  the  top  of  the  car  equivalent  to  a  lowering  of  10°  F.  in  tem- 
perature throughout  the  trip,  or  to  an  average  lowering  of  tempera- 
ture of  21°  during  the  first  36  hours  of  the  trip. 

The  fruit  in  the  top  of  the  test  cars  showed  greater  firmness  at 
destination  than  the  fruit  in  the  bottom  of  the  control  cars,  despite 
the  fact  that  the  temperature  in  the  bottom  of  the  control  cars 
averaged  about  13°  F.  lower  than  the  temperature  in  the  top  of  the 
same  cars. 

The  carbon  dioxide  treatments  had  a  favorable  effect  upon  the 
fruit  in  the  bottom  of  the  test  car,  as  compared  with  fruit  in  a 
similar  position  in  the  control  car;  but  in  both  cases  this  fruit  was 
already  well  protected  by  the  usual  methods  of  cooling. 

Under  the  conditions  of  the  shipping  experiments  reported,  the 
inhibiting  effect  of  the  solid  carbon  dioxide  has  been  almost  entirely 
due  to  the  carbon  dioxide  gas,  the  refrigerating  effect  of  the  solid 
carbon  dioxide  being  largely  offset  by  a  slower  melting  of  the  ice 
in  the  bunkers. 
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INTRODUCTION 

The  Division  of  Soil  Chemistry  and  Physics  of  the  Bureau  of 
Chemistry  and  Soils  has  for  some  years  used  hydrogen  peroxide  as 
a  part  of  the  procedure  of  the  method  of  mechanical  analysis  of  soils. 
This  method  is  based  on  the  international  method,  essentially  the 
British  official  method  (i)/  and  is  modified  for  our  own  purposes  as 
described  by  Olmstead,  Alexander,  and  Middleton  (16).  The  hydro- 
gen peroxide  is  primarily  employed  to  secure  increased  dispersion  by 
removing  the  organic  matter.  If  the  treatment  with  hydrogen  per- 
oxide may  be  so  carried  out  as  also  to  furnish  an  accurate  estimate 
of  the  total  organic  matter  in  the  soil,  the  mechanical  analysis  would 
have  added  value. 

That  the  hj^drogen-peroxide  method  has  certain  verj^-  definite 
limitations  was  pointed  out  by  W.  O.  Robinson  (22)  in  the  paper  in 
which  the  method  was  first  suggested.  It  seemed  very  desirable  to 
make  a  new  study  of  the  method  in  the  hope  of  removing  these 
limitations. 

In  the  course  of  the  study  the  other  methods  which  are  in  use  for  the 
purpose  of  estimating  organic  matter  came  up  for  comparative 
study,  and  the  investigation  eventually  assumed  the  form  of  a  critical 
examination  of  these  methods.  The  discussion  and  data  given  here- 
with are  the  results  of  that  study. 

Essentially  four  methods  for  estimating  the  amount  of  organic 
matter  in  the  soil  have  been  suggested  and  used.  They  are  as  follows : 
The  loss  on  ignition  (with  a  variant),  the  combustion  method  (with 

^  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  23. 
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many  variants),  the  calculation  of  the  organic  matter  from  the 
quantity  of  nitrogen  present,  and  the  hydrogen  peroxide  method. 
These  are  by  no  means  equally  important  or  useful.  The  method 
based  on  an  assumed  constant  nitrogen  content  of  the  soil  organic 
matter  has  been  repeatedly  shown  to  be  invalid.  It  appears  to  be 
true  that  in  a  given  soil,  and  even  in  the  soil  of  considerable  areas, 
the  carbon-nitrogen  ratio  ranges  from  10  to  11.6  and  therefore  the 
organic  matter-nitrogen  ratio  approximates  20  {12,  p.  90).  At  the 
same  time  it  is  generally  recognized  that  results  based  on  these  ratios 
are  at  best  very  rough  approximations.  This  fact  is  brought  out 
very  clearly  by  Leighty  and  Shorey  (<§)  who  have  found,  in  172 
samples  of  soil,  carbon-nitrogen  ratios  ranging  from  a  minimum  of  3.5 
to  a  maximum  of  35.2,  and  by  Middleton,  Slater,  and  Byers  {15) 
who  have  found,  in  the  profiles  of  8  soils  and  their  colloids,  an  organic 
matter-nitrogen  ratio  ranging  between  the  limits  of  1.5  and  35.7. 
In  view  of  these  facts  no  further  discussion  of  this  relation  will  be 
presented. 

THE  HYDROGEN  PEROXIDE  METHOD 

This  method  of  estimation  of  the  organic  matter  in  the  soil  was 
proposed  by  W.  O.  Robinson  {22)  in  1927.  The  initial  suggestion  for 
the  work  came  from  the  proposal  by  G.  W.  Robinson  and  Jones  {20) 
in  1925  that  h^'drogen  peroxide  be  used  to  determine  the  "  degree  of 
humification  "  of  organic  matter  in  the  soil.  This  proposal  was  based 
on  the  assumption  that  unaltered  plant  tissue  is  not  affected  by  hydro- 
gen peroxide  in  the  presence  of  soil  mineral  matter.  W.  O.  Robinson 
was  able  to  show  that  this  assumption  is  not  warranted  in  the  case  of 
soils  and,  by  inference,  that  the  inorganic  soil  material  contains  a 
catalyst  (or  perhaps  catalysts)  responsible  for  this  effect.  On  this 
basis  he  developed  a  method  which,  in  brief,  consists  in  the  treatment 
of  a  weighed  portion  of  soil  w^ith  a  15  per  cent  solution  of  hydrogen 
peroxide,  heating  on  a  water  bath  until  effervescence  ceases,  and 
weighing  the  residual  dried  soil  after  filtration.  The  organic  mate- 
rial of  the  soil  is  destroyed,  or  rendered  soluble,  by  this  process,  and 
hence  the  difference  between  the  dry  weight  of  the  soil  and  the  dry 
weight  of  the  residue  represents  the  organic  matter  of  the  soil.  Cor- 
rection for  dissolved  inorganic  matter  was  made  by  ignition  of  the 
evaporated  filtrate. 

The  method  offers  a  direct  measure  of  the  quantity  of  organic  mat- 
ter and  is  relatively  so  simple  in  procedure  that  if  it  is  or  could  be 
made  accurate  and  generally  applicable  its  use  would  solve  a  very 
difficult  problem.  Unfortunately,  as  W.  O.  Robinson  {22)  himself 
pointed  out,  it  has  very  serious  limitations.  Hydrogen  peroxide  does 
not  remove  all  the  carbon  or  carbon  compounds  from  the  soil.  The 
residual  carbon  found  after  treatment  with  peroxide  ranged  from 
0.04  to  1.90  per  cent  in  the  samples  examined.  It  was  believed  that 
for  the  most  part  this  residual  carbon  consists  of  adventitious  char- 
coal, graphite,  or  parafTmlike  bodies  and  is  therefore  not  actually  soil 
organic  matter  in  the  ordinary  sense.  Considerable  experimental 
evidence  is  presented  in  justification  of  this  view,  especially  in  the 
cases  of  high  residual  carbon.  Tliis  view  of  the  matter  is  supported 
also  by  the  previously  published  data  of  Schreiner  and  Brown  (,^'6') 
and  by  a  subsequent  paj^er  by  G.  W.  Robinson  and  McLean  {21). 
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Further  limitation  of  the  method  was  shown  in  that  the  presence 
of  any  material  quantity  of  manganese  dioxide  in  the  soil,  because  of 
its  catalytic  effect  on  the  rate  of  decomposition  of  the  peroxide,  pre- 
vents the  oxidation  of  the  organic  matter  and,  in  the  presence  of  con- 
siderable quantities  of  calcium  or  magnesium  carbonates,  the  results 
are  low  and  variable. 

Since  the  publication  of  the  method  several  papers  which  have 
a  bearing  on  it  have  appeared.  Waksman  and  Stevens  (3^)  com- 
pared the  effect  of  6  per  cent  hydrogen  and  chlorine  dioxide  on 
sound  chestnut  wood,  rotted  wood,  forest  soil,  and  low-moor  peat 
soil.  Thej^  found  the  portions  decomposed  to  vary  from  20  to  80 
per  cent  in  the  different  materials,  and  they  inferred  that  the  hydro- 
gen peroxide  method  was  not  suitable  for  such  materials.  In  the 
light  of  Robinson's  (32)  work,  it  would  seem  that  this  result  should 
have  been  expected  and  that  the  absence  of  soil  mineral  matter  in 
such  material  is  responsible  for  the  low  results.  This  is  in  harmony 
also  with  their  own  results  which  shoAv  that  lignin  from  sound 
chestmit  wood  is  even  less  subject  to  oxidation  than  the  wood  itself. 

Shorey  {'28),  while  suggesting  the  use  of  hydrogen  peroxide  as 
a  means  of  differentiation  of  soil  organic  matter  by  the  use  of  30  per 
cent  hydrogen  peroxide,  shows  that  a  very  considerable  fraction  of 
the  nitrogen  of  the  soil  remains  in  the  insoluble  residue,  in  peats, 
quantities  as  low  as  4.9  per  cent,  and  in  soil  low  in  organic  matter, 
as  high  as  23  per  cent.  From  his  data  it  might  be  inferred  that  the 
residual  nitrogen  Avould  bear  a  corresponding  ratio  to  the  total 
amount  of  organic  matter  present.  Such  an  inference,  if  made,  is 
unwarranted,  since,  as  both  he  and  Robinson  (22)  have  shown,  a 
very  considerable  fraction  of  the  nitrogen  of  organic  matter  is  con- 
verted by  hydrogen  peroxide  to  ammonia.  Soil  residues  contain  a 
base-exchange  complex  and,  especially  in  acid  soils,  ammonia  is 
strongly  held  by  it.  The  high  percentage  of  residual  nitrogen  is 
therefore  no  index  of  unconsumed  organic  matter. 

McLean  {IS,  14)  in  an  attempt  to  develop  the  suggestion  of  G.  W. 
Robinson  and  Jones  {20)  concerning  the  use  of  hydrogen  peroxide 
for  determining  the  "  degree  of  humification  "  of  organic  matter, 
reached  the  conclusion  that  3  per  cent  hydrogen  peroxide  may  be  so 
used  but  that  the  6  per  cent  reagent  is  not  suitable  for  the  purpose. 
Incident  to  this  investigation  McLean  has  shown  that  even  the  most 
drastic  treatment  with  6  per  cent  and  12  per  cent  hydrogen  peroxide 
is  not  sufficient  to  remove  all  of  either  the  carbon  or  nitrogen  content 
of  the  soil.  He  also  showed  that  even  3  per  cent  hydrogen  peroxide 
readily  removes  up  to  85  per  cent  of  the  total  carbon  except  in  soils 
containing  carbonates.  He  made  no  mention  of  interference  by  man- 
ganese dioxide.  In  these  papers  McLean  also  failed  to  consider  the 
base-exchange  ammonia  of  his  soil  residues  and  made  no  mention  of 
the  content  of  nitrogen  of  the  hydrogen  peroxide  used.  In  conse- 
quence, the  C :  N  ratios  of  his  residues  have  in  them  an  element  of 
doubt. 

EXPERIMENTAL  DATA 

The  present  study  was  undertaken  to  determine  means  of  eliminat- 
ing the  difficulties  brought  about  by  (1)  the  presence  of  manganese 
dioxide  in  the  soil  and  (2)  the  presence  of  carbonates,  and  to  ascer- 
tain how  nearly  complete  the  removal  of  the  organic  matter  can  be 
made. 
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MANGANESE  DIOXIDE 


Manganese  dioxide,  if  present  in  soils,  reacts  catalyticalh^  to  de- 
compose the  hydrogen  peroxide,  and  this  reaction  has  been  made  the 
basis  of  a  semiquantitative  method  of  its  estimation  by  W.  O.  Rob- 
inson (23).  Also,  in  the  paper  previously  cited,  he  reported  that  if 
the  soils  contain  but  a  fraction  of  1  per  cent  of  manganese  dioxide, 
its  inhibitory  effect  on  the  destruction  of  organic  matter  could  be 
eliminated  by  the  use  of  oxalic  acid. 

For  various  reasons  it  seemed  desirable  to  use,  if  possible,  an  acid 
weaker  than  oxalic,  and  the  following  data  were  obtained,  using 
acetic  acid.  The  soil  employed  was  the  Wabash  silt  loam  surface 
soil  which  contains  0.11  per  cent  of  manganese  calculated  as  man- 
ganese oxide.  The  quantity  of  manganese  in  this  soil  does  not  inter- 
fere with  the  removal  of  the  organic  matter. 

To  10-g  samples  of  this  soil  were  added  varying  quantities  of 
precipitated  manganese  dioxide  and  of  acetic  acid,  and  the  amount 
of  carbon  dioxide  developed  by  treatment  with  20  c  c  of  hydrogen 
peroxide  was  measured.  The  results  are  given  in  Table  1.  Blanks 
AA'ere  run,  using  acetic  acid  and  hydrogen  peroxide,  and  but  traces 
of  CO2  were  evolved. 

Table  1. — Effect  of  manffajtese  dioxide  nnd  acetic  acid  on  the  liberation  of 
carbon  dioxide  from  10  g  of  Wabash  silt  lonm  treated  icith  hydrogen 
peroxide 


Hydro- 

Hydro- 

Man- 

Acetic 

gen 
perox- 

Carbon 

Man- 

Acetic 

gen 
perox- 

Carbon 

dioxide 
added 

acid 
added 

ide 
(6  per 
cent) 
added 

dioxide 
evolved 

dioxide 
added 

acid 
added 

ide 
(6  per 
cent) 
added 

dioxide 
evolved 

Mg 

Mg 

Cc 

Mg 

Mg 

Mg 

Cc 

Mg 

0 

0 

20 

105.8 

10 

10 

20 

112.7 

10 

0 

20 

55.  3 

50 

20 

20 

10.5 

50 

0 

20 

17.5 

50 

20 

40 

74.1 

100 

0 

20 

4.0 

50 

20 

60 

174.2 

0 

10 

20 

112.2 

The  action  of  the  hydrogen  peroxide  results  in  part  in  solution  and 
in  part  in  conversion  of  the  soil  organic  matter  to  carbon  dioxide. 
In  order  to  determine  how  completely  the  organic  matter  is  removed 
the  experiments  reported  in  Table  2  were  carried  out. 

Table  2. — Effect   of   mangnvcse   dioxide   nnd  acetic  acid  on   the  removal  Of 
organic  matter  from  10  g  of  Wabash  silt  loam 


Hydro- 

Hydro- 

Man- 
ganese 
dioxide 
added 

Acetic 

acid 

added 

gen  per- 
oxide 
(fi  per 
cent) 

Organic 

matter 

removed 

Man- 
ganese 
dioxide 
added 

Acetic 

acid 

added 

gen  per- 
oxide 
(6  per 
cent) 

Organic 

matter 

removed 

Mg 

added 

added 

Mg 

Cc 

Percent 

Mg 

yfg 

Cc 

Per  cent 

100 

0 

40 

0.81 

100 

10(1 

80 

1.85 

100 

100 

40 

1.38 

0 

0 

(') 

3.10 

100 

0 

fiO 

1.19 

10 

>  10 

(') 

2.95 

100 

100 

fiO 

1.73 

100 

'  100 

(') 

2.85 

100 

0 

80 

1.48 

200 

'200 

(') 

2.93 

'  a  slight  excess  over  the  equivalent  amount  of  acetic  acid  was  used. 
'  An  excess  of  hydrogen  peroxide. 


ORGANIC   MATTER  AND   CARBONATES   IN   SOILS  O 

It  will  be  seen  from  a  study  of  Table  2  that  with  relatively  small 
quantities  of  acetic  acid  the  catalytic  effect  of  the  manganese  di- 
oxide is  largely  eliminated,  and  that  if  repeated  treatments  with 
hydrogen  peroxide  are  used,  the  organic  matter  may  be  as  nearly 
completely  removed  as  when  manganese  is  not  present.  It  should 
also  be  observed  that  as  the  quantity  of  manganese  dioxide  increases, 
the  quantity  of  hydrogen  peroxide  used  also  must  be  increased,  and 
in  cases  where  the  amount  of  manganese  dioxide  is  in  excess  of  2 
per  cent,  the  cost  in  hydrogen  peroxide  and  in  time  becomes 
excessive. 

Although  the  matter  was  not  followed  to  a  definite  decision,  there 
are  indications  that  traces  of  manganese  are  an  aid  to  the  oxida- 
tion process.  In  one  case,  in  which  the  attack  of  the  hydrogen 
peroxide  on  the  soil  was  slow  and  incomplete,  the  addition  of  a 
milligram  or  two  of  manganese  dioxide  enabled  the  reaction  to 
proceed  rapidly  to  completion.  It  seems  probable  that  manganese 
dioxide  is  at  least  one  of  the  catalytic  agents  in  the  reaction,  and 
since  manganese  is  practically  an  omnipresent  component  of  soils 
with  at  least  some  of  the  dioxide  probably  present,  all  soils  may  for 
this  reason  accentuate  the  attack  of  hydrogen  peroxide  on  organic 
matter. 

CARBONATES 

As  previously  noted,  soils  which  contain  appreciable  quantities  of 
carbonates  do  not  suffer  complete,  or  even  nearly  complete,  removal 
of  their  organic  matter,  even  after  repeated  treatment  with  hydrogen 
peroxide.  If,  however,  these  soils  are  first  treated  with  hydrochloric 
acid,  and  the  acid  removed,  the  treatment  with  peroxide  is  as  effec- 
tive as  in  ordinary  soils.  It  is  known,  of  course,  that  acid  treatment 
of  itself  removes  some  organic  matter  by  solution,  and  it  has  been 
pointed  out  by  Shorey  and  Martin  (29)  that,  as  a  consequence  of  the 
presence  of  compounds  of  the  uronic  acid  type  in  soils,  heating  the 
soil  with  even  very  dilute  acid  may  produce  an  evolution  of  carbon 
dioxide.  It  follows,  therefore,  that  the  organic  matter  remaining 
in  a  soil  after  acid  treatment  is  not  all  the  organic  material  of  the 
soil. 

It  seemed  desirable,  therefore,  to  determine  the  magnitude  of  these 
removals  of  organic  matter  and,  if  possible,  to  compensate  for  them 
in  the  use  of  the  method. 

In  the  course  of  the  work  it  became  clear,  both  from  experimental 
evidence  and  on  theoretical  grounds,  that  all  soils  containing  ex- 
changeable calcium  and  organic  matter  may  at  times,  and  possibl}^ 
always,  contain  carbonates,  even  though  the  quantity  is  so  small 
that  the  usual  qualitative  test  of  effervescence  with  acid  does  not 
occur.  Also,  it  would  appear  that  moist  soils  must  contain  carbon 
dioxide  and  that  even  dry  soils  may  contain  occluded  or  adsorbed 
carbon  dioxide.  An  added  incentive  to  this  study  is  that,  as  pointed 
out  by  Shorev  and  Martin  (f?5),  some  of  the  considerations  also  come 
into  question  in  the  use  of  the  combustion  method. 

In  view  of  these  considerations  the  Houston  black  clay  of  Texas 
was  selected  for  careful  examination.  It  not  only  contains  a  large 
quantity  of  carbonates  and  organic  matter  but  is  exceptionally  resist- 
ant to  attack  by  hydrogen  peroxide. 
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Ten-gram  samples  of  the  soil  were  treated  with  sufficient  hydro- 
chloric acid  and  water  so  that  after  the  solution  of  the  carbonate  the 
resultant  solution  would  be  approximately  5  per  cent  of  hydro- 
chloric acid.  After  effervescence  had  ceased,  the  solution  was  filtered 
off  by  use  of  a  Pasteur-Chamberland  filter  and  the  residual  soil  was 
washed  until  free  from  chlorides.  The  solution  was  then  neutralized 
with  sodium  hydroxide.  It  was  evaporated  under  climinislied  pres- 
sure at  a  temperature  of  80°  C.  In  the  evaporation  train  there  was 
introduced  an  absorption  bulb  containing  a  solution  of  barium 
hydroxide  so  that  all  gases,  except  the  water  vapor,  must  pass  through 
it.  No  carbon  dioxide  evolution  occurred  as  a  result  of  the  decom- 
position of  organic  matter. 

The  resulting  dry  residue  of  calcium  chloride  and  other  inorganic 
material  was  then  examined  for  the  presence  of  organic  matter. 
Two  methods  were  employed.  One  was  the  ordinary  dry-combustion 
method.  In  spite  of  the  large  quantity  of  chlorides  and  the  conse- 
quent difficulties,  the  results  obtained  are  believed  to  be  accurate. 
The  second  method  was  the  wet-cornbustion  method,  using  a  mixture 
of  bichromate  and  sulphuric  acid  as  an  oxidizing  agent. 

In  order  to  prevent  absorption  of  any  material  other  than  carbon 
dioxide  by  the  alkali  solution  used  for  estimation  of  the  carbon,  the 
absorption  train  consisted  of  a  reflux  condenser,  a  potassium  iodide 
trap,  a  water  trap,  and  a  Liebig  bulb  of  silver  sulphate.  The  deter- 
mination of  the  carbon  dioxide  was  made  by  titration  in  the  usual 
manner. 

The  soil  used  contained  10.82  per  cent  of  calcium  carbonate  and 
2.27  per  cent  of  total  organic  carbon.  The  quantities  of  carbon  found 
in  the  evaporated  residue  were  0.16  per  cent  by  the  dry-combustion 
method  and  0.18  per  cent  by  the  wet  method.  Further  work  in  this 
direction  was  not  deemed  essential  in  view  of  tlie  data  assembled 
by  Rather  {17)  on  the  quantities  of  organic  carbon  dissolved  by 
water  and  by  acids  from  a  series  of  12  soils,  including  Houston  black 
clay,  in  which  he  showed  that  the  quantities  so  dissolved  vary  between 
0  and  0.16  per  cent  of  the  dry  soil.  The  average  quantity  found  was 
0.06  per  cent.     (P.  18.) 

It  will  be  seen  from  the  subsequent  discussion  that,  although  deter- 
mination of  the  dissolved  organic  carbon  in  this  manner  is  too 
laborious  and  expensive  for  routine  work,  tlie  error  introduced,  if 
it  be  negelected,  is  of  a  magnitude  within  the  limits  of  the  accuracy 
of  tlie  method  in  other  respects.  The  above  considerations  are  based 
on  the  use  of  5  per  cent  hydi'ocldoric  acid,  without  heating,  as  a 
solvent  for  the  carboiuites.  'J'he  I'eason  for  tliese  limitations  will 
appear  from  the  data  presented  in  tlie  following  section. 

ACID    EFFECTS    ON    NONCJALCABEOUS    SOILS 

Shorey  and  Martin  {20,  p.  4000)  have  called  attention  to  the  fact 
that  carbon  dioxide  is  produced  by  treatment  of  soils  with  boiling 
12  ])(M"  cent  hydi'ochloiic  acid.  Indeed,  boiling  with  1  ]ier  cent 
liydrochloric  acid  ])r()dii('es  an  evolution  of  carbon  dioxide,  but 
"whetliei"  this  carbon  dioxide  is  derived  from  inorganic  carbonate, 
occluded  carbon  dioxide,  or  from  the  first  states  of  the  decarboxyla- 
tion of  iii'onic  acids,  is  undei*  investigation."  They  ascribed  this 
evolution  to  the  presence  in  the  soil  of  organic  compounds  of  the 
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uronic  acid  type.  Since  the  accurate  determination  of  the  carbon 
dioxide  evolved  by  acid  from  soils  is  an  essential  step  in  the  deter- 
mination of  organic  matter  from  carbonate  soils  by  any  method, 
it  became  important  to  determine  the  magnitude  of  any  error  intro- 
duced by  the  action  of  acid  on  the  organic  matter.  In  the  course 
of  the  work  it  became  apparent  that  not  all  the  COo  derived  from 
the  acid  treatment  came  from  the  organic  matter.  There  are  two 
other  possible  sources — carbon  dioxide  "  adsorbed  "  on  the  surface 
of  the  soil  particles  or  held  by  soil  moisture,  or  as  acid  carbonates; 
and  carbon  dioxide  held  as  carbonates  in  quantities  not  evident  by 
gas  evolution  on  treatment  with  dilute  acids.  To  deal  with  this 
problem  a  set  of  noncalcareous  soils  was  selected,  and  the  carbon- 
dioxide  evolution  studied  under  a  variety  of  treatments.  The  appa- 
ratus used  is  shown  in  Figure  1. 


i 

\ 

- 

\ 

( 

- 

£. 
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Figure  1. — Apparatus  for  determination  of  carbon  dioxide:  a.  Gas-washing  bottles 
containing  KOII  ;  h,  soda-lime  tube;  c,  gas-evolution  flask;  d,  separatory  funnel 
for  introduction  of  acid  ;  e,  Liebig  bulb  containing  silver  sulphate  and  sulphuric 
acid ;  ^,  adsorption  tower  containing  glass  beads  which  are  supported  at  the 
bottom  by  a  platinum  cone  perforated  by  very  small  holes;  g,  condenser  for  use 
when  contents  of  evolution  flask  are  to  be  heated 

This  assemblage  of  apparatus  presents  no  novelties  so  far  as  its 
single  parts  are  concerned,  but  the  purification  train,  evolution 
flask  with  automatic  stirrer,  reflux  condenser,  separator  funnel, 
absorption  train,  and  absorbing  column,  to  the  author's  knowledge 
have  not  been  assembled  previously  in  any  single  apparatus.  This 
device  seems  to  be  very  satisfactory  for  accurate  duplication  of  re- 
sults of  the  order  of  magnitude  encountered.  When  once  assembled 
it  is  remarkably  convenient  for  operation  and  requires  relatively 
little  manipulative  skill.  With  it  carbon-dioxide  quantities  as  small 
as  0.2  mg  may  be  duplicated  accurately  and,  by  altering  the  concen- 
tration of  the  alkali  used  in  the  absorbing  tower,  it  may  be  used 
for  even  very  large  quantities  of  evolved  carbon  dioxide. 

The  samples  were  selected  because  they  present  a  wide  range  of 
soil  types,  all  of  which  are  noncalcarexjus  in  the  ordinary  meaning  of 
the  term.  Table  3  gives  descriptive  data  on  these  and  other  soils 
used  in  this  investigation. 
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Table  3. — Soil  types  used  in  the  investigation 


Soil 
No. 


Soil  type 


Depth 


Location 


193 
181 

6797 
189 

4440 

7300 
391 
185 
199 
512 

5751 


Carrington  loam 

Ontario  loam 

Shelby  silt  loam 

Wabash  silt  loam. 

Davidson  loam 

Blakely  clay  loam 

HagerstowTi  loam - 

Cecil  clay  loam 

.Miami  silty  clay  loam. 

Sharkey  clay 

Houston  black  clay 


Inches 
0-12 
0-12 
0-7 
0-15 
9-36 
0.3 
0.8 
0-9 
0-10 
0^ 


Blackhawk  County,  Iowa. 
Kittsford,  N.  Y. 
Bethany,  Mo. 
Nemaha  County,  Nebr. 
Guilford  County,  N.  0. 
Randolph  County,  Ga. 
Frederick,  Md. 
M'ilkes  County,  Ga. 
^Vells  County,  Ind. 
Issaquena  County,  Miss. 
Dallas  County,  Tex. 


The  first  four  soil  types  were  selected  because  they  contain  con- 
siderable quantities  of  organic  matter  that  is  readily  removable,  to 
a  large  degree,  by  hydrogen  peroxide.  The  Davidson  soil,  by  con- 
trast, contains  only  a  small  quantity  of  organic  matter  and  is  not 
a  surface  soil.  The  Blakely  soil  contains  0.68  per  cent  of  manganese 
calculated  as  manganous  oxide.     Hagerstown  loam  is  a  neutral  soil. 

The  data  included  in  Table  4,  column  3,  were  obtained  by  treating 
10  g  of  soil  with  12  per  cent  hj^drochloric  acid  and  boiling  for  five 
hours.  This  is  the  treatment  used  by  Shorey  and  Martin  {29).  It 
is  tacitly  assumed  by  them  that  all  the  carbon  dioxide  so  liberated 
results  from  the  decomposition  of  organic  matter.  Column  4  con- 
tains the  data  obtained  b}^  boiling  the  soils  with  12  per  cent  hydro- 
chloric acid  for  a  period  of  15  minutes.  This  series  of  determina- 
tions was  made  to  ascertain  the  order  of  magnitude  of  the  error 
introduced  in  the  method  of  determination  of  carbon  dioxide,  as 
heretofore  employed  in  the  division  of  soil  chemistry  and  physics 
{2If).  It  will  be  observed  that  with  the  exception  of  the  Blakely  soil 
the  quantity  of  CO2  is  exceedingly  small,  and  since  the  laboratory 
method  is  ordinarily  employed  only  when  quantities  of  carbon  diox- 
ide are  present  sufficient  to  cause  effervescence  with  HCl  (1:1),  the 
error  introduced  is  quite  negligible.  This  is  not  so  unimportant 
relatively,  however,  with  respect  to  the  combustion  method  discussed 
later  in  this  bulletin. 

Table  4. — Carbon  dioxide  erolution   fi^om  certnin  nonealcareous  soils  of  given 

pH  rallies  under  diverse  treatments 


Soil  type 

Percentage  of  carbon  dioxide  evolved  from  soil  after  treat- 
ment with — 

Soil 
No. 

12  per 

cent 

HCl, 

5  hours 

boiling 

12  per 
cent 
HCl, 
15  min- 
utes 
boiling 

1  per 

cent 

HCl, 

1  hour 

boiling 

5  per 
cent 
UCl, 
aspi- 
rated 
1  hour 

U2O 
only, 
aspi- 
rated 
1  hour 

5  per 
cent 
acid 
1  hour 
after  as- 
piration 

pH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

193 

Carrington  loam 

0.293 
.  215 

0.057 
.0.^2 

0.038 
.078 
.05-1 
.045 
.050 

.402 

0.009 
.015 
.019 
.010 
.023 
f    .  075 
1  1  .  015 

0.006 
.0(W 
.008 
.007 

0.003 
.008 
.012 
.003 

5.0 

181 

Ontario  loam         .     

5.7 

6797 
189 

.Shelby  silt  loam 

Wiihash  sill  loam   .     .     

.  203  !       .  02fi 
.168         .  035 
.092         .  052 

.  567         .  275 

5.2 
5.6 

4440 

Davidson  loam    

7300 

Blakclv  rlftv  loam                        _  . 

\ 

391 

Hagerstown  loam 

J 

.003 

.045 

7.0 

■  In  presence  of  ferrous  chloride. 
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In  the  Blake ly  soil,  and  in  any  soil  containing  oxidizing  agents 
sufficiently  active  to  oxidize  hydrochloric  acid,  chlorine  may  be  ex- 
pected to  oxidize  organic  matter  with  the  production  of  carbon  diox- 
ide, although  oxidation  of  organic  compounds  by  chlorine  may  occur 
without  carbonic  acid  evolution,  e.  g.,  galactose  or  glucose.  In  such 
instances  it  is  desirable  to  use  the  modification  described  by  Schollen- 
berger  (35) .  This  modification  suggests  the  use  of  ferrous  chloride, 
which  is  preferentially  oxidized  by  the  liberated  chlorine.-  The 
Schollenberger  method  was  not  employed  in  the  data  given  in  col- 
umns 4  and  5,  but  was  employed  in  the  data  given  in  column  6  for 
the  Blakely  soil. 

Column  5  gives  the  results  obtained  by  boiling  10-g  samples  with 
1  per  cent  hydrochloric  acid  one  hour.  It  will  be  noted  that  in  some 
instances  the  quantity  of  carbon  dioxide  produced  was  in  excess  of 
that  produced  by  boiling  with  12  per  cent  HCl  for  15  minutes.  Un- 
doubtedly if  the  boiling  with  1  per  cent  acid  were  sufficiently  long 
continued  even  this  dilution  of  acid  would  eifect  extensive  decompo- 
sition of  compounds  of  the  uronic  acid  type  (9).  In  this  case  also 
the  effect  of  manganese  dioxide  on  the  quantity  of  carbon  dioxide  is 
very  marked  in  the  Blakely  soil. 

In  column  6  are  given  the  data  obtained  by  using  10  g  of  soil  with 
5  per  cent  hydrochloric  acid  and  aspirating  with  purified  air  at  the 
room  temperature  for  one  hour.  The  quantities  of  carbon  dioxide 
obtained  are  notably  less  than  are  obtained  by  boiling  with  1  per 
cent  acid.  In  the  Blakely  soil  the  second  value  is  that  obtained  by 
addition  of  ferrous  chloride,  and  the  difference  indicates  the  oxidiz- 
ing effect,  under  these  conditions,  of  the  manganese  dioxide  in  this 
soil.  A  point  of  special  interest  in  this  series  is  that  if  the  aspira- 
tion is  continued  for  successive  periods  of  one  hour  each,  no  meas- 
urable liberation  of  carbon  dioxide  occurs.  This  is  in  marked  con- 
trast with  the  series  w4th  boiling  acids  given  in  column  5,  in  which 
in  all  cases  no  end  point  was  reached  though  the  successive  incre- 
ments were  of  diminishing  value. 

The  obvious  interpretation  of  these  facts  is  that  the  carbon  dioxide 
evolved  by  the  cold  acid  arises  from  carbonates  present  even  in  these 
soils,  most  of  which  are  distinctly  acid.  This  conclusion  seems  to  be  in 
harmony  with  the  consideration  that  since  all  fertile  soils  contain 
bases  and  the  organic  matter  present  is,  under  moist  conditions, 
producing  carbon  dioxide  as  a  result  of  bacterial  activity,  there  must, 
therefore,  at  all  times  be  an  unstable  condition  tending  toward  equi- 
librium between  the  basic  content  of  the  soil  and  the  carbonic  acid 
content    of    the    soil    solution.     ^Vlien    the    carbonic    acid    content 


-  An  interesting  observation  was  made  in  this  connection.  Cameron  and  Breazeale  (5) 
comment  on  the  observed  fact  that  soil-containing  chlorides,  when  treated  with  sulphuric 
acid  and  chromic  acid,  under  certain  conditions  fail  to  produce  chlorine  evolution  in  suffi- 
cient quantity  to  affect  the  carbon  dioxide  determination  by  the  wet-combustion  method, 
and  state  that  they  have  no  explanation.  The  same  observation  was  made  in  the  treat- 
ment of  the  Blakely  soil  with  hydrochloric  acid,  although  manganese  dioxide  and  hydro- 
chloric acid  must  produce  chlorine.  The  explanation  is  that  the  chlorine  so  formed 
reacts  with  water  to  produce  hypochlorous  acid  which  oxidizes  organic  matter  to  give 
carbon  dioxide  or  decomposes  to  liberate  free  oxygen.  The  evidence  that  this  occurs  is 
found  in  the  fact  that  no  free  chlorine  can  be  detected  in  the  neclc  of  the  flask  below  the 
condenser  but  is  readily  detected  even  by  color,  as  well  as  by  starch  iodide  paper,  ju>st 
above  the  surface  of  the  liquid.  Unless  the  oxidizing  agent  in"  the  soil  be  considerable  in 
amount,  no  free  chlorine  passes  into  the  absorption  train. 

118097°— 32 2 
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increases  sufficiently  the  existence  of  bicarbonates  becomes  possible. 
On  drying,  these  bicarbonates,  so  far  as  calcium,  magnesium,  and 
ferrous  iron  are  concerned,  will  revert  to  carbonates  and,  in  part, 
the  carbon  dioxide  so  liberated  may  be  retained  by  the  soil. 

To  determine  the  relative  amounts  of  the  carbon  dioxide  present 
as  "  adsorbed  "  gas,  10  of  the  soils  were  aspirated  with  distilled 
water  which  had  been  boiled  and  cooled  in  a  closed  vessel.  The 
results  of  this  series  of  determinations  are  given  in  column  7.  It 
will  be  observed  that  the  quantities  so  obtained  are  close  to  the  limits 
of  the  accuracy  of  the  method  employed  in  the  measurement.  Never- 
theless, the  series  as  a  whole  indicates  the  order  of  magnitude  of  the 
quantities  of  carbon  dioxide  present,  either  as  adsorbed  gas  or  as 
bicarbonates.  The  samples  were  then  treated  with  sufficient  hydro- 
chloric acid  to  make  the  acid  concentration  5  per  cent,  and  the  aspi- 
ration continued  for  another  hour.  The  results  obtained  are  found 
in  column  8.  To  this  set  was  added  a  soil  which  had  a  normal  pH 
of  7.  The  sharply  increased  difference  between  adsorbed  COo  and 
that  present  as  carbonate  is  striking  and  is  considered  as  excellent 
confirmation  of  the  general  conclusion. 

On  the  basis  of  the  data  represented  by  Table  4  it  appears  that 
an  error  of  considerable  magnitude  is  introduced  into  the  determina- 
tion of  the  carbonates  present  in  calcareous  soils  if  the  boiling  with 
hydrochloric  acid  (1:2)  is  long  continued.  This  error  is  minimized 
when  the  period  of  heating  is  limited  to  15  minutes.  Soils,  even 
when  acid,  may  contain  measurable  quantities  of  carbonates:  these 
quantities  are  of  a  negligible  magnitude,  except  where  the  degree  of 
base  saturation  approaches  100  per  cent.  Additional  data  on  the 
carbon  dioxide  content  of  certain  soil  colloids  by  use  of  this  method 
are  given  by  Middleton,  Slater,  and  Byers  (i5). 

The  difficulties  produced  by  the  presence  of  manganese  dioxide 
and  calcium  carbonate  in  soils  do  not  appear  to  be  insuperable 
obstacles  to  the  use  of  the  hydrogen  peroxide  method.  It  remains 
to  consider  the  question  of  the  residual  carbon  content  of  the  treated 
residues.  For  this  purpose  nine  soils  were  used  and  the  removal 
of  the  organic  matter  was  made  as  complete  as  practicable  by 
repeated  treatment  with  6  per  cent  hydrogen  peroxide.  The  carbon 
content  of  the  treated  residues  was  determined  by  the  combustion 
method.  The  results  obtained  are  given  in  columns  3  and  4  of 
Table  5.  It  will  be  observed  that  the  carbon  content  of  the  hydro- 
gen peroxide  residues  varies  between  0.15  per  cent  and  0.44  per  cent 
of  the  whole  soil  and  averages  0.25  per  cent.  This  quantity  corre- 
sponds to  1C.4  per  cent  of  the  original  carbon  content  of  these  soils. 
If  the  assumption  is  made  that  this  residual  carbon  is  from  organic 
matter,  to  which  can  be  ascribed  the  carbon  content  used  as  a  con- 
ventional factor  in  the  combustion  method,  the  quantity  of  residual 
organic  matter  (column  5,  Table  5)  is  considerable.^ 

»That  this  assiiinption  is  not  valid  arises  from  the  fact  shown  by  W.  O.  Rohinson  (22) 
that  at  least  a  portion  of  the  rcsi.Iual  carbon  is  not  organic  matter  (p.  2)  and  by  the 
further  fact,  shown  later  in  this  bulletin,  that  even  with  organic  matter  the  conventional 
factor  is  Inaccurate. 
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Table  5. — Onjanic  matter  hy  the  Ixydrogen  peroxide  method 


Soil 
No. 

Soil  type 

Organic 

matter  by 

hydrogen 

peroxide 

Carbon  in 
residue 

Organic 

matter 

in  soil 

residue 

(CX  1.724) 

Total  or- 
ganic 
matter 
in  soil 

Total  or- 
ganic 
carbon  by 

combus- 
tion 

Organic 

carbon 

removed 

by  H2O2 

1 

2 

3 

4 

5 

6 

t 

8 

lOT 

Miami  siltv  clav  loam 

Per  cent 
2.16 
4.62 
4.29 
.39 
3.01 
2.78 
3.34 
1.23 
3.10 

Per  cent 
0.22 
.28 
.44 
.11 
.31 
.25 
.24 
.24 
.15 

Per  cent 
0.38 
.48 
.76 
.19 
.53 
.43 
.41 
.41 
.26 

Per  cent 
2.54 
5.10 
5.05 
.58 
3.54 
3.21 
3.75 
1.64 
13.65 

Per  cent 
1.51 
2.71 
2.96 

.42 
1.82 
1.87 
2.12 

.90 
2.27 

Per  cent 
85.6 

193 

Carrin^iton  loam -  . 

89.7 

512 
185 

Sharkey  clay 

Cecil  clav  loam                    

86.2 
73.8 

6797 

Shelbv  silt  loam           - 

83.0 

1S9 
ISl 
391 

Wabash  silt  loam 

Ontario  loam 

Tbieerstown  loam                     

86.6 
88.7 
73.3 

5751 

Houston  clav              -  

85.5 

83.6 

1  Includes  organic  matter  in  HCl  filtrate. 

In  order  to  determine  the  degree  of  removal  of  the  organic  mat- 
ter by  the  hydrogen  peroxide,  it  seemed  be.st  to  determine  the  total 
carbon  by  the  dry-combustion  method,  cohnnn  7,  and  from  this  to  cal- 
culate the  percentage  of  organic  carbon  removed  by  the  peroxide 
treatment.  These  values  are  given  in  column  8,  Table  5,  and  vary 
between  the  limits  of  73.3  and  89.7  per  cent.  The  percentage  of 
organic  matter  removed  is  obviously  of  the  same  order  of  magni- 
tude and  would  be  identical  were  the  residual  organic  matter  of  the 
same  composition  as  that  removed. 

In  general,  the  conclusions  arrived  at  by  W.  O.  Robinson  (23) 
are  confirmed.  It  appears  certain  in  cases  where  a  large  quantity 
of  carbon  remains  unconsumed  that  it  may  consist  of  organic  com- 
pounds of  uncertain  carbon  content.  The  evidence  of  this  is  ad- 
mittedly indirect  but  is  considered  convincing  by  the  authors.  The 
most  important  indications  that  such  is  the  case  are  as  follows : 

In  none  of  the  residues  of  the  soils  examined  could  any  particle 
of  carbon  be  positively  identified  by  microscopic  examination.  This 
alone  is  not  convincing,  but  when  coupled  with  the  fact  shown  by 
Robinson  {23)  that  powdered  charcoallike  particles  separated  from 
the  soil  are  largely  consumed  by  hydrogen  peroxide,  it  would  seem 
that  submicro.scopic  particles  ought  to  be  attacked.  It  has  also  been 
pointed  out  by  Shorey  and  INIartin  (39)  that  the  residue  contains 
nitrogen,  and  this  fact  has  been  confirmed  by  the  authors  even  when 
the  nitrogen  present  as  exchange  ammonium  was  taken  into  account. 
The  following  data  on  the  examination  of  a  Chester  silt  loam  sample 
are  submitted  as  an  example : 

Vev  cent 

Organic  carbon  in  the  original  soil 1.78 

Organic  matter  removed  by  H2O2 2.  41 

Carbon  content  of  residue .37 

Nitrogen  content  of  soil .  156 

Nitrogen  content  of  residue .032 

Nitrogen  as  exchan.treable  NH4 .  01(5 

Residual  organic  nitrogen ^^ .010 
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It  will  be  noted  that  the  C :  N  ratio  is  11.4  in  the  original  soil 
and  23.1  in  the  residue  after  peroxide  treatment.  The  important 
deduction  to  be  drawn  from  this  confirmation  of  the  work  of  Shorey 
and  Martin  (2.9)  is  that  the  residual  material  has  a  carbon-nitrogen 
ratio  not  unusual  in  soils  and  therefore  indicates  the  presence  of 
actual  organic  matter  in  the  peroxide-treated  residues.  More  de- 
tailed data  need  not  be  given  because  of  the  data  to  be  found  in  the 
work  submitted  by  Leightj  and  Shorey  {8)  and  by  McLean  {13, 
IJf).  The  former  showed  in  a  study  of  alteration  of  the  carbon- 
nitrogen  ratio  in  a  very  large  number  of  profiles,  that  the  ratio 
decreases  with  depth  in  most  instances,  but  the  reverse  situation 
also  obtained  in  a  few  cases.  This  result  indicates  an  alteration  m 
the  rate  of  destruction  of  nitrogenous  and  nonnitrogenous  material 
under  differing  soil  conditions.  The  results  of  McLean  on  the  car- 
bon-nitrogen ratio  of  peroxide-treated  residues  also  show  alteration 
from  the  ratio  of  the  original  soils.  It  does  not  appear  that  he 
measured  the  base-exchange  nitrogen,  and  consequently  the  detailed 
figures  obtained  are  not  significant.  They  do  show,  however,  that 
normal  soil  organic  matter  is  probably  present  in  these  residues. 

That  some  forms  of  organic  matter  are  highly  resistant  to  hy- 
drogen peroxide  when  not  in  contact  with  soil  is  well  known.  It 
seemed  desirable  to  secure  a  few  such  substances,  known  to  be  present 
in  soil  organic  matter  or  organic  matter  likely  to  find  its  way  into 
soils,  and  determine  to  what  extent  they  yield  to  this  treatment  in 
the  presence  of  soil.  The  soil  employed  was  a  sample  of  Chester 
loam  and  the  samples  in  question  were  mixed  with  this  soil  in  the 
ratio  of  1  to  5. 

The  resulting  data  are  giA^en  in  Table  6. 

Table  6. — Organic  materials  and   hadrogen  peroxide   in   the  presetice  of  soil 

organic  matter 


Substance 


Loss  by 
H2O2 
alone 


Loss  bv 

H2O2 
and  soil 


Ash 


Organic 

matter 

destroyed 


Lemon  pectin 

Peat  from  Lake  Mattamaskeet 

Apple  cuticle. 

Lignin 

Indigotin 

Oleanolic  acid 


Per  cent 
86.7 
73.9 
18.  .'5 
52.3 
0 
-.9 


Per  cent 
89..') 
81.5 
34.8 
78.9 
91.8 
3.4 


Per  cent 

7.9 

9.7 

.5 

.7 


0 


Per  cent 
97.2 
90.2 
35.0 
79.4 
9L8 
3.4 


The  lomon  pectin  is  a  material  very  rich  in  uronic  acids.  The  peat 
used  is  very  rich  in  alcohol-soluble  material.  The  apple  cuticle  was 
furnished  by  C.  E.  Sando,  of  the  Bureau  of  Chemistry  and  Soils, 
and  is  highly  resistant  to  oxidation.  The  lignin  is  a  sample  of  puri- 
fied material  ftirnisliod  by  Max  Phillii)s.  of  the  Bureau  of  Chemistry 
and  Soils.  The  oloauic  acid  is  a  material  extracted  from  grape  skins 
by  C.  E.  Sando  and  known  to  be  highly  resistant  to  oxidation. 

Certain  minor,  but  real,  sources  of  error  in  the  use  of  the  hydrogen 
])eroxi(1e  method  arise  as  the  result  of  reactions  between  the  liydrogen 
l)eroxide  and  tiie  inorganic  portions  of  tlic  soil.  The  more  significant 
of  these  is  that  hydrogen  peroxide  is  a  weak  acid  itself  and  with 
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organic  matter  produces  carbonic  acid.  Both  these  effect  base- 
exchange  I'eactions  with  the  bases  of  the  soil  complex  and  whether 
they  pass  into  solution  or  not  have  the  effect  of  diminishing  the  ap- 
parent organic-matter  loss  by  reason  of  the  hydrolysis  so  produced. 
Directly  or  indirectly  the  reaction  is  as  indicated  by  the  following 
equation : 

MX  +  H^O-^MOH  +  HX 

For  each  equivalent  of  base  so  removed  there  is  added  a  molecule  of 
water.  When  the  soil  residue  is  dried  or  the  hydrogen  peroxide 
extract  ignited,  the  weight  relation  is  as  indicated  or  corresponds  to 
half  a  molecule  of  water,  depending  on  whether  the  hydroxide  is 
converted  to  oxide  in  the  process.  It  is  clearly  a  task  of  considerable 
magnitude  to  determine  in  any  one  instance  the  exact  effect  of  this 
type  of  reaction,  and  it  does  not  seem  w^orth  while  since  each  soil 
sample  Avould  have  its  own  correction  values.  It  is  not  difficult, 
however,  to  determine  the  existence  of  the  source  of  error  and  obtain 
a  general  estimate  of  its  magnitude.  For  this  purpose  10-g  samples 
of  Shelby  silt  loam  and  of  Carrington  loam  were  treated  with 
hydrogen  peroxide  until  the  organic  matter  was  removed.  At  the 
same  time  duplicate  samples  of  each  were  treated  with  the  same 
volume  of  distilled  water  and  subjected  to  the  same  procedure.  The 
hltered  solutions  were  evaporated  to  dryness  and  ignited.  The 
ignited  water  residue  amounted  to  6.6  mg  for  the  Shelby  sample  and 
8.9  mg  for  the  Carrington.  The  corresponding  weights  for  the 
peroxide  extracts  w^ere  33.6  and  43.3  mg. 

Were  the  differences  between  the  weights  of  these  extracts  due 
wdioUy  to  conversion  of  exchangeable  calcium  to  calcium  oxide,  the 
error  introduced  w^ould  give  too  low  values  for  the  organic  matter  in 
these  soils  by  about  0.1  per  cent. 

A  less  significant  error  is  due  to  the  fact  that  since  hydrogen  per- 
oxide is  an  oxidizing  agent,  any  oxidizable  inorganic  material  in  the 
soil  will  be  oxidized  to  some  extent,  and  to  the  degree  that  such  oxi- 
dation occurs  the  added  oxygen  would  make  the  organic  matter 
values  too  low.  It  is  not  believed  that  this  error  is  of  moment  in  most 
soils,  since  almost  the  only  oxidizable  inorganic  matter  in  soils  is 
ferrous  iron.  It  is  probable  that  when  such  is  present  the  oxidation 
primarily  results  in  the  base-exchange  phenomenon  discussed  above. 
In  any  case  the  general  effect  of  the  hydrogen  peroxide  treatment  is 
not  greatly  to  intensify  the  color  of  the  treated  residues,  even  when 
high  in  iron. 

In  the  light  of  all  the  data  at  present  obtainable,  it  appears  that  the 
lij'^drogen  peroxide  method  is  not  satisfactory  as  a  means  of  deter- 
mining the  total  organic  matter  of  the  soil.  It  can  be  a  very  useful 
means  of  comparing  the  readily  oxidizable  material  in  different  soils 
and  especially  in  comparing  the  quantities  of  organic  material  in  dif- 
ferent samples  of  the  same  soil.  If  it  be  supplemented  by  a  combus- 
tion determination  of  the  residue,  the  carbon  content  may  be  assumed 
to  be  normal  organic  material  and  multiplied  by  a  conventional 
factor,  or  the  assumption  suggested  by  Robinson  {'22)  may  be  used, 
and  in  either  case  a  fairly  close  approximation  to  the  real  organic 
content  be  reached. 
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THE  COMBUSTION  METHOD 

In  the  following  discussion  attention  is  not  directed  primarily  to 
the  means  by  which  the  quantity  of  carbon  in  a  soil  is  determined.  It 
may  be  said  at  once  that  so  far  as  the  authors  can  determine,  both  the 
wet  and  dry  combustion  methods,  when  carried  out  with  suitable  pre- 
cautions, accurately  estimate  the  quantity  of  carbon  dioxide  produced. 
A  review  of  many  of  the  available  methods  with  critical  comments 
was  furnished  by  Springer  {SI)  in  1928. 

There  seem  to  be  three  points  which  merit  consideration  in  the  pres- 
ent discussion.  The  first,  and  by  far  the  most  important,  concerns 
the  use  of  a  factor  to  convert  the  carbon,  or  carbon  dioxide  content, 
into  the  organic  matter  of  the  soil.  The  second  is  the  determination 
of  the  corrections  to  be  applied  when  calcareous  soils  are  studied,  or, 
in  the  case  of  the  wet-combustion  method,  when  alkali  soils  are  in 
question.  The  third  concerns  the  residual  material  after  dry  com- 
bustion has  been  employed  to  determine  the  carbon  content. 

THE   ORGANIC   FACTOR 

The  use  of  the  conventional  factor,  1.724,  to  convert  the  carbon 
content  of  a  soil  to  organic  content,  is  open  to  serious  criticism. 
From  the  literature  it  would  seem  that  there  is  considerable  uncer- 
tainty concerning  the  origin  of  this  factor.  There  seems  to  be  little 
doubt  that  it  owes  its  extensive  use  to  Van  Bemmelen  {3)  who 
ascribes  its  origin  to  Wolff  {SJf). 

The  earliest  mention  found  of  58  per  cent  as  the  carbon  content 
of  humus,  which  carbon  content  is  the  basis  of  the  conventional 
factor,  is  by  Sprengel  (J/9),  who,  in  1826,  in  a  rather  extensive  paper, 
gave  the  composition  of  humus  as  58  per  cent  carbon,  39.9  per 
cent  oxygen,  and  2.1  per  cent  hydrogen.  He  used  the  copper  oxide 
combustion  method  but  did  not  give  any  detailed  data.  This  paper 
was  given  scant  and  unfavorable  comment  by  Berzelius  (^,  p.  288) 
who,  on  other  grounds,  considered  the  woi'k  reported  so  inaccurate  as 
to  be  untrustworthy.  In  the  light  of  the  data  quoted  by  Dana  (6) 
in  1858,  in  A  IVfuck  Manual  for  Farmers,  as  derived  from  IMulder, 
the  result  obtained  by  Sprengel  for  hunnis  extracted  by  alkali  was 
fairly  accurate,  considering  the  analytical  methods  available. 
Mulder's  values  are  as  follows: 

Percentage  of  carbon 
Kind  of  soil  in  humus 

Fruit-fTchard  soil 5S.  49 

Kitclu'ii-s^ardon    soil Gl.  65 

Field    (mowing)    soil 00.11 

Oak-plantation  soil 58.  98 

In  18G4,  AVolff  (J//  p.  ]f)6)  made  the  following  statement,  al- 
though the  analytical  data  on  which  it  is  based  do  not  appear: 

Urn  aus  dcm  Kohlenstoffgehalt  des  Bodens  die  Menge  der  Hunuissubstanz 
■weni^stons  aniiiilicriHl  K<'"au  zii  beivchiicn.  nt'luno  icli  ini  Hunuis  duivhschnitt- 
lich  58  Vror.  Kolilciistolf  an;  ftlan  liraiiclil  also  den  Kohlenstofl'  nur  niit  1.724 
Oder  die  gefundcnc  Kohlcnsilnre  niit  0.471  zu  niultipliiiren.  um  auf  diese  Weise 
den  (Jolialt  des  Bodens  an  wasserfreieiu  Humus  zu  linden. 

This  statement  seems  to  be  the  basis  for  all  the  later  use  of  these 
factors  wlien  combustion  methods  are  employed  for  determining  the 
organic  content  of  soils. 
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Detmer  (7),  in  1871,  found  the  humus  of  soil  to  have  a  carbon 
content  of  59.79  per  cent.  Loges  {10),  in  1883,  in  a  study  of  the  wet 
and  dry  methods  of  combustion,  used  the  Wolff  factors  freely  to  cal- 
culate the  total  "  humus  substance  "  of  soils.  In  1890  Van  Bemmelen 
{3)  made  the  following  statement  concerning  the  humus  content: 
"  Dieser  ist  erhalten  durch  Multiplikation  des  Kohlenstoffgehaltes 
mit  den  factor  von  Wollf :  1.724."  This  statement  may  be  considered 
as  establishing  the  general  use  of  the  factor. 

That  the  organic  matter  of  the  soil  may  be  widely  different  in 
carbon  content  from  58  per  cent  and  that  the  factors  1.724  and 
0.471  are,  in  consequence,  unreliable,  has  been  shown  repeatedly. 
Indeed,  numerous  investigations  have  shown  that  even  in  the  ex- 
tracted soil  hunuis,  the  mean  values  of  the  carbon  content  have  been 
found  to  be  more  nearly  50  per  cent  than  the  58  per  cent  assumed 
in  the  use  of  the  above  factors.     Only  a  few  of  these  will  be  cited. 

Cameron  and  Breazeale  (5),  in  1904,  showed  that  the  humus 
extracted  from  19  "  typical "  agricultural  soils  by  3  per  cent  am- 
monia contained  percentages  of  carbon  varying  between  the  limits 
of  33.3  and  49.22  per  cent  and  averaged  41.77  per  cent.  Curiously 
enough,  they  advised  the  continued  use  of  the  factor  1.724.  They 
reached  this  conclusion,  partly  at  least,  on  the  basis  of  the  following 
statement   (5,  p.  44)  ' 

Furthermore  this  organic  matter,  not  extracted  by  the  ammonia,  is  made  up 
largely  of  cellulose,  or  celluloselike  substances  in  which  the  percentage  of 
carbon  approaches  closely  the  figure  given  by  Van  Bemmelen. 

Since  the  carbon  content  of  cellulose  is  44.44  per  cent,  this  value 
in  reality  approaches  much  more  closely  their  value  for  the  extracted 
material  than  it  does  the  value  used  as  the  basis  of  the  factor  which 
they  erroneously  attributed  to  Van  Bemmelen. 

In  1922,  Read  and  Ridgell  (iP),  using  the  method  of  Rather  {17), 
to  be  later  discussed,  on  a  series  of  37  soils  of  very  diverse  sources, 
found  a  variation  of  carbon  content  between  the  limits  of  30.2 
per  cent  and  56.27  per  cent,  with  a  mean  value  of  49.26  per  cent,  in 
the  surface  soils,  and  a  variation  between  13.33  per  cent  and  56.55 
per  cent,  with  a  mean  of  39.16  per  cent  for  subsoils  of  the  same  series 
of  soils.  The  mean  for  the  whole  series  of  soils  for  both  surface 
soil  and  subsoil  was  43.91  per  cent.  These  results  are  in  general 
harmony  with  those  of  Cameron  and  Brezeale  (o).  They  are  dis- 
tinctly out  of  harmony  with  the  results  obtained  by  W.  O.  Robinson 
{22)  who  found,  for  the  organic  matter  of  the  material  removed 
by  hydrogen  peroxide,  values  ranging  from  37.5  to  70.1  per  cent, 
with  a  mean  value  of  54.8  per  cent.  On  the  assumption  that  the 
residues,  after  treatment,  consisted  wholly  of  carbon,  he  calculated 
the  total  organic  matter  to  have  a  carbon  content  which  ranged 
between  44.5  and  78.4  per  cent,  with  a  mean  value  of  58.6  per  cent. 
It  should  be  added  that  in  the  series  of  soils  examined,  the  maxi- 
mum values  were  shown  by  a  soil  known  to  contain  free  charcoal 
particles.  Excepting  this  soil,  the  maxima  were  61.9  and  66.5  per 
cent. 

Lunt  {11)  J  in  1931,  in  a  study  of  the  carbon-organic  ratio  of 
forest  soil  humus,  found  for  freshly  fallen  leaves  a  factor  of  1.89; 
for  partly  decomposed  leaves,  1.85;  and  for  well-decomposed  leaves, 
1.80.     In  this  study  the  loss  on  ignition  was  used  as  a  basis  of  esti- 
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mation  of  total  organic  matter  and,  although  this  method  is  obviously 
faulty  as  applied  to  soil,  it  is  not  so  seriously  questionable  when  used 
on  the  materials  studied. 

A  recent  article  by  Waksman  and  Stevens  (32)  discusses  the  limita- 
tions of  the  hydrogen  peroxide  method  and  the  use  of  chlorine 
dioxide  in  estimating  the  organic  content,  of  certain  types  of  ma- 
terial, which  have  a  very  high  organic  content,  and  finds  them 
unsatisfactory  as  used.     The  authors  state  {32,  p.  11  If)  : 

The  most  reliable  method  at  present  for  determining  quantitatively  the  soil 
organic  matter  is  based  upon  the  determination  of  organic  carbon,  which  is 
multiplied  by  1.724  to  give  a  total  soil  organic  matter. 

They  adduce  no  positive  evidence  from  any  source  for  this  state- 
ment. 

In  view  of  the  wide  variance  shown  throughout  the  literature  cited 
above,  it  seemed  not  to  be  essential  to  carry  out  detailed  examinations 
for  the  purpose  of  again  showing  the  divergence  of  values  obtained 
by  the  different  methods.  However,  the  data  given  in  Table  8,  show 
that  no  close  concordance  exists  between  the  hydrogen  peroxide 
method  and  the  combustion  method  when  used  on  the  same  soils,  even 
though  "  correction  "  be  made  for  the  residual  carbon  after  hydro- 
gen peroxide  treatment.  Incident  to  the  use  of  the  Rather  method 
(see  beyond)  the  values  for  the  carbon  content  of  the  organic  matter 
of  these  soils,  which  is  not  soluble  in  a  mixture  of  hydrochloric  and 
hydrofluoric  acids,  are  available.  (Table  8,  column  8.)  The  range 
is  from  46.8  per  cent  to  61.4  per  cent. 

It  would  appear  from  the  accumulated  data  that  however  ac- 
curately carbon  may  be  determined  in  a  soil,  the  error  introduced  by 
the  use  of  the  conventional  factor  is  very  great.  It  is,  therefore, 
futile  to  attempt  to  arrive  at  any  factor,  since  existing  data  show 
that,  as  a  matter  of  fact,  the  carbon  content  of  soil  organic  matter  is 
extremely  variable.  Some  have  endeavored  to  avoid  the  uncertainty 
introduced  by  the  u.se  of  a  factor  by  contenting  themselves  with  the 
determination  of  the  carbon  and  basing  comparisons  between  soils 
on  the  quantities  so  found.  Such  procedure  is  analytically  sound  but 
not  very  satisfactory,  since  the  quantity  of  tlie  material  represented 
by  the  same  carbon  content  may  be  essentially  different,  and  quanti- 
ties of  carbon  may  be  quite  different  and  yet  represent  like  quantities 
of  organic  material.  Even  if  reporting  carbon  content  alone  were 
satisfactory  in  general,  there  is  one  very  important  purpose  that  can 
not  be  so  served.  The  combined  water  is  a  very  important  component 
of  the  soil,  and  its  e.'^timation  depends  at  present  on  the  difference 
between  the  ignition  loss  and  the  organic  content.  The  carbon  con- 
tent serves  in  no  way  to  obtain  the  water  content,  and,  unfortunately, 
any  error  brought  in  by  the  use  of  the  factor  1.724,  or  any  othei- 
factor,  makes  a  like  error  in  the  water  component.  This  is  so  serious 
in  the  study  of  inorganic  .soil  constitution  as  to  nudve  an  accurate 
method  of  determination  extremely  desirable,  entirely  aside  from  its 
importance  to  the  study  of  the  organic  matter  itself. 

CABBONATEn>    SOILS 

As  was  pointed  out  in  the  review  of  the  hydrogen  peroxide  method, 
tlie  accurate  determination  of  the  carbon  dioxide  content  of  a  soil 
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involves  the  consideration  of  a  number  of  factors.  Thus,  if  the 
combustion  method  be  employed  on  calcareous  soils,  any  error  in  the 
estimation  of  carbon  dioxide  resulting  from  acid  treatment  is  im- 
mediately reflected  in  the  estimation  of  the  organic  matter;  this  is 
true  whether  the  error  be  caused  by  the  decomposition  of  organic 
matter  or  otherwise. 

The  data  already  presented  show  that,  although  the  method  of 
determining  the  carbon  dioxide  by  boiling  with  12  per  cent  HCl  for 
a  short  period  is  not  likely  to  introduce  significant  error  into  the 
estimation  of  the  carbonates,  it  is  likely  to  produce  a  relatively  more 
important  error  in  the  calculated  organic  content,  especially  since  it 
is  uncertain  whether  a  portion  of  the  carbon  dioxide  so  determined 
has  its  origin  in  organic  matter.  It  also  seems  apparent  that  the 
quantity  of  carbon  dioxide  present  in  noncalcareous  soils  is  suffi- 
ciently large,  especially  in  soils  which  approach  or  pass  neutrality, 
to  warrant  a  carbon  dioxide  determination  in  every  case  where  or- 
ganic matter  is  to  be  determined. 

The  question  of  the  retention  of  carbon  dioxide  derived  from  the 
combustion  of  organic  matter  appears  to  depend  somewhat  on  the 
character  of  the  soil.  In  the  absence  of  actual  alkali  carbonates, 
there  seems  but  little  likelihood  of  appreciable  quantities  of  potas- 
sium or  sodium  carbonates  being  formed  by  reaction  between  the 
carbon  dioxide  and  exchange  bases  in  the  soil  which  escape  decom- 
position at  the  furnace  heat.  As  a  matter  of  fact  this  residual  carbon 
dioxide  is  small  but  real  in  the  nonalkaline  soils  under  examination. 
The  results  obtained  are  given  in  Table  7. 


Table  7. — Cwrhonates  in 

residue  after  comiustion 

Soil 
No. 

Soil  type 

Percent- 
age of  CO2 
in  residue 

Soil 
No. 

Soil  type 

Percent- 
age of  CO3 
in  residue 

193 

Carrington  loam . 

0.044 
.011 
.044 
.051 

181 

512 

5751 

Ontario  loam 

0.016 

6797 

Shelby  silt  loam 

Sharkey  clay     

.022 

199 

Miami  silty  clay  loam 

Houston  black  clay 

.000 

185 

Cecil  clay  loam         .  _ 

So  far  as  the  authors  are  aware,  the  presence  of  alkali  carbonates 
in  itself  offers  no  difficulty  to  the  use  of  the  dry-combustion  method, 
but  the  associated  so-cr.lled  alkali  salts  may  at  times  offer  manipula- 
tive difficulties,  and  the  wet-combustion  method  is  to  be  preferred. 

The  combustion  method  seems  to  be  a  very  satisfactory  means  of 
estimating  the  carbon  content  of  soils,  assuming  proper  precautions 
are  taken  to  insure  accuracy  of  results  and  to  avoid  errors  incident 
to  the  presence  of  carbonates.  When  w^e  undertake  to  translate  the 
carbon  content  into  organic-matter  content,  the  method  is  useless 
for  any  purpose  other  than  a  rough  comparison.  It  is  difficult  to 
understand  why  its  use  should  have  been  so  long  continued  except 
for  the  belief  that  no  more  satisfactorv^  method  existed,  and  it  is 
better  to  use  a  poor  tool  than  to  do  no  w^ork.  Certainly  the  relative 
quantities  of  organic  matter  in  soils  is  an  important  question,  and 
a  satisfactory  method  is  greatly  to  be  desired. 
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LOSS  ON  IGNITION 

The  loss  on  ignition  has  long  been  used  as  a  measure  of  the  relative 
organic  content  of  soils.  {^)  That  the  direct  application  of  this 
method  is  accompanied  by  gross  error  is  too  well  known  to  warrant  a 
detailed  review  of  the  proofs  of  its  inadequacy.  The  hydrated  miner- 
als of  the  mica,  and  zeolite  types  and  the  '"  water  of  constitution  "  of 
the  colloids  and  of  clay  minerals  are  included  in  the  ignition  loss.  It 
is  important  to  determine  the  water  content  of  soils  and  colloids  as 
well  as  to  determine  the  organic  matter  itself.  A  very  valuable  aid 
to  soil  study  would  be  secured  if  a  method  were  available  for  dis- 
tinguishing between  the  portions  of  the  total  ignition  loss  due  to 
organic  matter  and  to  the  dehydration  of  inorganic  materials. 

In  1917  there  appeared  a  bulletin  of  the  Arkansas  Agricultural 
Experimental  Station  by  Rather  {J7)  in  which  the  distinction  just 
mentioned  was  attempted.  Bather's  method  consists  essentially  in 
the  removal  of  the  hydrated  mineral  matter  of  soils  by  repeated 
treatment  w^ith  a  mixture  of  dilute  hydrochloric  and  hydrofluoric 
acids  and  subsequent  washing  to  remove  these  acids  and  their  soluble 
salts.  The  residual  organic  matter  is  then  determined  by  ignition. 
It  is  obvious  that  this  method  involves  the  removal  of  the  organic 
matter  which  is  soluble  in  water  and  in  acids  at  the  dilutions  em- 
ploj'ed,  or  which  is  decomposed  by  treatment  with  acids.  The  ex- 
tent to  which  such  removal  of  organic  matter  before  ignition  occurs 
can  be  approximated  by  determining  the  total  carbon  before  and 
after  extraction  Avith  acids.  In  a  series  of  determinations  on  12  soils, 
Rather  demonstrated  that  the  loss  of  carbon  by  leaching  was  small, 
varying  between  0.01  and  0.16  per  cent  with  an  average  loss  of  0.06 
per  cent.  This  paper  was  followed  by  Read  (18)  who  applied  the 
method  of  Rather  to  effect  a  simultaneous  determination  of  organic 
matter  and  organic  carbon,  and  in  doing  so  developed  a  wide  vari- 
ation in  the  percentage  content  of  carbon.  This  was,  in  turn,  fol- 
lowed by  a  more  extended  paper  by  Read  and  Ridgell  (JO).  They 
presented  the  results  of  a  study  of  the  Rather  method  wnth  reference 
to  tlie  question  of  tlie  validity  of  the  conventional  factor  to  which 
attention  has  already  been  drawn.  (P.  15.)  In  the  1926  editioii 
of  AViley's  Principles  and  Practice  of  Agricultural  Analysis  (33) 
tliis  njethod  of  examination  was  somewhat  briefly  discussed  and 
was  dismissed  Avith  the  comment  that  "the  method  gives  A'ery  sat- 
isfactory results  but  is  quite  chronokleptic."  In  view  of  the  impor- 
tance of  the  matter  it  seemed  desirable  to  reexamine  this  method, 
ilespite  its  time-consuming  character,  and  apply  it,  or  a  modifica- 
tion of  it,  to  the  same  soils  which  were  examined  by  the  methods 
])rcviously  discussed. 

EXPERIMENTAL  DATA 

In  Ratlier's  (17)  detailed  method  soils  are  first  leached  with  water 
and  then  treated  repeatedly  on  the  water  bath  witli  a  1  per  cent  solu- 
tion, consisting  of  0.5  per  cent  hydrochloric  acid  and  0.5  per  cetit 
IiydrofliKtric  acid,  until  a  constant  ignition  loss  is  obtained.  The 
(juantity  of  organic  matter  dissolved  by  the  water  may  be  determined 
.sej)a lately.  In  view  of  the  obsei'vations  previously  discussed  in  this 
bulletin;  it  seemed  best  to  modify  Rathcr^s  method  in  certain  details. 
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In  securing  the  data  given  in  Table  8,  the  soils  were  treated  with  a 
mixture  of  2.5  per  cent  hydrochloric  acid  and  2.5  per  cent  hydrofluoric 
acid  in  platinum  dishes  and  allowed  to  stand  overnight  at  room' 
temperature,  and,  after  filtration,  this  treatment  was  repeated.  The 
soil  residue  was  washed  until  free  from  chlorides.  The  filtrate  was 
not  directly  examined  for  carbon  content,  but  this  was  indirectly 
determined  as  later  described.  The  soil  residue  was  dried  at  100°  to 
105°  C.  and  then  ignited  in  a  muffle  furnace  and  the  ignition  loss 
determined.  This  ignition  loss  represents  the  undissolved  organic 
matter,  if  the  hydrated  inorganic  matter  has  actually  been  wholly 
removed,  and  the  residue  contains  no  inorganic  material  which  alters 
in  weight  during  ignition. 

A  preliminary  experiment  to  illustrate  the  degree  of  complete- 
ness of  removal  of  hydrated  inorganic  material  was  carried  out  on  a 
sample  of  the  fraction  of  the  Ba  horizon  of  Cecil  clay  loam,  from 
Rutherford  County,  N.  C,  which  does  not  pass  a  300-mesh  sieve. 
It  consisted  largely  of  mica,  together  with  a  small  quantity  of  col- 
loidal aggregates.  It  had  an  ignition  loss  of  9.4  per  cent  and  a 
carbon  content  of  0.12  per  cent.  After  one  treatment  Avith  the  mix- 
ture of  acids  the  ignition  loss  was  reduced  to  2.32  per  cent;  after  a 
second  treatment  the  ignition  loss  was  0.27  per  cent ;  and  after  a  third 
treatment  was  0.15  per  cent.  The  calculated  organic  content  was 
0.20  per  cent  (0.12X1.724).  This  material  should  be  considerably 
more  difficult  to  free  from  hj^drated  minerals  than  ordinary  soil. 
The  authors  are  confident,  therefore,  that  no  material  error  in  the 
application  of  this  method  was  due  to  loss  of  "  combined  "  water. 

The  results  obtained  on  11  soils  are  given  in  Table  8.  The  data 
in  column  3  are  the  direct  ignition  losses  obtained  after  the  described 
treatment  with  the  hydrochloric  acid-hydrofluoric  acid  mixture, 
except  in  the  case  of  Houston  black  clay.  In  this  case,  because  of  the 
high  carbonate  content,  the  soil  was  given  a  preliminary  treatment 
with  5  per  cent  hydrochloric  acid. 

Table  8. — Organic  matter  by  the  modified  Rather  method 


Soil 
No. 

Soil  type 

Ignition 
loss 

Organic 

carbon  in 

filtrate 

Carbon  in 
filtrate 
X  1.724 

Total 

organic 

matter  by 

modified 

Rather 

method 

Total  or- 
ganic matter 
assuming 
dissolved 
organic 
matter  has 
same  carbon 
content  as 
given  in 
Column  8 

Carbon  in 
organic 

matter  of 
residue 

1 

2 

3 

4 

5 

6 

7 

8 

193 

Carrington  loam 

Per  cent 
3.61 
2.87 
2.47 
2.24 
6.00 
1.47 
.65 
1.91 
3.79 
3.17 
3.09 

Per  cent 
0.90 
.65 
.53 
.65 
1.16 
.14 
.12 
.41 
.63 
.57 
.24 

Per  cent 

1.56 

1.12 

.92 

1.12 

2.01 

.23 

.20 

.70 

1.08 

.98 

.42 

Per  cent 
5.17 
3.99 
3.39 
3.36 
8.01 
1.70 
.85 
2.61 
4.87 
4.15 
3.51 

Per  cent 
5.41 
4.13 
.3.48 
3.42 
8.44 
1.74 
.91 
2.67 
4.82 
4.24 
3.57 

Per  cent 
50  1 

181 

Ontario  loam _  . 

'il    4 

6797 

Shelby  silt  loam 

52  3 

189 

Wabash  silt  loam . 

55  0 

7300 

Blakely  clay  loam .. 

47  6 

391 

Hagerstown  loam 

52  0 

185 

Cecil  clay  loam 

46  8 

199 

Miami  silty  clay  loam 

53  9 

512 

Sharkev  clay  

61  4 

5751 

Houston  black  clay 

53  4 

9356 

Chester  loam 

49  9 

Average 

52. 16 
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In  column  4  is  given  the  carbon  content  of  the  organic  matter  dis- 
solved by  the  acid  treatment.  These  values  were  obtained  by  deter- 
mining the  total  carbon  content  of  the  original  samples  by  the  dry- 
combustion  method  and  subtracting  from  this  quantity  the  carbon 
found  in  the  acid-treated  residue.  It  will  be  observed  that  the  quan- 
tities so  found  are  much  higher  than  those  obtained  by  Rather.  (P. 
18.)  This  is  not  alone  due  to  the  gi'eater  concentration  of  the  acids 
omiDloyed,  but  also  to  the  very  greatly  increased  period  of  diges- 
tion in  the  cold  acid.  The  values  range  from  0.12  to  1.16  per  cent. 
The  high  value,  1.16  per  cent,  was  obtained  in  the  case  of  Blakely 
clay  loam.  This  is  a  soil  in  which  0.68  per  cent  of  manganese  is  pres- 
ent, calculated  as  manganous  oxide.  It  is  present  chiefly  as  the  diox- 
ide, and  were  it  all  so  present,  it  would  correspond  to  a  percentage 
content  of  0.83.  Without  doubt  the  large  solution  loss  in  this  case  is 
due  in  part  to  the  oxidation  of  organic  matter  by  the  products  of 
reaction  between  the  manganese  dioxide  and  the  acids.  It  is  certain, 
however,  that  not  all  the  dioxide  present  is  decomposed  bj'  this  proc- 
ess, since  in  the  case  of  the  Blakely  sample  the  ignited  residue  was 
black,  whereas  in  all  the  other  samples  the  residues  were  nearly 
wdiite  or  white.  With  manganese  dioxide  present  in  large  amounts 
there  occurs  a  source  of  error  in  the  application  of  the  Rather  method 
not  encountered  in  the  combustion  method.  When  manganese  di- 
oxide is  treated  with  a  mixture  of  the  acids,  even  of  the  strength 
employed  by  the  authors,  it  is  attacked  to  but  a  slight  degree.  When 
the  insoluble  residue  is  ignited  it  is  converted  to  the  manganous  man- 
ganic form  Mn304,  and  the  loss  of  oxygen  from  this  source  (12.2  per 
cent  of  the  weight  of  MnOv),  if  not  compensated,  is  counted  as 
organic  matter.  In  ordinary  soils  the  error  introduced  in  this 
manner  is  very  small,  and  even  in  the  case  of  Blakely  clay  loam 
would  be  at  the  greatest  but  0.1  per  cent. 

In  column  5  of  Table  8  are  given  the  values  obtained  for  the 
organic  matter  present  in  the  acid  filtrates  calculated  on  the  assump- 
tion that  the  conventional  factor,  1.724,  tinies  the  carbon  content, 
is  valid.  Even  if  this  be  not  true,  it  is  obvious  that  less  error  is 
introduced  by  using  the  factor  on  a  part  of  the  carbon  content  than 
when  it  is  applied  to  the  whole. 

In  column  6  of  Table  8  are  given  the  values  of  the  total  organic 
matter  in  the  soils  obtained  by  adding  the  values  in  columns  3  and  5. 
In  column  8  is  given  the  percentage  content  of  carbon  in  the  undis- 
solved organic  matter  after  treatment  with  the  acid  mixture.  It  will 
be  observed  that  these  values  range  between  46.8  and  61.4  per  cent, 
with  a  mean  value  of  52.16  per  cent.  It  appears  that,  if  w^e  w^ere 
only  certain  that  the  dissolved  organic  matter  had  the  same  carbon 
content  as  that  not  dissolved,  we  would  obtain  a  very  accurate  esti- 
mate of  the  organic  content  of  the  soil  by  multiplying  the  carbon 
content  by  the  factor  corresponding  to  its  percentage  value.  It  is  not 
j)r()bable  that  this  is  permissible,  since  the  very  fact  that  it  is  soluble 
dilferentiates  it  from  that  which  is  not  dissolved.  However,  since 
it  has  been  repeatedly  shown  that  the  carbon  content  of  the  organic 
matter  of  soils  is  variabit;  and  that,  in  whatever  fraction  isolated, 
the  mean  value  is  less  than  58  per  cent  (as  in  the  soils  under  discus- 
sion), a  lesser  error  is  introduced  when  the  total  organic  matter  is 
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calculated  as  indicated  above  than  when  the  calculation  is  made  as 
in  column  6. 

In  column  7  are  given  the  organic-matter  contents  of  the  soils  on 
the  assumption  that  the  organic  matter  dissolved  has  the  same  car- 
bon content  as  that  not  dissolved.  It  will  be  observed  that  the 
differences  between  the  quantities  given  in  columns  6  and  7  are  in 
some  cases  very  slight  and  in  others  quite  appreciable.  It  is  recog- 
nized that  neither  column  6  nor  column  7  shows  accurate  values,  but 
that  the  values  in  column  7  are  probably  somewhat  closer  to  the  real 
organic  content  of  these  soils. 

COMPARISON  OF  THE  METHODS 

In  order  to  facilitate  comparison  between  the  three  methods  under 
discussion  the  final  values  for  each  method  on  each  soil"  have  been 
brought  together  in  Table  9. 

Table  9. — Comparison  of  organic  matter  determinations  by  the  three  methods 

studied 


Soil 
No. 


193 

181 

6796 

189 

7300 

391 

185 

199 

512 

5751 

9356 


Soil  type 


Carrington  loam 

Ontario  loam, -.. 

Shelby  silt  loam 

Wabash  silt  loam 

Blakely  clay  loam 

Hagerstown  loam 

Cecil  clay  loam 

Miami  sUty  clay  loam 

Sharkey  clay 

Houston  black  clay..- 
Chester  loam 


Organic 
matter  by 

H2O2 
method 

(from 
Table  5) 


Per  cent 
5.10 
3.75 
3.54 
3.21 
6.76 
1.64 
.58 
2.54 
5.05 
3.62 
3.05 


Organic 

matter  by 


Organic 
matter  by 
modified 

Rather 


combustion  i  method  (O 


method 
(CX1.724) 


Per  cent 
4.68 
3.66 
3.14 
3.22 
6.92 
1.55 
.73 
2.47 
5.10 
3.91 
3.07 


in  filtrate  X 

factor  from 

Table  8, 

column  8) 


Per  cent 
5.41 
4.13 
3.48 
3.42 
8.44 
1.74 
.91 
2.67 
4.82 
4.24 
3.57 


It  will  be  observed  that  the  organic  matter  content  of  these  soils, 
as  shown  by  the  hydrogen  peroxide  method,  is  less  than  that  shown 
by  the  modified  Kather  method  in  all  the  soils  save  Shelby  silt  loam 
and  Sharkey  clay.  The  diiference  in  general  between  the  values  in 
column  3  and  column  4  is  small,  and  the  quantities  shown  are  essen- 
tially identical  when  the  known  sources  of  error  of  both  methods  are 
taken  into  consideration. 

It  appears  that,  if  the  precautions  outlined  in  the  preceding  pages 
be  used,  the  hydrogen  peroxide  method  and  the  dry-combustion 
method  are  of  equal  validity,  and,  since  both  are  apparently  inaccu- 
rate, it  is  immaterial  which  method  is  employed  for  the  purpose  of 
estimating  organic  matter  in  soils,  provided  the  same  care  is  employed 
in  each.  Since  the  dry-combustion  method  is  much  more  readily  car- 
ried out  and  involves  but  one  combustion,  whereas  the  peroxide 
method  requires  in  addition  the  careful  technic  of  the  hydrogen  per- 
oxide treatment,  it  follows  that  in  general  the  dry-combustion  method 
is  to  be  preferred.     It  also  seems  to  be  true  that  where  the  object 
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sought  is  the  relative  amount  of  organic  matter  in  various  samples  of 
the  same  or  similar  soils,  the  hydrogen  peroxide  method  may  be  pre- 
ferred when  the  combustion  of  the  residues  is  omitted.  It  may  be 
assumed  that,  since  the  hydrogen  peroxide  effects  the  oxidation  of  the 
more  readily  oxidizable  matter,  the  relative  amounts  so  shown  are 
more  truly  an  index  of  the  organic  matter  available  for  bacterial  con- 
sumption than  are  the  relative  amounts  of  total  carbon  multiplied  by 
any  factor.  Although  this  assumption  may  be  correct,  proof  of  its 
validity  is  lacking.  The  need  of  a  method  for  such  distinction  has 
been  pointed  out  by  Shorey  (27) . 

It  may  be  observed  that  in  the  combustion  method  the  results  may 
be  either  above  or  below  the  actual  organic  content,  whereas  in  the 
hydrogen  peroxide  methods  the  results  should  invariably  be  low. 

When  we  turn  to  the  comparison  of  the  dry-combustion  method 
with  the  modified  Rather  method  (Table  8,  columns  4  and  5)  it  is 
found  that  the  latter,  in  general,  gives  higher  results  for  the  organic- 
matter  content.  The  single  exception  is  in  the  case  of  Sharkey  clay, 
and  this  difference  is  chiefly  due  to  the  high  carbon  content  of  at  least 
the  organic  matter  not  dissolved  by  the  acid  treatment.  (Table  8, 
column  8.)  Similarly,  the  larger  values  in  column  5,  Table  9,  as 
compared  with  column  4,  are  to  be  ascribed  in  part  to  the  same  pro- 
cedure, using  the  larger  factor  required  by  the  carbon  percentages 
given  in  column  8  of  Table  8.  Nevertheless,  even  the  smaller  values 
obtained  by  applying  the  conventional  factor  to  the  acid-soluble 
organic  matter  still  leaves  (Table  8,  column  6)  them  larger  than  those 
obtained  by  the  dry-combustion  metliod.  The  widest  divergence  is 
found  in  the  case  of  Blakely  clay  loam,  where  the  margin  is  1.52  per 
cent.  As  already  mentioned  (p.  20)  the  presence  of  the  manganese 
dioxide  in  this  soil  introduces  a  small  source  of  error  into  the  modified 
Rather  method  but  operates  to  bring  about  values  which  are  too  low. 
It  follows  then  that  if  the  percentage  carbon  content  given  in  column 

8,  Table  8,  actually  represents  the  carbon  content  of  the  total  organic 
matter  of  the  soils  in  question,  then  the  high  values  of  column  5,  Table 

9,  are  more  nearly  a  quantitative  measure  of  the  true  organic  matter 
of  the  soil  than  are  the  quantities  obtained  by  either  the  hydrogen- 
peroxide  or  the  dry-combustion  method,  using  the  conventional  con- 
version factor.  That  the  percentage  carbon  content  of  the  organic 
matter  in  these  soils  is  variable  between  wide  limits  is  abundantly 
supported  by  the  experimental  data  as  well  as  by  the  data  presented 
in  the  references  discussed.  (P.  14.)  The  uncertainty  regarding 
the  carbon  content  of  the  acid-soluble  organic  matter  is  the  most  im- 
portant element  of  doubt  in  the  application  of  the  Ratlier  principle. 
That  it  offers  the  most  satisfactory  method  at  present  available  for 
the  determination  of  the  true  organic  content  is  believed  to  be  shown. 
That  the  modified  Rather  method,  as  used  by  the  authors,  is  time- 
consuming  is  undeniable.  It  requires  two  combust it)n  operations, 
whereas  the  dry-combustion  method  requires  but  one,  and,  in  addi- 
tion, i'('<|uiies  the  time  delay  involved  in  successive  treatments  with 
the  mixed  acids  and  the  subsequent  washing  and  drying  of  the  resi- 
dues. The  use  of  hydrofluoric  acid  involves  tlie  use  of  i)hitinum  ves- 
sels in  considerable  numbers,  if  many  oi)erations  are  to  be  carried 
forwiird  at  the  same  t  inie.  It  is  not  tn  be  expected,  tlieivfore,  that  the 
method  will  be  employed  for  routine  comparative  purposes.     It  is 
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believed  that  this  method,  or  an  improvement,  shoukl  be  used  when 
results  of  the  highest  possible  accuracy  are  required. 

The  study  of  "the  problem  of  soil  organic  matter  involved  in  the 
preparation  of  this  bulletin  lends  emphasis  to  the  contention  of 
Waksman  and  Stevens  (32)  and  of  Shorey  (28)  that  the  organic 
matter  of  soils  is  not  adequately  differentiated  when  its  quantity 
is  determined  accurately,  even  were  that  possible.  That  soil  organic 
matter  varying  as  widely  in  carbon  content  as  the  available  data 
indicates  should  be  of  widely  varying  agricultural  significance  is 
beyond  question.  That  the  method  of  differentiation  suggested  by 
Waksman  and  the  frankly  qualitative  method  of  Shorey  are  ade- 
quate for  the  purpose  is  niore  than  doubtful.  That  better  methods 
for  the  study  of  organic  matter  are  urgently  needed  is  obvious. 

SUMMARY 

A  study  of  the  organic-matter  content  of  a  group  of  soils  by  the 
hydrogen  peroxide  method,  the  dry-combustion  method,  and  the 
modified  Rather  method  is  presented,  together  with  a  discussion  of 
the  defects  of  each  method. 

The  conclusion  is  reached  that  none  of  these  methods  gives  a 
satisfactorily  accurate  means  of  estimating  the  organic  matter  in 
soils.  The  attempt  is  made  to  show  that  the  modified  Rather  method 
comes  nearest  to  the  objective  sought,  but  that  it  is  too  slov/  and 
expensive  for  ordinary  routine  examinations.  The  fact  that  the 
dry-combustion  method  is  based  on  a  fundamentally  inaccurate  con- 
version factor  does  not  invalidate  its  use  for  accurate  determination 
of  carbon  content  is  pointed  out. 

The  need  for  careful  consideration  of  the  carbonate  content  of 
soils  as  a  part  of  the  procedure  in  determining  the  carbon  content 
of  soils  is  emphasized  and  an  improved  procedure  is  suggested. 
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INTRODUCTION 

Soil  erosion  is  a  problem  which  has  confronted  agriculturists  as 
long  as  land  has  been  cultivated.  When  fertile  virgin  soil  is  plenti- 
ful, little  attention  is  paid  to  erosion,  but  when  tillable  land  becomes 
scarce,  soil  preservation  becomes  economically  necessary.  The  exten- 
sion of  eroded  areas  within  the  United  States  has  only  recently  caused 
a  serious  scientific  study  of  this  problem  of  national  soil  conserva- 
tion. The  first  attempt  to  determine  the  quantity  of  run-off  and 
erosion  from  a  limited  area  of  soil  was  carried  out  in  1915  by  the 
Forest  Service  in  the  Manti  National  Forest,  Utah.  (^5).^  Since 
that  time  erosion  stations  have  been  established  by  the  Missouri 
Agricultural  Experiment  Station  at  Columbia,  Mo.  (5),  the  Texas 
Agricultural  Experiment  Station  at  Spur,  Tex.  (^f),  the  Forest 
Service  at  San  Bernardino,  Calif.  (12),  and  the  Bureau  of  Agricul- 
tural Engineering  at  Raleigh,  N.  C.-  In  general,  the  purpose  of 
establishino;  these  stations  has  been  to  demonstrate  and  evaluate  the 
enormous  damage  that  is  done  to  the  soil  by  soil  erosion.  The  pioneer 
work  of  these  stations  furnishes  a  meritorious  introduction  to  the 


^  Ualic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  49. 

-  BaUTEL,    F.    O.        progress   report   ox    soil   EROSION"    AND   RUN-OFF   EXPERIMENTS   AT    NORTH 
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[Mimeographed.] 


11G127' 


-32- 


2  TECHNICAL  BULLETIN    316,   U.   S.   DEPT.   OF  AGRICULTURE 

more  extended  study  -which  is  now  being  carried  on  b}'^  the  Depart- 
ment of  Agriculture  and  cooperating  agencies. 

The  first  step  in  this  extended  study  was  a  reconnaissance  survey 
made  during  1928-29  for  the  purpose  of  locating  and  outlining  the 
boundaries  of  the  severely  eroded  areas  in  the  United  States.  Eight- 
een districts  were  recognized  in  which  soil  erosion  has  become  a 
serious  menace. 

"When  the  attention  of  the  Seventieth  Congress  was  called  to  the 
national  scope  of  the  problem,  an  appropriation  was  made  and  au- 
thorization was  given  for  the  establishment  of  erosion-prevention 
and  moisture-conservation  stations  in  these  areas.  The  first  station 
established  under  this  authorization  was  at  Guthrie,  Okla.  This 
station  has  been  in  operation  since  July  1,  1929.  Other  stations  have 
been  established  at  Temple,  Tex. ;  Statesville,  N.  C. ;  Hays,  Kans. ; 
Tyler,  Tex.;  Bethany,  Mo.;  Pullman,  Wash.;  and  Clarinda,  Iowa. 
A  program  of  research  is  being  carried  out  by  the  Bureau  of  Chem- 
istry and  Soils,  in  cooperation  with  the  Forest  Service  and  the  Bu- 
reau of  Agricultural  Engineering,  which  anticipates  the  establish- 
ment of  other  stations  as  rapidly  as  sites  and  funds  are  made 
available. 

Previous  studies  of  erosion  have  been  made  by  this  bureau.  In 
a  bulletin  published  in  1911,  McGee  {13)  described  the  damage 
caused  by  soil  erosion  and  discussed  means  of  control.  In  1913  a 
paper  by  Davis  {5)  called  attention  to  the  economic  waste  of  soil 
erosion.  In  1915  Davis  {G)  made  a  survey  showing  the  effects  of 
erosion  in  the  Southern  States.  A  circular  by  Bennett  and  Chapline 
(i),  published  in  1928,  served  to  focus  attention  on  the  problem,  and, 
together  with  the  work  of  the  various  erosion  experiment  stations 
noted  aboA'e,  stimulated  interest  in  a  more  intensive  study  of  erosion. 
In  1930,  Middleton  {17)  published  the  results  of  a  study  on  certain 
erosive  and  nonerosive  soils  and  in  this  connection  developed  a  meas- 
ure of  erosivity  which  at  least  has  excellent  qualitative  significance. 
In  1931  there  appeared  a  bulletin  by  Slater  and  Byers  {26)  in  which 
a  study  was  made  of  the  composition  of  soils  with  respect  to  their 
percolation  rate. 

In  connection  with  the  establishment  of  erosion  stations,  this  bureau 
plans  to  do  extensive  laboratory  work  on  the  soils,  run-off.  and  eroded 
material.  This  publication  is  a  report  of  the  studies  so  far  made  of 
the  soils  on  which  erosion  stations  have  been  established. 

OUTLINE  OF  INVESTIGATION 

This  bulletin  includes  the  chemical  and  physical  determinations 
which  have  been  made  on  the  soils  of  the  erosion  experiment  stations 
established  by  tliis  bui'eau  and  shows  certain  correlations  between 
laboratory  data  and  the  available  plot  data.  Large  profile  samples 
wei'e  obtained  from  each  station  which  are  reiDresontative  of  the  soil 
on  which  the  experimental  plots  are  laid  out.  A  small  subsample 
of  each  of  the.se  was  taken  for  tlie  present  study,  and  the  remainder 
placed  in  storage  so  that  at  any  future  time  a  sample  of  the  original 
material  will  be  available.  These  subsamples  were  subjected  to  com- 
plete chemical  and  physical  examination,  including  extraction  and 
chemical  analysis  of  the  colloid. 
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At  each  station,  plot  samples  were  obtained  in  addition  to  the 
profile  samples  mentioned.  These  samples  represent  each  horizon 
or  layer  of  each  plot.  A  standardized  method  of  sampling  was  used 
which  makes  each  sample  a  composite  for  the  horizon  it  represents. 
The  samples  were  subjected  to  physical  examination  only. 

EXPERIMENTAL  METHODS 

The  mechanical  analyses  were  made  by  the  method  outlined  by 
Olmstead  and  others  (18).  The  colloid  by  water-vapor  adsorption 
was  determined  by  the  method  of  Robinson  (^i).  The  moisture 
equivalent  was  determined  by  the  method  of  Briggs  and  McLane 
(2).  The  suspension  percentage  and  the  disj)ersion  and  erosion  ratios 
were  determined  by  the  methods  outlined  by  Middleton  (17).  Per- 
colation ratios  were  computed  by  the  formula  of  Slater  and  Byers 
(26).  Colloids  were  extracted  by  the  methods  outlined  by  Holmes 
and  Edgington  (10).  Chemical  analyses  of  the  soils  and  colloids  fol- 
lowed the  procedure  of  Robinson  (23).  The  pH  determinations  were 
made  electrometrically,  by  means  of  the  hydrogen  electrode. 

DESCRIPTION  OF  SOIL  SAMPLES 

The  soils  from  the  first  eight  severely  eroded  districts  in  which 
erosion  stations  have  been  established  are  representative  of  widely 
separated  areas  and  great  variation  in  climatic  conditions.  They  are 
however,  all  located  in  regions  of  agricultural  importance.  The 
following  descriptions  include  a  general  description  of  each  soil 
series,  taken  from  the  files  of  the  division  of  soil  survey  of  this 
bureau,  together  with  specific  descriptions  of  the  several  samples  of 
the  types  obtained  from  the  erosion  stations. 

HOUSTON  SERIES 

The  Houston  series  is  developed  in  the  calcareous  prairie  regions 
of  Alabama,  Mississippi,  and  Texas.  The  soils  are  derived  from  the 
weathering  of  calcareous  clays,  chalk  beds  (Selma  chalk),  and  soft 
liiaestones.  The  surface  ranges  from  almost  level  to  undulating  or 
gently  rolling.  Natural  surface  drainage  is  good,  but  internal  drain- 
age is  retarded  by  the  heavy  character  of  the  upper  subsoil.  The 
soils  are  characterized  by  the  high  content  of  lime  in  the  subsoils  and 
by  the  presence  of  calcareous  material  in  most  places  within  a  depth 
of  3  feet. 

In  Alabama  and  Mississippi,  soils  of  the  Houston  series  have 
grayish-brown,  rust-brown,  or  almost  black  heavy  clay  surface  soils 
to  a  depth  of  about  6  or  8  inches.  The  subsoils  to  a  depth  ranging 
from  18  to  24  inches  are  brownish-yellow  or  drab  heavy  plastic  clay 
which  grades  into  greenish-yellow  plastic  clay,  streaked  or  mottled 
with  whitish  soft  lime  nodules.  Anywhere  between  a  depth  of  30  and 
40  inches  a  white  or  light-yellow  soft  limestone  or  Selma  chalk  is 
present.  The  surface  soil  and  upper  subsoil  are  heavy  plastic  clays 
when  wet,  but  they  crack  and  become  hard  on  drying.  In  cultivated 
fields  the  surface  2  or  3  inches  crumbles  down  to  a  fine-granular 
structure.  The  Houston  soils  are  adapted  to  the  production  of  al- 
falfa, Melilotus,  and  other  forage  crops,  including  Johnson  grass 
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and  Bermuda  grass.  Cotton,  formerly  grown  on  these  soils  in 
Alabama  and  Mississippi,  has  been  discontinued  largely  on  account 
of  the  boll  weevil.     Corn  does  fairly  well. 

The  Houston  series  in  the  Texas  area  differs  from  that  in  the 
Alabama-Mississippi  area  in  that  the  soils  are  derived  from  Austin 
chalk  and  Taylor  marl  rather  than  from  Selma  chalk.  The  resultant 
differences  in  the  soils  derived  from  these  formations,  however,  are 
so  slight  that  the  description  of  the  soil  survey  for  the  Alabama- 
Mississippi  area  may  be  taken  as  descriptive  of  the  Texas  area  as 
M'ell.  The  Houston  are  regarded  as  among  the  most  productive  soils 
in  the  Texas  area.  The  samples  of  Houston  black  clay  used  in  this 
investigation  were  collected  by  G.  W.  Musgrave  in  January,  1930,  at 
the  erosion  station  2  miles  south  of  Temple,  Tex.  These  samples 
contain  more  lime  in  the  surface  soil  than  is  implied  in  the  series 
description.     The  samples  were  described  as  follows : 

(1)  From  0  to  3  inches,  black  clay  which  is  very  plastic  and  sticky 
when  wet  but  crumbles  readily  and  is  easily  tilled  when  dry;  (2) 
from  14  to  20  inches,  grayish-black  clay;  (3)  from  24  to  36  inches, 
gray  clay;  and  (4)  from  36  to  50  inches,  yellowish-gray  clay.  The 
lighter-colored  lower  layers  are  more  readily  tilled  when  Avet.  The 
soil  profile  when  saturated  readily  seals  itself  to  penetration  of  sur- 
face waters. 

KIRVIN  SERIES 

The  Kirvin  series  is  developed  in  the  coastal-plain  region,  and  the 
soils  occur  in  close  association  with  the  Susquehanna  soils.  Thej' 
differ  from  the  Susquehanna  in  having  reddish-brown  or  brown  sur- 
face soils,  a  red  upper  subsoil,  and  a  red  or  light-red,  mottled  with 
yellow,  lower  subsoil.  The  subsoils  are  stiff,  rather  compact  but 
brittle  clays  as  contrasted  to  the  plastic,  sticky  subsoils  of  the  Susque- 
hanna. These  soils  are  derived  from  beds  of  heavy  clays  or  heavy 
sandy  clays.  Scattered  over  the  surface  in  many  places  are  large 
quantities  of  reddish-brown  iron  concretions  or  fragments.  These 
soils  occupy  ridges,  hillocks,  and  slopes,  and  they  are  naturally  well 
drained.  The  Kirvin  soils  are  somewhat  more  productive  than  the 
Susquehanna  and  are  used  mainly  for  growing  cotton,  corn,  and 
forage  crops. 

The  samples  of  Kirvin  fine  sandy  loam  were  collected  in  July, 
1930,  by  B.  H.  Hendrickson  at  the  erosion  station  9  miles  northwest 
of  Tyler,  Tex.  This  area  is  strongly  marked  by  deep  gull}^  erosion. 
The  samples  were  described  by  Mr.  Hendrickson  as  follows : 

(1)  From  0  to  12  inches,  grayish-red  loamy  fine  sand,  including 
a  thin  organic  surface  layer;  (2)  from  12  to  24  inches,  brick-red 
clay;  (3)  from  24  to  51  inches,  brick-red  clay  mottled  with  gray; 
(4)  from  51  to  63  inches,  brick-red  and  light  bluish-gray  mottled 
very  fine  sandy  clay  with  a  seam  of  dark  iron  sandstone  at  a  depth 
of  63  inches;  and  (5)  from  63  to  75  inches,  mainly  yellow  com- 
pacted fine  sand. 

VERNON  SERIES 

The  soils  of  (lie  Venion  series  are  Indian  red  or  rcddisli  brown. 
The  upper  subsoil  is  essentially  like  the  surface  soil  of  the  Indian-red 
members,  the  color  persisting  to  a  depth  ranging  from  18  to  30 
inches.     The  lower  subsoil  is  yellowish  red  or  Indian   led  and  is 
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highly  calcareous.  The  subsoil,  except  in  the  heaviest  members,  is 
somewhat  heavier  than  the  surface  soil,  but  there  has  not  been  much 
translocation  of  clay  into  the  subsoil  and  no  formation  of  a  definite 
clay  pan.  The  soils  are  developed  from  the  "  lied  Beds  "  of  the 
Western  States.  In  places  where  the  soil,  through  erosion,  consists 
essentially  of  the  disintegrated  parent  rock,  the  calcareous  subsoil 
may  not  have  been  developed. 

The  samples  of  Vernon  fine  sandy  loam  were  collected  by  S.  W. 
Phillips  in  June,  1930,  at  the  erosion  station  located  4  miles  south 
of  Guthrie,  Okla.  The  area  is  marked  by  severe  gully  erosion.  The 
samples  do  not  show  the  zone  of  lime  accumulation  which  is  men- 
tioned in  the  series  description.  They  are  described  by  Mr.  Phillips 
as  follows : 

(1)  From  0  to  3  inches,  dark-brown  fine  sandy  loam  containing 
some  organic  matter;  (2)  from  3  to  10  inches,  red  fine  sandy  loam; 

(3)  from  10  to  27  inches,  compact  red  slightly  sticky  sandy  clay; 

(4)  from  27  to  58  inches,  gritty  heavy  tough  clay,  with  sandy  clay 
in  streaks  or  la3'^ers,  showing  some  evidence  of  the  alternating  shales 
and  sandstone  which  comprise  the  parent  rock.  The  predominant 
color  is  red,  with  some  gray  and  pale-yellow  layers  of  friable  clay 
at  a  depth  of  about  50  inches.  Some  fragments  of  soft  sandstone 
and  shale  are  present  in  this  layer.    , 

SHELBY  SERIES 

The  Shelby  soils  are  dark-brown  or  almost  black  in  their  surface 
soils,  and  most  of  them  are  shallow.  The  subsoils  are  composed  of 
yellow,  reddish-brown,  or  brown  sticky  sandy  clay,  much  of  which 
contains  coarse  sand  and  gravel.  Lime  concretions  and  streal?:s  of 
calcareous  material  occur  in  many  places  in  the  lower  subsoil.  As 
a  rule,  the  subsoil  becomes  more  clayey  and  compact  and  the  per- 
centage of  clay  increases  with  depth.  The  Shelby  soils  are  derived 
from  the  sanely  Kansan  drift.  The  topography  in  most  places  is 
gently  rolling  to  sharply  rolling,  as  the  soils  occur  on  slopes  where 
the  sandy  drift  is  exposed.  Soils  of  this  series  differ  from  the 
Lindley  soils  only  in  the  darker  color  of  the  surface  soil. 

The  samples  of  Shelby  silt  loam  were  collected  by  R.  E.  Uhland 
in  August,  1930,  at  the  erosion  station  6  miles  west  of  Bethany,  Mo. 
This  area  is  subject  to  both  sheet  and  gully  erosion.  There  is  but 
little  waste  land  in  the  area  as  yet,  although  damage  is  serious  and 
promises  to  become  more  serious  with  further  cultivation.  The 
samples  were  described  by  Mr.  Uhland  as  follows : 

(1)  From  0  to  7  inches,  a  very  dark  brown  surface  soil;  (2)  from 
8  to  12  inches,  a  clrab-brown  subsurface  soil,  containing  some  mot- 
tling; (3)  from  12  to  20  inches,  yellowish-brown  heavy  very  sticky 
plastic  clay;  (4)  from  20  to  24  inches,  lighter-brown  material  than 
in  layer  3,  much  less  plastic,  with  a  few  small  lime  concretions  (a 
transitional  zone)  ;  (5)  from  24  to  48  inches,  a  chalky  layer  con- 
taining many  lime  concretions  (some  of  which,  occurring  at  a  depth 
of  about  4  feet,  are  extremely  large),  many  gravel  of  different  sizes, 
and  an  occasional  sand  pocket;  and  (6)  from  60  to  84  inches,  rust- 
brown  joint  clay  which  breaks  readily  into  cubes  ranging  from  1  to 
11/^  inches  in  diameter.  The  material  caves  very  badly.  Very  few 
lime  concretions  occur  at  this  depth. 


6  TECHNICAL  BULLETIN"    316,  U,   S.   DEPT.   OF  AGPJCULTUEE 

COLBY  SERIES 

The  surface  soils  of  the  Colbj^  series  are  dark  gray  or  dark  brown- 
ish gray.  The  upper  subsoil  is  of  similar  or  slightly  lighter  color,  of 
heavier  texture,  of  compact  structure,  and  ranges  from  2  to  8  inches 
in  thickness.  The  deeper  subsoil  is  a  light-brown  or  yellowish-brown 
silt  loam  of  mealy  consistence  and  friable  character.  The  members 
of  this  series  are  composed  of  loessial  deposits  which  have  been  in 
their  present  position  for  a  comparatively  long  period.  The  sur- 
face portion,  comprising  the  surface  soil  and  upper  subsoil  material, 
has  been  considerabl}^  weathered.  The  topography  ranges  from 
nearlj^  level  to  sharply  rolling.  These  soils  are  well  drained  and  are 
adapted  to  general  farm  crops  under  favorable  climatic  conditions. 

The  samples  of  Colbj^  silty  clay  loam  from  the  erosion  station 
on  the  Fort  Hayes  Branch  Station,  State  Agricultural  Experiment 
Station,  located  1  mile  south  of  Hays,  Kans.,  were  collected  by  R.  H. 
Davis  in  July,  1930.  This  soil  is  a  true  chernozem.  Erosion  is  gen- 
erally of  the  sheet  type.  The  low  rainfall  of  the  area  makes  this 
station  important  not  only  from  the  standpoint  of  erosion  but  also 
from  that  of  moisture  conservation.  The  samples  w^ere  described  by 
Mr.  Davis  as  follows : 

(1)  From  0  to  10  inches,  brown  or  dark  grayish-brown  heavy  silt 
loam  or  silty  clay  loam.  The.  material  of  this  horizon,  especially 
at  the  lower  depth,  is  mixed  or  splotched  with  more  yellowash-brown 
material  which  has  been  brought  up  from  below,  probably  by  deep 
tillage.  It  is  of  fine-granular  structure.  Although  only  a  few  lime 
concretions  are  in  evidence,  the  soil  will  effervesce  freely  with  hydro- 
chloric acid.  According  to  the  soil  and  erosion  survey,  from  3  to  6 
inches  of  the  original  surface  soil  of  this  particular  soil  has  been 
lost  by  erosion  since  the  area  has  been  in  cultivation.  (2)  From  10 
to  20  inches,  light-brown  or  yellowish-brown  silty  clay  loam  of 
granular  structure,  the  granules  being  larger  than  in  the  layer  above. 
The  insides  of  the  granules  are  lighter  in  color  than  the  outsides. 
Lime  concretions  occur  in  this  layer.  There  are,  however,  wide  local 
variations  in  the  depth  at  which  the  lime  accumulations  occur,  and 
wdthin  a  few  feet  the  depth  may-  vary  from  15  to  30  inches.  The 
layers  or  veins  of  lime  may  be  either  on  a  horizontal,  an  inclined,  or, 
in  a  few  places,  on  a  vertical  plane.  (3)  From  20  to  33  inches, 
yellowish-brown  silty  clay  loam  containing  a  large  number  of  lime 
concretions.  The  material  tends  to  approach  a  columnar  structure, 
and  blocks  break  and  crush  easily.  (-4)  From  33  to  47  inches, 
brownish-yellow  or  buff-colored  silty  clay  loam  which  is  high  in  lime 
and  similar  in  structure  to  the  horizon  above.  (5)  From  47  to  GO 
inches,  material  of  similar  color  and  structure  as  the  above  layer, 
but  parts  or  splotches  of  this  layer  appear  to  be  of  finer  texture. 
Lime  concretions  are  less  al)nndant.  ((*>)  From  GO  to  72  inches,  buff- 
colored  material  which  is  of  slightly  coarser  texture  than  the  layer 
above,  being  of  a  rather  silty  character.  Some  fine  sand  is  found  in 
many  places  at  this  depth.  Lime  is  present  but  not  in  abundance 
as  in  the  above  horizon. 

CECIL  SERIES 

The  Cecil  series  is  the  most  widely  distributed  and  the  most  ex- 
tensive series  of  soils  in  the  southern  piedmont  plateau.     The  soils 
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of  this  series  are  derived  from  o;ranites,  gneisses,  and  locally  from 
schist.  They  occupy  almost  level  to  smooth  and  undulating  broad 
interstream  areas  and  gently  rolling  to  rolling  hilly  and  steep  areas 
bordering  the  larger  stream  valleys.  Excellent  natural  drainage 
exists  everywhere,  and  it  is  even  excessive  on  the  slopes  and  hillsides, 
thus  causing  destructive  washing  and  erosion.  Two  kinds  of  surface 
soils  are  found  in  soils  of  the  Cecil  series — soils  which  have  a  normally 
developed  profile  and  include  the  sandy  loams  and  loams  and  soils 
which  have  a  mutilated  profile,  that  is,  one  from  which  the  original 
surface  material  has  been  removed,  thus  giving  a  B-C  soil.  The 
red  members  of  this  series  belong  to  the  latter  class.  A  profile  de- 
scription of  Cecil  sandy  loam  in  a  virgin  area  is  as  follows : 

Ai,  0  to  2  inches,  dark-gray  or  brown  sandy  loam  carrying  a  notice- 
able amount  of  organic  matter.  A,,  2  to  8  inches,  pale-yellow  or 
brownish-yellow  light  sandy  loam,  containing  practically  no  organic 
matter  and  leached  of  soluble  minerals.  Ac,  8  to  11  inches,  reddish- 
yellow  or  yellowish-red  heavy  sandy  loam  grading  into  friable  sandy 
clay.  This  is  the  gradational  layer  between  the  light-textured  and 
light-colored  sandy  material  and  the  typical  red  clay  of  the  B  hori- 
zon. Bi,  11  to  42  inches,  bright-red  or  deep-red,  still'  but  brittle  clay, 
which  is  sticky  and  slick  when  wet  and  hard  when  dry.  The  clay 
breaks  into  irregular-shaped  lumps  having  no  definite  breakage  or 
cleavage  lines,  but  along  the  breakage  lines  the  surfaces  are  slick. 
The  large  lumps  can  be  crushed  into  smaller  lumps  and  soil  ag- 
gregates and  finally  into  a  granular  angular  mass.  The  color  is 
uniform,  but  a  cut  surface  is  yellowish  red.  Bo,  42  to  60  inches, 
light-red  friable  and  crumbly  clay,  which  is  slightlv  mottled  with 
yellow^  in  the  lower  part.  It  contains  more  mica  ancl  is  much  more 
friable  than  the  clay  of  the  Bi  horizon.  C,  60+  inches,  mottled 
light-red,  yellow,  and  gray  soft  disintegrated  rock,  the  parent  ma- 
terial, which  varies  greatly  in  color  from  place  to  place,  as  it  may 
be  light  red  and  yellow  in  one  place  and  light  gray,  whitish,  and 
yellowish  only  a  few  feet  distant. 

The  B  horizon  varies  greatly  in  thickness  and  in  many  places  ex- 
tends to  a  depth  of  several  feet,  particularly  in  some  of  the  clay 
loam  areas.  A  few"  mica  scales  are  noticeable  throughout  the  profile 
but  are  more  abundant  immediately  below  the  parent  material,  and 
sharp  angular  quartz  .sand  and  veins  of  quartz  rock  are  characteristic 
of  the  subsoil. 

The  samples  of  Cecil  sandy  clay  loam  from  the  erosion  station 
located  10  miles  west  of  Statesville,  N.  C,  w^ere  collected  in  October, 
1930,  by  J.  W.  Snyder,  This  is  the  only  erosion  station  located  on 
a  lateritic  soil.  Such  soils  are  not  usually  erosive,  but  the  sandy 
character  of  the  surface  soil  makes  it  erode  readily  when  not  pro- 
tected by  a  vegetative  cover.  The  area  has  suffered  because  of  the 
prevailing  type  of  agriculture  wdiich  is  chiefly  the  growing  of  corn 
and  cotton.     The  samj^les  are  described  by  INIr.  Snyder  as  follows : 

(1)  From  0  to  6  inches,  the  A  horizon  of  light-brown  sandy  loam 
containing  very  little  organic  matter  but  more  than  either  horizons 
Bi  or  B^,  The  surface  soil  in  most  places  is  friable  and  very  easily 
worked  unless  it  is  eroded  so  that  only  a  few  inches  of  surface  soil 
remain.  (2)  From  6  to  32  inches,  the  Bi  horizon  of  red  clay  loam 
which  is  very  uniform  and  compact.     (3)  From  32  to  60  inches,  the 
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B„  horizon  of  red  clay  loam  -with  brown  mottlings.     This  material  is 
very  compact  when  exposed  and  has  a  tendency  to  crack. 

PALOUSE   SERIES 

The  surface  soils  of  the  Palouse  series  are  dark,  dull  brown,  or 
black,  the  brown  tint  being  most  pronounced  under  dry  field  condi- 
tions when  the  soil  is  viewed  from  certain  angles.  When  wet,  the 
surface  soils  are  nearly  black.  The  organic-matter  content  is  high. 
The  upper  subsoils  are  brown  or  light  brown  and  are  of  similar  or 
lieavier  texture  and  more  compact  structure  than  the  surface  soils. 
The  upper  subsoil  rests  on  a  deeper  subsoil  of  yellowish-brown  color 
and  of  silty  or  silty  clay  texture,  which  is  underlain  by  a  tawny- 
vellow  substratum  of  unstratified,  homogeneous,  loessial  or  wind- 
Lorne  deposits.  The  parent  material  is  derived  from  an  undeter- 
mined wide  range  of  rocks,  and  the  soils  are  noncalcareous  except 
in  the  deeper  substratum.  The  topography  is  rolling  or  undulating, 
and  the  area  covered  is  treeless.    Drainage  is  well  developed. 

The  samples  of  Palouse  silt  loam  from  the  erosion  station  located 
3  miles  northwest  of  Pullman,  Wash.,  were  collected  by  W.  A. 
Rockie  in  June,  1931.  This  area  is  characterized  by  steep  slopes  and 
light  rainfall.  Erosion  is  of  the  sheet  type.  The  samples  arc 
described  as  follows: 

(1)  From  0  to  20  inches,  dark-brown  silt  loam  or  silty  clay  loam 
containing  much  organic  matter;  (2)  from  20  to  30  inches,  yellowish- 
brown  or  brown  silty  clay;  (3)  from  33  to  62  inches,  yellowish-brown 
or  brown  silty  clay;  (4)  from  62  to  75  inches,  yellowish-brown  or 
brown  silty  clay  loam;  and  (5)  from  75  to  8-4  inches,  yellowish-brown 
or  brown  silt  loam  or  silty  clay  loam. 

MAESHALL  SERIES 

The  surface  soils  of  the  Marshall  series  are  dark  brown  or  black, 
and  the  subsoils  are  light  brown  or  3^elloAV.  The  texture  of  the  sub- 
soil is  silty  and  little,  if  any,  heavier  than  the  surface  soil.  The 
structure  is  loose  and  friable.  Both  surface  soil  and  subsoil  are 
calcareous,  the  subsoil  eit'ervescing  with  acid.  The  topography 
ranges  from  gently  to  sharply  rolling.  The  Marshall  soils  are  de- 
rived from  loess  in  which  weathering  has  not  reached  an  advanced 
stage,  maiidy  from  the  newer  loess  along  Missouri  River.  Corn  is 
the  principal  crop,  with  grasses  and  alfalfa  ranking  next  in 
importance. 

The  samples  of  Marshall  silt  loam  were  collected  by  G.  W.  Mus- 
grave  at  the  erosion  station  located  9  miles  west  of  Clarinda,  Iowa, 
in  August,  1931.  This  area  is  marked  by  both  sheet  and  gully  ero- 
sion. The  samples  dider  from  the  series  des  ription  in  that  they 
contain  no  calcium  carbonate.  They  are  described  by  Mr.  Musgrave 
as  follows : 

(1)  P^rom  0  to  13  inches,  dark-bi-owu  silt  loam  which  becomes 
plastic  and  cohesive  when  wet  but  has  good  iritural  drainaLn\  and 
when  dry  is  readily  tilled;  (2)  from  13  to  24  inclies,  light-brown 
silt  loam;  (3)  from  24  to  45  inches,  material  showing  occnsional 
gniins  of  sand  and  slight  evidence  of  drift:  and  (4)  from  45  to  71 
inches,  rather  gritty  yellow  silt  loam  (glacial  drift). 
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COMPOSITION  AND  PROPERTIES  OF  THE  PROFILE  SAMPLES 

PHYSICAL   PROPERTIES 

The  mechanical  analyses  and  other  physical  data,  including  also 
the  hydrogen-ion  concentration,  of  the  samples  described,  are  pre- 
sented in  Table  1. 

The  mechanical  analyses  are  of  value  in  determining  the  texture 
of  the  soils.  Since  the  pipette  method  was  employed  in  making  the 
determinations,  the  textural  classification  does  not  correspond  to 
that  given  in  Circular  419  (7).  The  terminology  employed  is  that 
used  for  these  soils  by  the  soil  survey.  The  mechanical  analyses 
also  show  the  colloid  content  as  defined  by  the  maximum  size  limit 
of  0.002  mm  and  the  approximate  organic  content  recorded  as  solu- 
tion loss  by  treatment  with  hydrogen  peroxide.  The  percentages 
given  are  on  the  basis  of  the  oven-dry  sample. 

The  mechanical  analyses  reveal  that  two  distinct  groups  are  repre- 
sented by  the  soils  of  the  eight  erosion  stations — those  in  which  the 
texture  is  variable  within  the  profile  and  those  with  uniform  texture 
throughout.  To  the  former  group  belong  Kirvin  fine  sandy  loam, 
Vernon  fine  sandy  loam,  and  Cecil  sandy  clay  loam.  These  soil  pro- 
files are  separated  on  the  basis  of  horizons,  and  the  Kirvin  profile 
presents  the  A  horizon  (0  to  12  inches),  the  Bi  (12  to  24  inches), the 
B.  (24  to  51  inches),  the  B3  (51  to  63  inches),  and  the  d  (63  to  75 
inches).  The  Vernon  profile  is  divided  into  the  Ai  (0  to  3  inches) 
and  the  Ao  (3  to  10  inches)  horizons,  the  B  horizon  (10  to  27  inches), 
and  the  C  horizon  (27  to  58  inches).  The  Cecil  profile  presents  the 
A  (0  to  6  inches) ,  the  Bi  (6  to  32  inches) ,  and  the  B,  (32  to  60  inches) 
horizons.  The  C  horizon  is  not  represented.  These  terms  will  be 
used  in  referring  to  the  various  samples. 

The  A  horizon  of  the  Kirvin  soil  and  the  Ai  of  the  Vernon  are 
almost  identical  in  texture.  The  Bi  and  Bo  horizons  of  the  Kirvin 
and  the  Bi  and  Bo  of  the  Cecil  are  very  similar.  The  B3  horizon  of 
the  Kirvin  becomes  lighter  in  texture  and  the  C  horizon  is  somewhat 
similar  to  the  A  horizon.  The  C  horizon  of  the  Vernon  soil  con- 
sists of  the  disintegrated  soil  material,  together  with  considerable 
clay,  and  is  exceptionally  high  in  silt,  clay,  and  colloid,  and  very 
dissimilar  to  the  Ai  horizon.  It  may  also  be  noted  that  the  B  hori- 
zon of  the  Vernon  is  strikingl}'-  different  from  the  corresponding 
horizons  of  the  Kirvin  and  Cecil  soils.  Corresponding  similarities 
and  differences  in  erosional  characteristics  of  these  soils  may  there- 
fore be  expected.  Soils  of  this  group  are  characterized  by  sandy 
surface  soils  over  light  or  heavy  clay.  They  show  evidences  of  more 
weathering  and  leaching  than  do  the  soils  of  the  other  group,  but  these 
evidences  are  much  less  marked  in  the  Vernon  than  in  the  Cecil  and 
Kirvin  soils.  The  last  two  are  to  be  considered  as  mature  soils. 
Indeed  in  some  respects,  shown  by  other  data,  the  Cecil  may  be  con- 
sidered as  past  maturity  and  approaching  senility. 

116127°— 32 2 
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The  second  group  comprises  Houston  black  clay,  Colby  silty  clay 
loam,  Palouse  silt  loam,  and  Marshall  silt  loam.  These  soils  are 
characterized  by  a  very  striking  uniformity  of  texture  throughout 
their  profiles.  Shelby  silt  loam  is  also  included  in  the  group,  though 
its  profile  is  not  quite  so  uniform  as  those  of  the  other  soils.  These 
soils  all  belong  to  the  prairie  and  chernozem  groups  and  show  no 
true  horizonal  characteristics.  The  various  depth  limits  of  the  parts 
of  each  profile  are  given  in  the  table  and  will  be  referred  to  as  strata, 
or  layers. 

The  Colby  profile  is  unusually  uniform  in  texture,  there  being 
less  than  4  per  cent  variation  in  the  clay  content  of  the  various 
strata.  This  textural  uniformity  is  the  more  striking  when  we 
consider  the  variations  in  organic  matter  and  carbonate  content 
in  the  different  layers,  as  shown  in  Table  2. 

Houston  black  clay  is  also  almost  uniform  in  texture  in  the  upper 
three  layers,  but  in  the  fourth  there  is  a  decrease  in  both  clay  and 
colloid.  This  soil  contains  the  highest  clay  content  of  the  series 
under  consideration  and  shows  the  widest  divergence  between  clay 
and  colloid — a  difference  ranging  between  15  and  18  per  cent  in  the 
different  layers.  Whether  this  difference  is  due  to  the  existence  in 
the  soil  of  a  large  proportion  of  noncolloidal  clay  or  to  the  cement- 
ing effect  of  the  colloidal  calcium  carbonate  does  not  appear  from 
the  evidence.  That  the  latter  is  the  case  seems  probable  from  the 
fact  that  hydrogen  peroxide  treatment  of  the  soil  is  ineffective  in 
removing  organic  matter  but  becomes  efl'ective  when  the  carbonates 
are  removed.  In  either  case  the  relatively  large  particles  of  clay 
may  be  expected  to  influence  the  erosional  character  of  the  soil. 
This  soil,  as  shown  in  data  given  in  Table  2,  is  remarkably  high 
in  carbonate  content  throughout  the  profile,  and  the  data  in  Table  3 
show  a  very  considerable  fraction  of  the  carbonate  to  be  in  colloidal 
form. 

The  ]\Iarshall  profile  offers  about  the  same  textural  variation  in 
the  first  three  layers  as  does  the  Houston  profile.  The  fourth  layer, 
which  consists  largely  of  glacial-drift  material,  differs  sharply  in 
many  particulars  from  the  upper  layers  which  are  of  loessial  origin. 
This  textural  difference  in  the  deeper  strata  has  its  bearing  on  the 
erosional  characteristics  of  the  soil,  as  shown  both  by  laboratory 
data  and  field  behavior. 

The  Palouse  profile,  though  reasonably  uniform,  shows  a  closer 
similarity  between  the  first  and  fifth  strata  than  these  show  to  the 
other  la3'ers.  Tlie  cliief  difference  between  the  first  and  fifth  layers 
is  in  the  solution  loss,  that  is,  in  the  organic  content.  The  difference 
between  the  upper  layer  and  those  beneath  it  seems  to  be  due  to 
eluviation  and  not  to  differences  in  the  character  of  the  colloid 
content,  as  will  be  pointed  out  in  ronnection  with  the  discussion  of 
the  composition  of  the  colloids.  The  textural  differences  shown  are 
such  as  not  to  indicate  marked  erosional  differences  at  different 
levels  in  this  soil. 

The  Shelby  profile  shows  sufficient  differences  between  the  first 
and  second  layers  to  place  it  in  the  group  of  soils  with  divergent 
profile  characteristics,  but  the  remainder  of  the  soil  layers  proper  are 
very  similar.     When  the  lower  layers  are  reached,  these,  except  the 
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sand  pocket  represented  by  sample  No.  G802A,  are  again  similai 
in  texture.  The  wide  textural  differences  between  Shelby  silt  loam 
and  Marshall  silt  loam  are  to  be  ascribed  to  the  difi'erences  in  soil 
material  noted  in  the  soil  descriptions.  The  influence  of  the  drift 
material  appears  in  the  lowest  layer  of  the  Marshall  soil,  and  in  this 
layer  the  similarity  of  the  two  profiles  appears.  These  textural 
variations  may  be  expected  to  find  reflection  in  erosional  character- 
istics, particularly  when  the  lower  levels  are  reached. 

In  a  previous  bulletin  Middleton  {17)  has  called  attention,  through 
a  study  of  soils  of  known  qualitative  erosional  character,  to  certain 
relations  of  the  physical  characteristics  of  soils  which  are  indicative 
of  erosional  behavior.  The  soils  of  the  erosion  experiment  stations 
have  been  subjected  to  the  same  determinations,  and  from  the  data 
the  relationships  in  question  have  been  calculated.  These  data  and 
ratios  have  been  included  in  Table  1  with  the  mechanical  analyses. 

The  colloid  by  water-vapor  adsorption  {21)  is  determined  because, 
although  in  general  it  gives  numerical  values  not  greatly  different 
from  those  obtained  by  mechanical  analysis,  it  affords  a  direct  meas- 
ure of  the  relation  of  the  soil  to  the  humidity  of  the  air.  It  is,  in  this 
respect,  independent  of  the  accuracy  with  which  the  colloid  is  deter- 
mined and  of  size  definition.  The  values  obtained  are  dependent  on 
the  character  of  the  colloid,  at  least  to  some  extent,  and,  except  for  the 
precedent  established  in  the  previous  bulletin,  it  would  perhaps  be  as 
well  to  use  the  value  of  water-vapor  adsorption  directly  determined 
without  conversion  by  an  arbitrary  factor  to  presumed  colloid  content. 

The  moisture  equivalent  {2)  is  dependent  on  the  sand,  silt,  and 
noncolloidal  clay,  as  well  as  on  the  colloid  content.  It  measures  the 
tenacity  with  which  moisture  is  held  by  soil  and,  by  implication,  the 
avidity  with  which  it  is  adsorbed  when  opportunity  offers. 

The  suspension  percentage  used  in  determining  the  dispersion 
ratio  ^  is  a  measure  of  the  behavior  of  soil  wdth  quantities  of  water 
in  excess  of  the  adsorbent  power  of  the  soil.  It  is  measured  arbi- 
trarily by  determining  the  fraction  of  the  soil  which  remains  sus- 
pended for  a  specified  time  when  dispersed  under  specific  conditions. 
The  method,  as  described  (77,  p.  2-3) ,  is  as  follows : 

A  sample  of  air-dry  soil  equivalent  to  10  grams  of  oven-dry  soil  was  placed 
in  a  tall  cylinder  of  approximately  1,200  cubic  centimeter  capacity  fitted  with 
a  rubber  stopper.  Sufficient  distilled  water  was  added  to  make  the  volume  a 
liter.  The  cylinder  was  closed  with  the  stopper  and  was  shaken  end  over  end 
20  times.  The  suspension  was'  then  allowed  to  settle  until  a  25  cubic  centimeter 
sample  which  was  pipetted  at  a  depth  of  30  centimeters  consisted  of  particles 
of  a  maximum  diameter  of  0.05  millimeter.  *  *  *  From  the  dry  weight  of 
the  pipetted  fraction,  the  total  weight  of  silt  and  clay  in  the  suspension  was 
calculated. 

This  quantity  divided  by  the  weight  of  the  soil  multiplied  by  100 
is  the  suspension  percentage. 

This  empirically  determined  value  is  a  measure  of  the  ease  of  dis- 
persion and  of  the  rapidity  of  deposition  of  a  soil.  It  is  probable 
that  any  accurate  measure  of  this  relation  carried  out  under  specific 
conditions  would  give  like  relative  values.  This  relation  gives  a 
quantitative  expression  to  the  behavior  of  a  soil  in  the  presence  of 
water  in  excess  of  that  required  for  saturation. 

3  The  suspension  percentage  and  the  dispersion  ratio  are  similar  to  the  dispersion  factor 
of  Puri  and  Keen  {20)  and  the  dispersion  coefficient  of  Puri  (19),  respectively,  except  that 
they  talie  0.002  mm  as  the  point  ot  division  rather  than  0.05  mm  as  used  by  tlie  writers. 
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These  relations,  including  the  texture  measurements,  give  labora- 
tory measurements  for  all  the  soil  characteristics  which  are  believed 
to  be  involved  in  erosion,  except  structure.  No  quantitative,  or  even 
qualitative,  expression  involving  structural  effects  on  erosional  be- 
havior has  been  formulated.  It  is  certain,  however,  that  so  far  as  the 
structural  units  are  not  destroyed  by  the  process  of  determining  the 
suspension  percentage,  these  units  influence  the  value  so  determined. 

The  dispersion  ratio,  given  in  Table  1,  is  the  ratio,  expressed  in 
percentage,  of  the  suspension  percentage  to  the  percentage  of  the 
total  silt  and  clay  in  the  soil,  as  determined  by  mechanical  analysis. 
This  ratio  is  the  fraction  of  the  silt  and  clay  which  is  most  easily 
removed  by  water,  and  since  it  is  to  be  assumed  that  through  erosion 
the  lighter  particles,  the  silt  and  clay,  are  the  particles  most  exten- 
sively removed,  it  would  seem  to  follow  that  in  a  series  of  soils  in 
which  all  other  conditions  are  the  same,  the  values  of  this  ratio  would 
express  the  relative  erosivity  of  the  soils.  Such  conditions  do  not  in 
fact  occur. 

The  ratio  between  the  colloid  and  the  moisture  equivalent  is  a 
direct  comparison  of  these  values.  When  the  ratio  of  these  values 
is  low,  it  is  to  be  inferred  that  the  colloid  in  question  adsorbs  water 
more  readily  or  holds  it  more  firmly  than  when  the  ratio  has  a  higher 
value.  It  is,  therefore,  a  measure  of  tlie  degree  of  adsorption  of 
water  per  colloid  unit  and  indirectly  of  the  relative  effect  on  run-off 
produced  by  the  colloid. 

The  erosion  ratio  is  the  quotient  obtained  by  dividing  the  disper- 
sion ratio  by  the  colloid-moisture  equivalent  ratio.  The  dispersion 
ratio  is  independent  of  the  texture  of  the  soil,  but  it  is  dependent 
on  the  mobility  of  those  particles  most  easily  moved  by  water  move- 
ment in  the  soil.  The  colloid -moisture  equivalent  ratio,  on  the  other 
hand,  is  not  independent  of  the  texture  since  the  moisture  equivalent 
is  to  a  large  degree  dependent  on  the  space  dimensions,  which,  in 
turn,  are  determined  by  soil-particle  size.  In  the  previous  study  by 
Middleton  {17)  it  was  found  that  tliese  ratios  tend  to  vary  inversely 
and  that  when  their  relation  to  each  other  is  considered,  high  values 
are  shown  for  soils  known  to  be  readily  eroded,  and,  conversely, 
soils  not  readil}?^  eroded  give  low  values.  This  inverse  relation  ap- 
pears to  depend  on  the  facts  that  when  soils  disperse  readily,  the 
erosion  tendency  increases  and  that  any  condition  which  diminishes 
the  relative  run-off  likewise  diminishes  the  opportunity  for  move- 
ment of  material. 

The  erosion  ratio  has  so  far  only  qualitative  application  but  in 
that  connection  has  not  failed,  in  any  case,  to  qualitatively  differen- 
tiate erosive  from  nonerosive  soils.  To  what  degree  it  is  a  quantita- 
tive expression  can  only  be  learned  when  sufficient  data  from  field 
observations  have  been  accumulated. 

The  percolation  ratio  {26),  developed  in  an  attempt  to  find  a  labo- 
ratory method  for  determining  the  field  percolation  rates  of  soils,  is 
the  ratio  between  the  susj^ension  percentage  and  the  colloid-moisture 
equivalent  ratio.  It  is  held  to  be  of  (jualitativc  significance,  and 
present  data  indicate  that  it  is  applicable  only  in  the  comparison  of 
surface  soils.  That  it  indicates  permeability  seems  to  dej)end  on  the 
fact  that  in  tlie  more  easily  dispersed  soils  the  muddy  percolation 
waters  more  effectively  close  the  naturally  occurring  water  passage- 
ways with  silt  and  colloid.    The  effect  obviously  decreases  with  in- 
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creasing  depths  because  of  the  deposition  of  suspended  material,  as 
well  as  because  of  other  conditions  in  the  lower  horizon,  which  tend 
to  produce  a  less  porous  structure. 

When  soils  are  air-dry,  the  presence  in  them  of  air  may  be  ex- 
pected to  have  an  effect  on  their  water  relationships,  and  this  effect 
should  vary  not  only  with  the  size  of  the  interstitial  spaces  but  also 
with  the  character  of  the  successive  strata  through  which  gravita- 
tional water  seeks  to  pass.  That  such  effect  is  produced  has  been 
demonstrated  in  this  laboratory,  but  the  incomplete  data  obtained 
are  not  yet  ready  for  publication.  It  appears,  however,  that  all  per- 
colation data  obtained  by  the  use  of  open  tubes  are  afflicted  with  an 
error  of  undetermined  magnitude,  owing  to  the  fact  that  soils  in 
the  field  are  not  provided  with  free  flow  after  leaving  a  given  frac- 
tion of  the  profile.  Therefore,  although  it  is  obvious  that  the  per- 
colation rate  is  a  factor  which  affects  erosional  behavior,  it  is  not  at 
all  certain  that  the  properties  of  the  soil  which  influence  it  are  re- 
flected by  the  determined  data. 

The  pH  values  of  the  soils  of  the  erosion  stations  have  been  included 
with  the  physical  data.  The  laiown  effect  of  moderate  alkalinity  on 
the  dispersability  of  soils  would  lead  to  the  expectation  that,  other 
conditions  being  equal,  the  acid  intensity  would  affect  erosional 
behavior.  Such  equality  of  conditions  can  not  be  expected  to  occur 
often  with  simultaneous  differences  of  pH.  It  may  therefore  be 
remarked  at  once  that,  although  these  soils  furnish  a  pH  range 
between  the  extreme  values  of  3.8  and  8.7,  no  direct  relationship  to 
erosional  behavior  has  been  established. 

Examination  of  the  data  given  in  Table  1  shows  a  fairly  wide 
variation  in  the  colloid  content,  as  indicated  by  water-vapor  adsorp- 
tion and  moisture  equivalent,  and  suspension  percentage.  These 
variations  are  reflected  in  the  ratios  determined.  Were  the  other 
great  soil  groups  represented  by  the  station  soils,  the  variation  in 
properties  would  probably  be  much  more  diverse  and  the  study  of 
them  of  increased  value.  It  may  be  remarked,  however,  that  the  sta- 
tions were  located  primarily  because  of  recognized  injury  through 
erosion,  and  the  soils  are  therefore  to  be  expected  to  be,  for  the  most 
part,  of  highly  erosional  character.  The  erosional  characteristics  of  a 
soil  are  not  the  only  factors  involved  in  the  damage  which  is  pro- 
duced, since  the  quantit}^  and  character  of  rainfall  and  the  kind  of 
agriculture  and  the  methods  employed  also  have  bearing  on  the 
results.  It  is  to  be  noted  then  that  the  soils  represented  are  not  all 
easily  eroded,  at  least  throughout  the  profile.  The  most  striking  fact 
which  appears  in  the  erosional  data  is  the  lack  of  uniformity  within 
the  profiles  even  when  texturally  they  are  uniform.  The  colloid  by 
water-adsorption  and  moisture-equivalent  values  follows  textural 
uniformity  when  it  occurs,  but  the  suspension  percentage  most 
decidedly  does  not. 

Normally  it  may  be  considered  that  the  part  of  the  soil  of  para- 
mount importance  to  erosional  behavior  is  the  surface  layer,  or  hor- 
izon. It  must  not  be  forgotten,  however,  that  the  lower  strata  have 
a  decisive  bearing  not  only  on  the  total  damage  due  to  erosion,  but 
that  they  also  frequently  determine  the  type  of  erosion  which  occurs. 
The  soils  of  the  stations  furnish  two  groups  so  far  as  their  surface 
layers  are  concerned,  but  the  grouping  is  not  the  same  as  that  of  the 
textural  relationships.     The  Houston,  Colby,  and  Marshall  surface 
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soils  are  least  erosive,  as  indicated  by  the  erosion  ratio,  and  the 
erosivity  increases  by  steps  through  the  Palouse,  Cecil,  and  Shelby 
soils  to  the  most  erosive  surface  layer,  that  of  the  Kirvin  soil. 

It  seems  desirable  to  consider  each  soil  profile  ^Yith  respect  to  the 
physical  data  and  to  relate  these  to  what  is  known  of  the  field 
behavior  of  the  soils.  It  is  hoped  that  these  considerations  may  help 
to  point  out  the  missing  data  which  are  needed,  the  field  observations 
which  should  be  made  to  obtain  a  clearer  picture  of  the  relations 
between  soil  composition  and  erosional  behavior,  and  to  point  the 
wav  to  the  most  helpful  methods  of  control. 

The  Houston  soil  has  an  exceptionally  low  erosion  ratio  which,  by 
comparison  with  that  of  the  other  soils,  is  remarkably  uniform 
throughout  the  profile.  Xevertheless,  its  surface  layer  is  much  more 
erosive  than  the  layer  lying  immediately  below.  These  relations 
would  seem  to  require  that  erosion  of  the  Houston  soil  should  be 
uniform  and  of  the  kind  known  as  sheet  erosion,  since  gullying  is 

{)roduced  by  reason  of  marked  increa?'^.  in  erosivity  of  some  stratum 
ying  beneath  the  subsoil.  The  soil  data  given  class  this  soil  as  rela- 
tively nonerosive,  but  as  the  discussion  of  the  plot  data  (Table  7) 
indicates,  the  field  data  show  extensive  damage.  This  damage  ap- 
pears to  be  owing  to  a  group  of  influences  not  considered  at  all  or 
only  in  part  by  the  measurements  given.  The  pH  of  the  soil  is  high, 
largely  because  of  the  calcium  content.  This  results  in  a  low  relative 
suspension  percentage.  On  the  other  hand,  the  very  large  content 
of  clay  and  its  high  shrinkage  value,  not  included  in  the  determina- 
tions made,  produce  extensive  cracking  of  the  soil  on  drying,  and,  so 
far  as  the  surface  soil  is  concerned,  results  in  the  production  of  a 
fine,  granular  structure  the  component  units  of  which  are  cemented 
by  colloidal  carbonates.  The  result  is  that  a  highly  fluid  suspen- 
sion of  these  fine  particles  readily  forms  on  the  surface  and  follows 
the  lines  of  drainage,  in  which  are  included  the  large  subsoil  cracks 
previously  mentioned.  A  striking  peculiarity  of  the  Houston  clay, 
at  least  in  the  neighborhood  of  the  experiment  station,  is  the  sinusoid 
character  of  the  line  of  cleavage  between  the  second  and  third  layers 
of  the  soil.  AVhether  this  has  been  produced  through  erosion  or  is 
due  to  some  other  cause,  the  result  is  an  irregidar  exposure  of  subsoil 
on  the  surface  as  erosion  j)roceeds,  with  consequent  eti'ect  on  soil 
productivity.  In  addition  to  these  soil  characteristics  the  rainfall 
of  the  region  occurs  at  infrequent  intervals  and  is  torrential  in  char- 
acter. The  relative  run-off  is  therefore  excessive,  and  the  carrying 
power  of  the  moving  water  is  likely  to  bo  high  becau.se  of  the  velocity 
of  the  flow.  These  conditions,  taken  together,  result  in  greater  soil 
injury  than  would  be  indicated  bv  the  soil  characteristics  given  in 
Table  1. 

The  Colby  soil  has  erosional  properties  somewhat  higher  than 
those  of  the  Houston  but  is  still  to  be  classed,  on  the  basis  of  these 
properties,  as  a  nonerosive  soil  particularly  as  res])ects  the  up])er 
layers.  However,  its  surface  soil  is  moi'c  erosive  than  tlie  stratum 
immediately  beneath  it.  AVhen  the  profile  characteristics  are  con- 
sidered in  conjunction  with  the  low  rainfall  it  appears  that,  so  far 
as  erosion  occurs,  it  should  be  sheet  erosion,  and  when  the  calcium 
carbonate  content  is  considered,  together  with  the  high  plastic  clay 
content  with  the  consequent  fine  granulation  of  the  surface  soil  when 
dry,  wind  erosion  is  indicated.     However,  were  the  rainfall  sufficient 
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to  produce  continuous  run-off,  gully  formation  would  occur  with 
rapidity  after  the  depth  of  cutting  had  exceeded  4  feet.  That  such 
erosion  does  not  occur  is  doubtless  due  to  the  amount  and  also  the 
character  of  the  precipitation.  The  greater  suspension  percentage 
of  the  surface  layer,  as  compared  with  the  subsoil  of  both  the  Colby 
and  the  Houston  soils,  as  well  as  that  of  the  Marshall  soil,  although 
the  other  data  are  uniform,  is  doubtless  to  be  associated  with  the 
structural  relations  produced  by  air  drying.  The  finely  granulated 
surface-soil  particles  disperse  more  readily  than  the  larger  granules 
of  the  subsoil.  This  difference  disappears  when  the  soil  samples 
are  taken  when  the  surface  soil  is  moist.     (See  composite-plot  data.) 

The  Marshall  soil,  like  the  Houston  and  Colby  soils,  shows  a 
striking  contrast  between  the  surface  soil  and  the  subsoil  in  sus- 
pension percentage,  and  therefore  in  the  erosion  ratio,  though  other- 
wise the  two  layers  are  similar.  As  already  mentioned,  this  indi- 
cated difference  in  erosional  behavior  is  reflected  in  the  observed  field 
behavior  of  the  soil,  although  the  measurements  based  on  the  ])lots 
have  not,  as  yet.  been  received.  The  streams  in  this  area,  as  is  usual 
in  prairie  regions,  are  notably  turbid  with  suspended  colloid. 
The  explanation  of  the  indicated  erosional  difference  between  subsoil 
and  surface  soil  is,  as  before,  to  be  attributed  to  structural  differ- 
ences. The  air-dry  surface  soil  becomes  extremely  fine  and  in  con- 
sequence is  more  readily  suspended  and  removed  by  flowing  water 
than  the  more  compact  subsoil.  The  data  would  also  indicate  the 
probability  of  lateral  water  movement  occurring  not  only  at  the 
surface  but,  with  sufficient  rainfall,  also  at  the  surface  of  the  subsoil, 
and  in  cultivated  fields  at  plow  depths.  So  far  as  this  occurs,  the 
removal  of  the  surface  soil  is  greatly  accentuated.  The  data  also 
indicate  that  when  gullies  are  cut  to  the  level  of  the  slacial  drift, 
undercutting  occurs,  owmg  to  the  greater  erosivity  of  the  drift,  and 
the  gullies  become  U-shaped,  with  overhanging  projections  of  the 
upper  strata. 

The  Palouse  soil  has  somewhat  greater  erosional  character  than 
the  Marshall.  The  data  for  this  soil  do  not  indicate  a  highly  erosive 
material,  but  because  of  the  steep  slopes  on  which  it  occurs,  the  soil 
is  subject  to  damage  from  erosion  to  a  degree  probably  not  com- 
mensurate with  the  rainfall.  The  difference  between  the  surface 
layer  and  the  second  layer,  in  suspension  percentage  and  erosion 
ratio,  is  not  so  marked  as  in  the  soils  so  far  considered.  It  is  to 
be  noted,  however,  that  the  surface  layer  is  of  unusual  depth.  There 
are  notable  differences  also  in  the  other  soil  characteristics,  espe- 
cially in  the  silt  and  clay  content.  It  is  therefore  difficult  to  say  to 
what  extent  the  erosional  differences  are  due  to  structural  differences. 
The  data  lead  to  the  belief  that  even  if  the  rainfall  were  adequate, 
gully  formation  would  not  readily  occur. 

The  Cecil  soil,  as  already  mentioned,  is  exceedingly  nonerosive  so 
far  as  its  Bi  and  Bo  horizons  are  concerned.  The  relativeh^  high  ero- 
sional characteristics  of  the  A  horizon  are  to  be  ascribed  in  part  to 
the  lack  of  structure,  which  accompanies  the  high  silt  and  sand  con- 
tent, in  contrast  with  the  low  colloid  content  which  results  in  a  higher 
suspension  percentage  in  the  A  than  in  the  B  horizons.  The  numer- 
ical value  of  the  colloid-moisture  equivalent  ratio  of  the  surface  soil 
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apparently  is  due  to  the  organic  matter  and  to  the  retentive  capacity 
for  water  of  the  silt  and  very  fine  sand  being  added  to  that  of  the 
colloid  itself.  This  textural  difference  is  reflected  in  the  erosion 
ratio.  The  soil  damage  from  erosion  in  the  Cecil  areas  is  accen- 
tuated by  the  relatively  high  rainfall  as  well  as  by  the  type  of  agri- 
culture. The  chief  crops  are  cotton,  tobacco,  and  corn,  and  grass  or 
other  cover  crops  are  not  common.  The  result  is  that  much  of  the 
Cecil  area  now  has  no  A  horizon.  These  mutilated  profiles  are  non- 
erosive.  The  data  given  in  Table  1  do  not  include  the  C  horizon 
and  therefore  no  indications  of  the  relation  of  the  soil  to  gully 
formation  are  presented.  Since,  however,  the  description  of  the 
soils  notes  gully  formation  on  steep  slopes,  it  is  to  be  inferred  that 
the  erosional  characteristics  of  the  C  horizon  are  more  marked  than 
those  of  the  B  horizon. 

The  Shelby  soil  presents  an  interesting  profile  in  that  its  surface 
layers  offer  the  same  relationships  in  general  as  those  of  other  prairie 
soils.  In  the  lower  strata  are  found  increased  sandy  components  of 
coarser  type.  These  result  in  low  values  for  the  colloid-moisture 
equivalent  ratio  and  the  dispersion  ratio.  As  a  consequence,  the 
erosion  ratio  is  increased.  These  indications  are  reflected  in  the 
field  by  the  formation  of  deep  gullies  with  overhanging  ledges  of 
the  less  erosive  intermediate  layers,  and  they  include  at  times  the 
surface  layer  which,  although  somewhat  more  erosive  than  the 
layers  beneath  it,  is  often  held  in  place  by  grass  roots. 

The  suspension  percentage  of  the  surface  layer  is  high,  a  fact  re- 
flected by  the  turbid  condition  of  surface  water  even  when  flowing 
through  meadows.  The  relative  erosivity  of  the  surface  layer  is 
much  higher  than  that  of  the  second  layer.  This  difference  is 
clearly  attributable  in  part  to  textural  differences  in  silt  and  clay 
content  but  must  also  be  attributed  in  part  to  the  structural  differ- 
ences already  noted  in  the  other  prairie  soils,  since  the  lower  strata, 
which  do  not  show  the  textural  differences  so  markedly,  gradually 
increase  in  erosional  character. 

The  Vernon  soil  has  a  low  content  of  silt  and  clay  in  the  Ai  and 
A2  horizons,  the  fine  sand  and  very  fine  sand  being  correspondingly 
high.  In  consequence  the  moisture  equivalent  is  low.  Nevertheless 
the  colloid-moisture  equivalent  ratio  is  very  low  by  reason  of  the 
retention  of  moisture  by  the  noncolloidal  parts  of  the  soil,  which  are 
relatively  very  large.  The  suspension  percentage  is  numerically  low 
but,  relative  to  the  total  silt  and  clay,  it  is  very  high.  The  result 
is  a  high  dispersion  ratio.  The  combination  of  these  ratios  neces- 
sarily results  in  a  high  erosion  ratio  for  both  parts  of  the  A  horizon. 
The  suspension  percentage  of  the  Ai  horizon  is,  however,  relatively 
much  greater  than  that  of  the  A2,  with  consequent  normal  relation 
of  greater  erosivity  for  the  surface  layer.  The  B  horizon  has  a 
numerically  higher  suspension  percentage  than  the  Ai  and  A,  layers, 
but  relative  to  the  total  clay  and  silt  content  it  is  much  smaller.  The 
colloid-moisture  equivalent  ratio  is  greater  than  in  the  upper  strata. 
We  have,  therefore,  a  gradually  decreasing  erosion  ratio  through  the 
A  and  B  horizons.  The  C  horizon  contains,  in  addition  to  the  dis- 
integrated soil  material,  considerable  quantities  of  weathered  clay, 
and,  althcjugh  it  is  somewhat  more  erosive  than  the  B  horizon,  the  rel- 
ative difference  between  tlie  lowest  stratum  and  those  above  it,  so 
far  as  the  erosion  ratio  is  concerned,  is  not  exceptionally  marked. 
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We  have  in  this  soil,  therefore,  the  conditions  for  ready  gully  for- 
mation of  the  V-shaped  type.  Because  of  the  low  colloid  content  of 
the  surface  soil,  erosion  is  particularly  destructive  in  this  soil  when- 
ever the  surface  is  not  protected  by  a  vegetative  cover. 

The  Kirvin  soil  is  characterized  by  the  highest  erosion  ratio  for 
the  surface  soil  of  any  of  the  soils  of  the  stations  and  by  the  strongest 
contrast  between  the  A  and  B  horizons.  The  A  horizon  has  its 
abnormally  low  content  of  colloid  associated  with  the  water-holding 
capacity  of  tlie  silt  and  sands.  The  colloid  is  relatively  nonplastic. 
The  suspension  percentage  of  the  A  horizon  is  abnormally  high, 
being,  in  fact,  greater  than  the  total  amount  of  clay  present.  This 
may  be  taken  to  mean  that  the  soil  is  readily  dispersed,  despite  the 
low  silica-sesquioxide  ratio.  (Table  3.)  It  would  seem  that  the 
colloid  may  be  regarded  as  dispersed  in  the  sand.  The  gravel  con- 
tent and  the  presence  of  stones,  of  greater  than  gravel  size,  also 
favor  rill  formation.  We  have  then  in  the  surface  soil  most  favor- 
able conditions  for  erosion.  The  contrast  with  the  erosion  ratios  of 
the  B  horizon  can  at  once  be  ascribed  in  part  to  the  difference  in 
suspension  percentage.  Although  the  numerical  value  is  slightly 
greater  in  the  B  horizon  than  in  the  A  horizon,  it  is  actually  less 
than  one-seventh  of  the  clay  content.  To  what  extent  this  low  sus- 
pension percentage  is  due  to  structure  is  not  known,  but  the  clay 
is  brittle,  and  the  soil  is  not  readily  penetrated  by  water  by  reason 
of  the  high  clay  content.  We  have,  therefore,  in  this  soil  the  con- 
ditions for  gully  erosion  of  the  V-shaped  type.  Also,  as  in  the 
Vernon  soil,  there  is  special  susceptibility  to  damage  through  erosion 
since  the  colloid  content  of  the  surface  soil  is  low. 

Taken  as  a  whole,  the  soils  of  the  erosion  stations  offer  a  very 
interesting  variety  of  physical  properties  and  consequent  erosional 
characteristics.  Continued  study  of  these  will  throw  much  addi- 
tional light  on  the  conditions  which  determine  erosional  behavior. 
It  is  unfortunate  for  this  purpose  that  the  station  soils  do  not  offer 
a  more  varied  assortment  of  soil  classes  and  do  not  present  examples 
of  more  soil  groups  of  widely  divergent  character. 

Throughout  the  study  of  these  profiles  the  bearing  of  structural 
relations  on  the  erosional  behavior  of  the  soil  has  impressed  itself 
on  the  writers.  At  present  the  expressions  of  variations  in  structure 
are  so  lacking  in  quantitative  significance  as  to  render  hopeless  any 
attempt  to  evaluate  their  relation  to  the  other  influences  which  affect 
erosional  behavior.  The  study  of  this  phase  of  the  subject  will 
amply  reward  the  investigator  who  is  able  to  develop  a  satisfactory 
method  of  approach. 

CHEMICAL   COMPOSITION   OF  THE   SOILS 

The  complete  chemical  analyses  of  the  whole  soil,  which  are  given 
in  Table  2,  are  perhaps  less  significant  of  erosional  relations  than  the 
physical  data  and  the  colloid  data  given  in  Tables  1  and  3.  They 
are  recorded  for  the  purpose  of  presenting  all  possible  chemical  data 
on  the  soils.  Without  these  analyses  of  the  soils  the  chemical  anal- 
yses of  the  colloids  and  the  mechanical  analyses  of  the  soils  do  not 
present  a  complete  picture  of  the  genetic  and  classification  relations 
of  the  soils  on  which  the  erosion  stations  are  located.  A  discussion 
of  these  relations  is  necessarily  deferred  until  the  colloid  analyses 
have  been  presented. 
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Aside  from  this  major  purpose,  these  analyses  offer  certain  items 
of  information  not  shown  by  any  of  the  other  data.  These  will  be 
summarized,  but  before  doing  so  two  items  regarding  the  analyses 
should  be  noted.  These  have  reference  to  the  organic-matter  and 
carbon-dioxide  determinations. 

The  organic  matter  was  determined  by  combustion,  using  the  con- 
ventional factor  of  0.471  to  convert  carbon  dioxide  percentages  to 
organic  matter.  They  are  therefore  subject  to  the  inaccuracies  in- 
herent in  this  factor.  Carbon  dioxide  from  carbonates  was  deter- 
mined only  in  those  horizons  which  gave  qualitative  evidence  of 
the  presence  of  carbonates.  Consequently,  a  number  of  profiles  are 
shown  as  having  no  carbonates  when  undoubtedly  traces  would  have 
been  shown  to  be  present  under  the  more  exact  procedure  described 
by  Alexander  and  Byers.* 

The  discussion  of  the  chemical  analyses  of  these  soils  as  here  pre- 
sented is  admittedly  brief,  but  the  attempt  has  been  to  eliminate  from 
the  discussion  those  items  which  must  necessarily  be  repeated  in  a 
discussion  of  the  colloids  of  these  soils.  In  discussing  the  chemical 
analyses  of  the  colloids,  constant  reference  will  be  made  to  the 
chemical  analyses  of  the  soils  as  well  as  to  the  mechanical  analyses. 

Percentages  of  calcium  carbonate  show  considerable  variation 
in  the  different  types  of  soil.  The  samples  of  the  Kirvin,  Vernon, 
Cecil,  Palouse,  and  Marshall  soils  contain  n©  carbonates,  or, 
at  the  most,  but  traces.  The  lower  layers  of  the  Shelby  soil  and  the 
entire  profile  of  the  Colby  are  highly  calcareous.  On  the  basis  of 
percentages  of  CO2  and  CaO,  the  surface  soil  of  the  Houston  soil  con- 
tains 57  per  cent  of  calcium  carbonate,  and  the  deepest  layer  of  the 
Houston  contains  75  per  cent.  Such  high  percentages  of  calcium 
carbonate  profoundly  affect  the  physical  as  well  as  the  chemical 
properties  of  the  soil.  Where  the  entire  soil  exhibits  such  unusual 
characteristics  of  composition  as  does  the  Houston,  the  soil  analysis 
becomes  particularly  informative. 

The  chemical  analyses  show  that  the  Shelby,  Colby,  Palouse,  and 
Marshall  soils  are  particularly  rich  in  potash,  not  only  in  the  surface 
soil  but  throughout  the  profile.  The  potash  content  of  the  Houston 
soil  decreases  with  depth,  whereas  the  Vernon  shows  an  increase  in 
potash  below  a  depth  of  10  inches.  The  Kirvin  and  Cecil  also  show 
an  increased  percentage  of  K2O  in  the  B  horizon.  These  increases 
are  found  to  correspond  with  increases  in  the  clay  content  of  the 
soils  as  shown  by  the  mechanical  analyses. 

The  percentages  of  P-Os  in  general  var}'  but  little  for  each  pro- 
file. A  relative  deficiency  is  noted  in  the  Shelby  soil  between  depths 
of  12  and  20  inches.  The  Marshall,  Cecil,  and  Palouse  soils  are 
noticeably  richer  in  phosphorus  in  the  upper  horizons,  but  the  lower 
horizons  are  by  no  means  deficient  in  this  essential  plant-food 
element. 

Values  for  the  organic  matter  throughout  each  profile  show  sharp 
decreases  at  the  lower  depths,  but  the  depth  at  which  these  decreases 
occur  varies  in  each  soil  type.  The  Houston,  Shelby,  Colby,  Palouse, 
and  Marshall  soils  all  maintain  excellent  percentages  of  organic 
matter  to  a  depth  of  20  or  more  inches.    The  organic  matter  of  the 
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Vernon  and  Cecil  soils  is  largely  concentrated  in  the  surface  6  inches 
of  soil.  The  Kirvin  soil,  which  contains  little  organic  matter  at  any 
depth,  shows  a  higher  percentage  in  the  heavy  clay  B  horizon  than 
it  does  in  the  sandy  surface  soil.  In  general,  the  values  for  nitrogen 
parallel  the  values  for  organic  matter  throughout  each  profile. 

In  the  last  column  of  Table  2  are  given  the  organic  matter-nitro- 
gen ratios  for  the  profile  of  each  soil.  It  is  to  be  noted  that  there  is 
no  constant  value  shown,  either  as  between  the  profiles  or  in  relation 
to  depth.  Only  in  the  Shelby  soil  is  there  a  close  approach  to  the 
conventional  ratio  of  20.  The  trend  shows  a  decrease  in  the  ratio 
with  increasing  depth.  This  fact  for  these  soils  is  in  accord  with 
the  data  presented  by  Leigh ty  and  Shorey  {11)  and  by  McLean  {1I{.) 
and  with  the  as  yet  unpublished  data  presented  by  Russell  at  the 
meeting  of  the  American  Society  of  Agronomy  in  November,  1931. 
The  significance  of  th&se  relations  to  erosion  is  not  clear  but  may 
become  evident  when  adequate  field  data  are  available. 

So  far  as  the  chemical  components  of  fertility  are  concerned,  it 
appears  that  in  the  removal  of  the  surface  soil  by  erosion  the  most 
severe  result  will  be  a  loss  of  nitrogen  and  organic  matter.  The 
potash  and  phorphorus  content  are,  comparatively,  high  enough  in 
the  lower  horizons  to  furnish  a  basis  for  the  belief  that  for  these 
soils,  even  though  badly  eroded,  rehabilitation  can  be  accomplished 
through  the  laborious  process  of  building  up  reserves  of  organic 
matter  and  nitrogen.  But  the  assumption  must  not  be  made  that 
the  potash  and  piiosphorus  content  of  the  lower  horizons  is  as  avail- 
able as  that  of  tlie  surface  soil.  These  constituents  become  available 
slowly  by  weathering  and  by  the  action  of  soil  bacteria  in  the  pres- 
ence of  organic  matter. 

CHEMICAL   COMPOSITION   OF   THE    COLLOIDS 

The  erosion  stations  are  established  primarily  for  the  purpose  of 
determining  the  amount,  causes,  and  means  of  control  of  erosion. 
However,  in  the  course  and  prosecution  of  these  studies  much  in- 
formation will  be  obtained  which  concerns  the  properties  and  utiliza- 
tion of  the  various  soils.  Since  the  physical  properties  of  a  soil  are 
determined,  to  a  large  extent,  by  the  type  of  colloid  it  contains,  and 
since  erosional  behavior  is  directly  dependent  on  these  physical  prop- 
erties, a  careful  study  of  the  colloids  of  these  soils  has  been  made. 

The  colloids,  except  those  of  the  two  lower  layers  of  the  Cecil 
profile,  were  extracted  without  the  use  of  any  dispersing  agent. 
To  extract  these  colloids,  sufficient  ammonia  was  added  to  make  the 
dispersed  suspension  approximately  neutral  to  phenolphthalein. 
The  dispersion  was  repeated  from  three  to  seven  times  until  the 
yield  of  colloid  by  centrifuging  was  materially  decreased.  The 
'"  percentage  of  total  colloid  "  extracted  is  the  fraction  obtained  of 
the  amount  shown  to  be  present  by  mechanical  analysis.  It  is  not 
to  be  expected  that  in  any  case  the  extracted  colloid  would  reach  100 
per  cent,  since  the  particle  size  limit  of  the  extracted  colloid  is  1 
micron  and  the  mechanical  analyses  include  particles  up  to  2  microns. 
The  quantities  obtained  ranged  between  the  values  of  80  per  cent  for 
the  third  layer  of  Shelby  silt  loam  to  4:2  per  cent  for  the  surface 
layer  of  Colby  silty  clay  loam.  As  applied  to  the  total  colloid,  the 
validity  of  the  analytical  data  rests  on  the  assumption  that  the  ex- 
tracted colloid  is  essentially  the  same  as  that  not  extracted.     Brown 
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and  Byers  ^  have  shown  that  essential  differences  do  exist  between 
the  easily  extractable  and  difficultly  extractable  parts  of  a  soil  colloid. 
However,  their  findings  do  not  invalidate  the  above  assumption,  since 
by  their  methods  the  difficultly  extractable  part  represents  only  a 
small  fraction  of  the  total  colloid. 

In  all  the  colloids  the  organic  matter  was  determined  by  repeated 
treatment  with  hydrogen  peroxide.  The  values  reported  are  there- 
fore slightly  low,  but  they  represent  the  relative  quantities  of  similar 
material  in  these  profiles. 

The  carbon  dioxide  reported  was  determined  by  the  use  of  the 
apparatus  developed  by  Alexander  and  Byers  ^  details  of  which  are 
being  prepared  for  publication.  Data  obtained  with  this  apparatus 
indicate  the  small  relative  quantities  of  carbon  dioxide  present  in 
colloids  which  are  ordinarily  classed  as  carbonate  free  or  non- 
calcareous. 

The  colloids  from  the  soils  selected  show  a  very  wide  range  in 
chemical  composition.  In  fact  two  maxima  for  American  soil 
colloids  are  shown,  the  0.90  per  cent  MnO  for  the  Vernon  fine  sandy 
loam  colloid,  and  the  15.1  per  cent  CaCOg  ^equivalent  to  6.69  per 
cent  COo  )  for  the  Houston  black  clay  colloid  [24.)  • 

In  general,  the  analyses  of  the  colloids  of  these  soils  show  the  usual 
relationships  to  the  complete  analyses  of  the  soils  themselves.  The 
silica  is  lower  and  the  iron  and  alumina  are  higher  in  the  colloid 
fraction.  The  apparent  exception  in  the  Houston  colloid  is  due  to 
the  extremely  large  calcium  carbonate  content  of  the  soil,  only  a  rel- 
atively small  part  of  which  appears  in  the  colloid.  A  much  larger 
relative  amount  of  calcium  carbonate  is  found  in  the  Colby  colloid. 

It  seems  probable  that  the  colloidal  carbonate  material  is  due  to 
the  solution  of  the  carbonate  as  calcium  bicarbonate  during  wet 
periods  and  its  redeposition  in  a  state  of  very  fine  subdivision  on  dry- 
ing. The  colloidal  carbonate  appears  in  all  layers  of  both  Houston 
clay  and  Colby  silty  clay  loam.  In  Shelby  silt  loam  it  appears  in 
more  than  traces  only  in  the  lower  horizons. 

In  horizons  which  reveal  only  traces  of  carbonates  the  usual  rela- 
tion is  an  increase  in  the  calcium  of  the  colloid  as  compared  with 
that  of  the  soil.  This  indicates  that  a  large  part  of  the  calcium  is 
colloidally  held.  The  same  statement  holds  for  all  horizons  of  all 
soils  for  magnesium.  The  percentage  concentration  is  greater  for 
magnesium  than  for  calcium.  The  difference  is  due  primarily  to  the 
more  extensive  leaching  of  calcium. 

The  same  tendency  toward  concentration  in  the  colloid  fraction 
is  shown  by  the  organic  matter  except  in  the  surface  layer  of  the 
Cecil  profile.  The  soil  sample  from  this  horizon  contains  a  large 
amount  of  undccomposed  organic  matter.  A  less  definite  trend 
toward  concentration  in  the  colloid  fraction  is  shown  by  manganese, 
titanium,  and  phosphorus.  No  trend  toward  concentration  in  the 
colloid  fraction  is  to  be  observed  for  sodium  or  sulphur.  A  relative 
deficiency  in  the  proportion  of  potash-bearing  material  in  the  pro- 
files of  Houston  clay,  Kirvin  fine  sandy  loam,  and  Vernon  fine 
sandy  loam  is  shown  by  the  markedly  increased  percentages  in  the 
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colloids,  as  compared  to  the  soils.  This  may  partly,  and  perhaps 
wholly,  be  attributed  to  the  presence  of  quartz  sands  in  the  last  two 
soils  and  to  the  large  content  of  calcium  carbonate  in  Houston  clay. 

Further  consideration  of  the  colloid  analyses  shows  that  two  widely 
divergent  types  of  colloid  are  included.  This  is  indicated  by  the 
silica-sesquioxide  ratios  and  more  emphatically  by  the  silica-alumina 
ratios.  Kepresentative  of  one  extreme  is  the  colloid  from  Cecil  sandy 
clay  loam  which  is  distinctly  lateritic,  and  representative  of  the 
otlier  is  the  colloid  of  Colby  silty  clay  loam.  The  former  has  a 
silica -alumina  ratio  of  1.65  in  the  surface  layer  and  the  latter  a 
ratio  of  4.25. 

Of  the  other  colloids,  those  of  the  Houston,  Marshall,  Shelby,  and 
Palouse  soils  have  silica-alumina  ratios  of  well  above  3  throughout 
the  profile.  The  Vernon  colloid  also  appears  to  belong  in  this  gen- 
eral group,  although  the  silica-alumina  ratio  drops  below  3  for  the 
subsoil  colloids. 

With  the  exception  of  the  Vernon,  the  soils  of  this  group  contain 
large  quantities  of  colloidal  material,  and  the  type  of  colloid  found 
in  them  is  such  as  to  make  the  soils  plastic  and  sticky  when  wet  and 
also  highly  impermeable  to  water.  The  fate  of  incident  water  is 
thus  affected  by  the  type  and  quantity  of  colloid  in  the  soil.  The 
effects  are  of  course  modified,  as  in  the  Houston  and  Colby  soils, 
when  the  soils  contain  calcium  carbonate  or  other  flocculating 
material. 

The  only  colloid  which  may  be  classed  with  the  Cecil  is  the  Kirvin. 
Although  there  is  a  good  deal  of  difference  between  the  two  when 
judged  by  the  ratios  of  the  major  constituents,  the  classification  is 
justified  on  other  data.  Both  colloids  are  red,  contain  much  less 
exchangeable  base  than  any  other  of  the  colloids  under  discussion, 
and  the  soils  they  represent  are  markedly  acid  in  reaction.  The 
Vernon  colloid  is  also  red,  but  in  this  connection  it  must  be  remem- 
bered that  the  Vernon  soil  is  derived  from  the  red  sliales,  and  color 
indications  may,  therefore,  in  the  Vernon  colloid,  be  deceptive.  The 
relatively  unweathered  state  of  the  Vernon  soil  is  indicated  not  alone 
by  the  high  silica-alumina  ratio  of  its  colloid  but  by  the  high  content 
of  exchangeable  bases  as  well.  The  Vernon  profile  is  not  so  acid 
in  any  horizon  as  the  least  acid  of  the  horizons  of  either  the  Earvin  or 
Cecil  soils.  (Table  1.)  To  establish  more  completely  the  proper 
chemical  classification,  colloids  from  the  B  horizon  of  each  of  these 
soils  were  submitted  to  S.  B.  Hendricks  for  X-ray  examination  (9). 
He  submits  the  following  report : 

Samples  Nos.  6097,  6799,  6843,  8070,  8737  (Houston,  Sbelby,  Colby,  Palouse, 
Marshall)  are  Ordoviciau  bentonite  (montmorillonite  quartz).  Nos.  6679,  6720, 
6978  (Kirvin,  Vernon,  Cecil)  are  more  complicated  than  ordinary  clay  mineral 
photographs,  and  are  evidently  mixtures.  Of  these,  No.  6720  (Vernon)  is  pre- 
dominantly Ordovician  bentonite.  The  other  two  (Kirvin  and  Cecil)  are 
mixtures  of  a  clay  mineral  with  some  other  substance  or  substances. 

Any  relationships  shown  by  the  inorganic  composition  of  the  col- 
loid are  also  modified  by  the  quantity,  character,  and  distribution  of 
the  organic  matter  present.  Such  data  can  not  be  given  quantitative 
expression  at  present,  but  it  is  of  interest  to  point  out  that  in  the 
two  calcareous  soils  which  have  organic  contents  not  widely  at  vari- 
ance in  the  surface  horizons,  the  distribution  within  the  profiles  is 
116127°— 32 4 
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quite  different.  In  tlie  Slielby  and  Palouse  profiles  there  is  a  marked 
difference  in  the  organic  content  of  the  surface  layers  but  an  equally 
marked  similarit}^  of  distribution. 

The  22d  column  of  Table  3  gives  the  organic  matter-nitrogen 
ratios  for  the  extracted  colloids.  In  this  case  the  organic  matter  was 
determined  by  the  hydrogen-peroxide  method,  and  it  is  known  that 
not  all  of  the  organic  matter  is  so  removed  (22).  The  ratios  are 
therefore  numerically  smaller  than  they  would  be  had  the  combus- 
tion method  been  employed.  The  outstanding  relation  shown  by 
these  ratios  is  the  uniform  decrease  in  ratio  with  depth.  This  rela- 
tion may  be  interpreted  to  mean  that  the  organic  matter  at  lower 
levels  has  been  longer  subject  to  the  processes  of  decay  and  that  the 
nonnitrogenous  material  decays  more  readily  than  nitrogenous  bodies. 
That  the  nonnitrogenous  matter  is  oxidized  more  readily  by  hydro- 
gen peroxide  has  been  shown  by  McLean  {15,  16).  This  assumption 
is  valid  only  so  far  as  we  assume  that  the  organic  matter  at  lower 
levels  has  been  carried  down  from  above.  This  latter  assumption  is 
not  wholly  true  in  any  case  and  perhaps  to  but  a  limited  degree  in  the 
foils  not  subject  to  podzolization.  In  the  colloids,  as  in  the  soils, 
the  relation  between  the  composition  of  the  organic  matter  and  the 
erosional  behavior  must  await  fuller  knowledge  of  data  both  on  field 
behavior  and  the  variation  of  composition  of  the  organic  matter. 

The  erosional  behavior  of  the  Kirvin,  Vernon,  and  Cecil  soils  is 
influenced  by  the  small  content  of  colloid  in  the  surface  layers  (Table 
1),  and  this  influence  tends  to  obscure  the  effects  consequent  on  col- 
loid composition  in  these  horizons.  The  iron-oxide  content  of  the 
two  colloids  of  highest  apparent  weathering,  the  Kirvin  and  the 
Cecil,  is  notably  high,  as  shown  by  silica-iron  oxide  ratios.  The 
data  at  hand  do  not  clearly  indicate  what  erosional  relations  exist 
between  sesquioxide  colloids  and  alumino  silicates,  but  it  is  in  gen- 
eral true  that  laterites  and  lateritic  soils  are  not  readily  eroded.  Of 
the  soils  under  discussion,  those  which  contain  notable  quantities  of 
ferric  oxide  in  their  colloids  undoubtedly  have  their  erosional  rela- 
tions influenced  by  its  presence. 

Detailed  examination  of  the  profiles  of  these  series  leads  to  some 
observations  which  have  a  bearing  not  only  on  erosional  behavior  but 
also  on  general  soil  relationships.  As  already  mentioned,  the  Hous- 
ton soil  has  a  very  high  carbonate  content  throughout  the  profile. 
A  considerable  fraction  of  this  carbonate  finds  its  way  into  the  col- 
loidal fraction  in  each  of  the  successive  layers.  The  lower  layers  are 
much  richer  in  colloidal  carbonate  than  the  sui'facc  layers,  a  condi- 
tion which  is  to  be  expected  in  a  region  of  high  rainfall,  and  the  same 
general  relation  holds  for  the  total  carbonate  content  of  the  soil. 

Except  for  variations  in  the  amounts  of  organic  matter  and  car- 
bonates, the  colloid  of  the  Houston  soil  is  essentially  the  same 
throughout  the  profile.  This  constancy  is  emphasized  %  the  ratios 
of  tlie  major  constituents  as  given  in  liable  3.  Such  minor  variations 
as  appear  are  to  l)e  foinid  in  the  rcliitive  (pinntilios  of  iron  oxide,  as 
shown  by  the  silica-iron  oxide  and  iron  oxide-alumina  ratios.  The 
silica-alumina  ratios  ai-e  ])ractically  identical  for  the  complete  pro- 
file. This  constancy  of  com|)osition  of  the  colloids  of  the  chernozem 
and  i)rairie  soils  lias  l)oen  noted  by  livers  and  Andorson  {S) .  Such 
variation  as  may  occur  is  a  measure  of  the  extent  to  which  podzoliza- 
tion or  laterization  has  occurred. 
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Variations  in  the  erosional  behavior  of  the  different  layers  of  the 
Houston  profile  are  obviously  not  due  to  variations  in  the  type  of 
colloid,  and  causes  for  such  variation  must  be  sought  elsewhere. 
The  colloidal  content,  as  shown  by  the  mechanical  analyses,  varies 
to  some  degree,  though  even  in  this  respect  Houston  black  clay  is 
remarkably  constant.  It  is  apparent,  therefore,  that  this  soil,  in 
contrast  with  others  to  be  discussed  later,  has  suffered  but  little  trans- 
location of  colloidal  material.  The  several  soil  layers  show  consid- 
erable variation  in  organic  matter,  and  this  is  undoubtedly  responsi- 
ble for  the  inversion  of  relative  amounts  of  colloid  in  the  first  two 
layers,  as  shown  by  the  water-adsorption  method.  Taken  collec- 
tively, with  other  minor  variations,  the  differences  in  amount  of  or- 
ganic matter  and  calcium  carbonate  produce  a  very  evident  varia- 
tion in  the  profile  when  examined  in  the  field.  The  change  is  most 
marked  at  a  depth  of  about  36  inches.  However,  the  general  con- 
stancy of  texture  of  the  soil  and  composition  of  the  colloid  may  be 
considered  a  fairly  satisfactory  explanation  of  the  fact  that,  in  this 
soil,  erosion  is  for  the  most  part  of  the  variety  known  as  sheet  ero- 
sion. Sheet  erosion  appears  to  be  charactertistic  of  other  soils  with 
uniform  texture  and  colloid. 

The  erosion  ratio  given  in  Table  1  for  the  surface  layer  of  Hous- 
ton black  clay,  although  low  as  compared  with  other  soils,  is  still  much 
higher  than  that  for  the  layer  lying  below  it.  This  lowering  of  the 
erosion  ratio  for  the  soil  layer  immediately  below  the  surface  soil 
is  not  confined  to  the  Houston  soil,  but  appears  to  be  general  in  all 
soils.  In  the  Houston  soil  the  immediate  cause  is  seen  in  the  sus- 
pension percentage  given  in  Table  1.  The  cause  of  this  divergence, 
in  turn,  might  be  ascribed  to  the  smaller  quantity  of  colloidal  car- 
bonates in  the  surface  soil.  However,  since  the  pH  of  the  surface 
soil  is  the  same  as  that  of  the  layer  immediately  below  it,  there  can 
scarcely  be  said  to  be  a  lower  concentration  of  calcium  ions;  indeed, 
the  greater  quantity  of  organic  matter  would  seem  to  call  for  an 
increased  base  content  for  the  same  pH. 

It  is  a  matter  of  observation  that  the  surface  part  of  the  Houston 
soil,  on  drying,  fractures  into  very  small  easily  suspended  particles, 
whereas  the  more  slowly  drying  subsurface  soil  fractures  into  masses 
of  larger  size.  The  ease  with  which  these  small  particles  are  trans- 
ported or  suspended  presumably  accounts  for  the  high  erosivity  of 
the  Houston  soil,  in  spite  of  its  low  erosion  ratio,  and  may  account 
for  differences  in  the  suspension  percentage.  In  this  connection 
a  laboratory  observation  is  recorded.  Whenever  the  thick  suspen- 
sion (from  a  Pasteur-Chamberland  filter)  of  a  series  of  colloids  is 
evaporated  to  dryness  on  the  steam  bath,  the  tendency  to  fracture  is 
most  strikingly  marked  in  those  colloids  of  high  organic  matter. 
By  application  of  this  observation  it  is  believed  that  the  organic 
matter  of  the  Houston  soil  is  associated  with  the  peculiar  manner  in 
which  this  soil  disintegrates  under  field  conditions.  The  physical 
effects  of  organic  matter,  the  cementing  properties  of  dissolved  and 
reprecipitated  calcium  carbonate,  together  with  the  flocculating 
effect  of  the  calcium  ion,  are  held  to  be  amply  sufficient  cause  for 
the  peculiar  erosive  characteristics  of  this  soil. 

Kirvin  fine  sandy  loam  offers  in  many  respects  a  striking  contrast 
to  Houston  clay  in  that  the  colloid  content  of  the  various  horizons 
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is  markedly  variable.  (Table  1.)  The  colloid  composition  is  like- 
wise unusually  varied.  The  calcium,  potassium,  and  phosphorus 
content  of  the  colloid  of  the  surface  horizon  are  higher  than  in  the 
B  horizon  colloid,  differences  which  may  be  referred  to  the  ash  con- 
tent of  the  vegetation.  The  pH  value  of  the  surface  soil  is  corre- 
spondingly increased.  The  relative  percentages  are  of  course  greatly 
modified  in  the  whole  soil  bj'  reason  of  the  extreme  textural  changes 
in  the  various  horizons.  The  manganese  and  organic  matter  are 
sharply  concentrated  in  the  colloid  of  horizon  A.  The  combined 
water  (ignition  loss  minus  organic  matter)  of  the  colloid  of  the 
various  horizons  is  approximately  11  per  cent.  The  variations  are 
roughly  consistent  with  the  variations  in  iron  oxide  content,  as 
shown  by  the  silica-iron  oxide  ratio.  The  silica-sesquioxide  ratio 
when  considered  alone  indicates  a  fair  constancy  of  colloid  composi- 
tion. The  average  value  of  this  ratio  is  1.9,  which  approximates  the 
theoretical  value  of  2.0  for  kaolinite  or  halloysite.  The  iron  oxide 
content  is  relatively  high,  and  if  the  assumption  is  made  that  all  the 
iron  is  present  as  free  oxide,  the  silca-alumina  ratio  indicates  a  much 
higher  silica  content. 

That  the  iron  oxide  content  is  at  least  partly  free  is  indicated  by 
the  color  of  the  organic-free  colloid,  which  is  bright  red,  and  also  by 
the  change  in  the  iron  oxide-alumina  ratio  in  the  upper  four  strata. 
That  free  colloidal  quartz  is  probably  present  in  the  colloid  of  the  A 
horizon  is  indicated,  though  not  proved,  by  the  difference  in  the 
relative  values  of  the  iron  oxide-alumina  and  the  silica-iron  oxide 
ratios,  as  well  as  by  the  slightly  greater  silica-alumina  ratio  in  the 
surface  horizon  as  compared  with  the  second  horizon.  There  has 
been  no  podzolization  of  the  soils,  and  laterization,  although  indi- 
cated, has  not  progressed  to  any  extent.  In  general,  the  relative 
changes  in  the  various  ratios  tend  to  indicate  an  unrelated  degree 
of  weathering  which  may  be  the  result  of  lateral  leaching  of  the 
colloid.  This  is  not  improbable,  in  view  of  the  marked  changes  in 
the  texture  of  the  different  horizons  of  this  soil. 

Perhaps  the  most  important  inference  to  be  drawn  from  the  data 
for  Kirvin  fine  sandy  loam,  as  affecting  erosion,  is  obtained  through 
a  consideration  of  the  quantities  of  colloid  fraction  shown  in  the  dif- 
ferent layers.  It  is  clear  that  the  increase  of  colloid  from  5.6  per  cent 
in  the  0  to  12  inch  layer  to  59.4  per  cent  in  the  12  to  24  inch  layer 
indicates  removal  of  enormous  quantities  of  colloid  from  the  upper 
horizon,  either  by  erosion  or  eluviation. 

That  the  colloid  percentage  is  highest  in  the  B  horizon  shows 
clearly  that  eluviation  has  taken  place.  That  the  quantity  of  colloid 
so  transferred  is  large  is  indicated  by  the  decrease  in  colloid  content 
as  lower  levels  are  reached.  The  effect  of  thus  "  sealing  "  the  B 
horizon  with  colloid  is  not  so  marked  in  soils  with  colloids  of  low 
silica-sesquioxide  ratio  as  in  less  weathered  soil,  but  in  a  soil  with  so 
marked  an  alteration  of  texture  as  the  Kirvin,  the  effect  of  this 
sealing  on  ])erm(>ability  must  be  great,  and  therefore  must  in  turn 
affect  the  erosion  of  the  surface  soil. 

Attention  should  also  be  called  to  the  increased  erosional  cliaracter- 
istics  of  the  lower  strata  of  this  soil  as  represented  by  the  increase 
of  very  fine  sand  and  decrease  of  coHoid  content.  This  is  reflected  in 
the  increased  erosion  ratios  of  the  lower  layers.  These  in  turn  affect 
the   character   of   erosional    effects    in    flood    periods    when    erosion 
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reaches  the  lower  levels,  with  resultant  gullying  from  the  more  rapid 
erosion  of  the  deep-lying  material.  Gully  formation  in  the  Kirvin 
soil  is  strikingly  marked. 

Vernon  fine  sandy  loam  is  similar  to  the  Kirvin  soil  so  far  as  the 
color  of  tlie  organic-free  colloid  is  concerned.  There  are,  however, 
some  very  striking  differences.  The  silica-alumina  ratio  is  high, 
approaching  that  of  unweathered  soils.  The  base  content  and,  by  in- 
ference, the  base-exchange  capacity  are  also  very  greatly  in  excess 
of  the  usual  values  for  red  soils.  Despite  the  red  color  of  the  colloid 
the  iron  content  is  not  excessive,  and  its  alteration  in  quantity  rela- 
tive to  silica  thr(nigh  the  first  27  inches  is  but  slight.  Evidence  of 
chemical  fractionation  of  the  colloid  is  shown  by  the  alteration  of  the 
silica -alumina  and  iron  oxide-alumina  ratios.  On  the  basis  of  the 
changes  in  composition  shown  by  these  ratios,  such  weathering  as 
has  occurred  can  not  be  classed  as  podzolic,  and  the  high  silica- 
alumina  ratio  precludes  the  possibility  of  extensive  laterization. 

The  evidence  of  eluviation  is  not  clearly  marked,  despite  the 
marked  increa^se  of  colloid  in  the  B  horizon,  since  in  the  C  horizon 
the  quantities  of  clay  and  colloid  are  equally  great.  The  conclusion 
seems  to  be  warranted  that  the  relatively  small  quantity  of  colloid 
in  the  surface  soil  is  due  to  a  lateral  selective  erosion  of  the  finer 
fractions  of  the  soil.  The  coarser  materials  have  eroded  at  a  slower 
rate,  but  in  summation  the  total  erosion  has  been  rather  severe.  In 
this  connection  it  should  be  noted  that  this  particular  sample  of 
Vernon  soil  does  not  contain  a  calcareous  layer,  although  by  reason 
of  the  general  character  and  location  of  the  soils  of  the  Vernon 
series  such  a  stratum  would  normally  be  present.  In  this  soil,  as  in 
the  Kirvin,  gully  formation  :3  prevalent.  The  presence  of  a  highly 
erosive  substratum,  as  shown  by  the  erosion  ratio,  again  offers  a  sat- 
isfactory explanation  of  this  type  of  erosion. 

Shelb}"  silt  loam  is  a  prairie  soil,  and  the  characteristics  of  its  col- 
loid are  similar  to  those  of  the  colloids  derived  from  the  Houston, 
Marshall,  and  Palouse  soils,  except  that,  unlike  the  Houston,  it 
has  only  small  quantities  of  carbonates  which  occur  mainly  in  the 
colloids  from  the  lower  strata.  Throughout  the  profile  the  colloids 
of  this  soil  are  very  uniform,  particularly  in  the  upper  24  inches.^ 
They  have  the  usual  characteristics  which  accompany  a  high  silica- 
sesquioxide  ratio,  are  easily  dis})ersable  in  water,  and  have  a  high 
base  content  and  base-exchange  capacity.  When  free  from  or- 
ganic matter  the  colloids  are  light  gray,  which  indicates  that  the  iron 
is  not  present  in  the  form  of  hydrated  oxide. 

The  high  silica-alumina  ratio  indicates  the  relatively  unweathered 
condition  of  the  colloid,  and  no  evidence  of  podzolization  is  found 
in  the  iron  oxide-alumina  ratios.  The  amount  of  colloid  present  in 
the  surface  layer  is  approximately  half  that  of  the  second  layer 
between  depths  of  8  and  12  inches,  which  in  turn  is  greater  than  the 
amount  to  be  found  in  the  24  to  48  inch  laj^er.  This  is  taken  to 
mean  that  the  strata  between  8  and  24  inches  have  been  enriched 
by  illuviation,  but  the  relative  deficiency  of  colloid  in  the  surface 
layer  also  indicates  that  the  topsoil  has  lost  a  part  of  its  colloid  in 

'  In  considering  the  relative  values  shown,  it  should  also  be  noted  that  there  is  included 
in  the  profile  the  colloid  (No.  6802A)  obtained  from  a  sand  pocket.  The  inclusion  of  this 
sample  indicates  certain  nonuniform  conditions  which  are  characteristic  of  the  Shelby  soil, 
but  the  sample  is  not  properly  a  part  of  this  particular  profile. 
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the  surface  run-off  water.  The  upward  trend  of  the  silica-alumina 
ratio  at  depths  below  24  inches,  together  with  a  decreasing  colloid 
content,  serve  to  explain  the  increase  with  depth  of  the  erosion  ratio. 
This  gradual  increase  of  erosivity  in  the  lower  horizons  results  in  the 
formation  of  broad  U-shaped  gullies  when  this  soil  is  subjected  to 
heavy  rainfall.  AVitli  more  moderate  rains,  and  by  reason  of  its 
surface  erosional  characteristics,  sheet  erosion  becomes  prevalent  in 
this  type  of  soil. 

Colby  silt  loam  is  a  true  chernozem,  and  its  colloid  possesses  all 
the  characteristics  of  this  soil  group.  The  colloid  is  practically  con- 
stant in  character  throughout  the  profile  and  has  the  highest  silica- 
sesquioxide  and  silica-alumina  ratios  of  any  of  the  soils  covered  in 
this  investigation.  The  high  values  for  these  ratios  are  in  accord 
with  the  results  of  the  X-ray  examination  which  showed  the  colloid 
to  be  of  the  montmorillonitic  variety  and  in  accord  with  the  high 
base  content  of  both  colloid  and  soil.  A  summation  of  the  evidence 
to  be  derived  from  the  ratios  of  the  major  constituents  shows  mark- 
edly the  unweathered  condition  of  this  soil.  There  is  also  only  the 
slightest  evidence  of  concentration  of  colloid  in  the  second  stratum  at 
the  expense  of  the  surface  soil.  The  differences  in  erosional  char- 
acteristics shown  by  the  different  strata  are  not  to  be  specifically 
ascribed  to  variations  in  the  inorganic  colloid  or  to  alteration  of 
textures,  which  are  remarkably  constant.  The  differences  which  do 
appear  in  the  suspension  percentage  (Table  1)  and  in  the  moisture 
equivalent,  which  are  reflected  in  the  dispersion  and  erosion  ratios, 
are  to  be  attributed  in  part  to  alteration  in  structure.  To  what 
extent  the  structural  differences  are  to  be  associated  with  the  kind 
and  quantity  of  organic  matter  is  a  question  not  answered  by  the 
data.  Some  of  the  differences  between  the  surface  layer  and  those 
beneath  it  are  to  be  associated  with  differences  in  calcium  carbonate 
content  and  to  the  slightly  higher  silt  and  lower  clay  content  of  the 
surface  layer  as  compared  with  those  of  the  soil  immediately 
beneath  it. 

Cecil  sandy  clay  loam  is  the  only  definitely  lateritic  soil  on  which 
an  erosion  station  has  been  established.  The  silica-sesquioxide  ratio 
is  well  below  1.5.  If,  however,  we  consider  the  silica-alumina  ratio, 
it  appears  that  if  all  free  silica  has  been  eliminated  by  solution,  the 
degree  of  hydrolysis  of  the  alumino-silica  complex  has  not  gone  far 
beyond  the  halloysitic  stage,  the  latter  being  assumed  to  have  a  ratio 
of  2.  The  lateritic  characteristics  of  this  soil  may  perhaps  be  attrib- 
uted to  its  high  content  of  iron  oxide  which  is  hydrated  to  a  con- 
siderable degree,  as  shown  by  the  difference  between  the  ignition 
loss  and  the  organic  content. 

The  colloid  is  characterized  by  a  low  base  content  and  base- 
exchange  capacity  and  is  in  general  typical  of  the  series  as  deter- 
mined by  Holmes  and  Edgington  {10).  Tliere  is  some  indication 
of  podzolization  shown  in  the  altering  of  the  silica-iron  oxide  and 
iron  oxide-ahnnina  ratios,  but  the  absence  of  a  sample  from  the  C 
horizon  (below  (JO  inches)  leaves  some  doubt  as  to  the  extent  of 
podzolization  (;f  this  particular  jirofile.  The  transfer  of  colloidal 
material  from  the  surface  layer  to  lower  strata,  or  its  removal  by 
erosion,  is  very  marked,  as  shown  by  the  percentages  of  this  com- 
ponent which  varies  from  17.3  per  cent  in  the  0  to  6  inch  layer  to 
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51.2  per  cent  in  the  6  to  32  inch  stratum.  The  percenta<:^e  of  colloid 
is  nearly  as  high  throughout  the  B  horizon  to  a  depth  of  60  inches. 
From  other  samples  of  this  same  soil  type,  it  is  known  that  the  C 
horizon  is  low  in  colloid. 

Soils  of  this  type  are  usually  nonerosive  in  character,  and  this  is 
indicated  for  the  lower  layers  of  this  profile  by  the  erosion  ratios  and 
also  by  the  field  data.  The  relative  ease  of  erosion  of  the  surface 
layer  is  due  in  large  part  to  its  low  colloid  content.  The  cultivation 
of  corn  and  cotton  on  such  a  soil  aggravates  erosive  conditions  by 
destroying  roots  and  leaf  cover,  which  otherwise  would  bind  and 
protect  this  noncoherent  surface  layer. 

Palouse  silt  loam  has  the  highest  silt  content  of  any  of  the  station 
soils.  When  this  is  considered,  along  with  the  fact  that  it  is  not  a 
weathered  soil  and  that  much  of  the  area  on  which  this  soil  is  found 
is  markedly  rolling,  it  is  realized  that  erosion  is  a  serious  problem 
despite  the  low  rainfall  of  the  region. 

The  silica-alumina  ratio,  as  well  as  the  X-ray  examination,  indi- 
cates that  this  soil  has  a  colloid  of  the  montmorillonitic  type.  The 
alteration  of  the  silica-iron  oxide  and  iron  oxide-alumina  ratios  be- 
tween the  0  to  20  inch  and  the  20  to  33  inch  layers  indicates  that 
considerable  podzolic  effect  accompanies  whatever  illuviation  has 
taken  place.  The  evidence  of  podzolization  and  the  presence  of  as 
much  as  24:  per  cent  of  colloid  in  the  surface  layers  indicates  that  but 
little  surface  erosion  has  occurred  in  the  profile  sample.  If  such  be 
the  case,  it  would  appear  that  the  rainfall  is  so  meager  and  at  the 
same  time  so  distributed  that  the  natural  grass  cover  of  this  soil 
type  offers  ample  protection  from  the  small  run-off  which  occurs. 
However,  the  erosion  ratio  shows  this  soil  to  be  decidedly  erosive, 
and  under  cultivation  severe  erosion  may  be  expected.  The  data 
from  the  station  are  not  available  to  give  a  quantitative  expression 
of  this  statement. 

Marshall  silt  loam  is  a  typical  prairie  soil  and,  as  such,  its  colloid 
is  characterized  by  uniformity  throughout  the  profile.  The  silica- 
alumina  ratio  indicates  a  colloid  of  the  montmorillonitic  type  and 
this  is  confirmed  by  the  X-ray  examination  of  this  type  reported 
by  Hendricks  and  Fry  (9),  as  well  as  by  the  examination  made  of 
this  particular  sample.  As  in  Palouse  silt  loam,  evidence  of  podzoli- 
zation is  slight  but  distinct ;  also,  there  is  a  large  amount  of  colloid 
in  the  surface  soil.  Taken  together  they  indicate  the  lack  of  surface 
erosion  in  this  profile,  owing  no  doubt  to  the  excellent  protection 
offered  by  the  natural  grass  cover  of  the  soil.  Although  not  shown 
to  be  so  erosive  by  the  dispersion  and  erosion  ratios,  the  character 
of  this  soil  lends  itself  to  easy  erosion,  as  shown  by  the  suspension 
percentage  and  by  the  percentage  of  total  colloid  extracted  by  centri- 
fuging.  The  percentage  of  total  colloid  extracted  is  also  high  for 
other  colloids  of  like  type. 

The  erosion  ratios  which  represent  the  Marshall  profile  are  much 
more  varied  than  might  reasonably  be  anticipated  in  a  soil  so  uniform 
in  texture  when  so  little  variation  in  colloid  is  present.  Chemically 
the  most  important  differences  in  the  profile  are  shown  by  the  or- 
ganic-matter percentage,  both  in  the  soil  and  in  the  colloid ;  yet  the 
amounts  bear  no  relative  value  to  the  suspension  percentage  or  the 
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moisture  equivalent,  which,  in  turn,  aflfect  the  dispersion  and  ero- 
sion ratios.  The  variations  may  be  explained  by  attributing  them  in 
part  to  variations  in  soil  structure,  but  this  avoids  rather  than 
answers  the  question,  unless  causes  are  assigned  to  account  for  these 
structural  differences.  At  present  this  can  not  be  done.  However, 
it  is  known  that  the  erosion  ratio  is  often  lowest  in  the  second  soil 
layer  and  that  usually  this  is  in  the  zone  of  greatest  compaction  of 
the  soil.  In  this  respect  Marshall  silt  loam  is  similar  to  the  Houston, 
Shelby,  and  Colby  soils  included  in  this  investigation.  A  decreasing 
amount  of  colloid  in  the  two  lower  layers  of  the  Marshall  soil  may, 
in  the  presence  of  a  large  percentage  of  silt,  lower  the  cohesive  prop- 
erty of  the  soil  to  an  extent  that  would  account  for  the  increased 
erosivity  of  these  strata.  Whether  these  assumptions  are  correct  or 
adequate  the  data  at  hand  are  not  sufficient  to  determine.  It  will 
be  of  interest  to  learn  from  the  field  data,  when  assembled,  whether 
the  sreneral  relations  indicated  exist  in  fact. 

PROPERTIES  OF  COMPOSITE  PLOT  SAMPLES 

Composite  samples  of  each  tank  plot  at  the  erosion  stations  were 
obtained  for  the  dual  purpose  of  ascertaining  the  degree  of  uniform- 
ity of  the  soils  over  the  area  on  which  erosion  data  were  to  be 
collected  and  of  furnishing  a  basis  for  comparison  of  such  changes 
as  may  occur  in  these  plots  through  varied  cultural  and  other  treat- 
ment. These  samples  were  taken  according  to  the  following  in- 
structions : 

*  *  *  A  composite  sample,  aggregating  at  least  1  pound  in  weight,  should 
be  taken  for  each  of  the  several  soil  layers  through  the  vortical  section  of 
each  plot,  to  a  depth  of  48  inches,  wherever  this  depth  is  attainable.  To  make 
the  composite  sample,  the  sampling  should  begin  5  feet  from  the  lower  end  of 
each  plot  (in  the  middle),  and  extend  up  the  slope,  at  10- foot  intervals,  to  the 
rear  (or  upper)  end  of  the  plot.  A  soil  auger  or  core  sampler  (King  sampler) 
should  be  used  for  taking  these,  and  the  same  amount  of  soil  should  be 
taken  from  each  layer,  thus  making  a  thoroughly  representative  plot  composite. 

The  samples  were  transferred  to  glass  jars  in  this  laboratory,  and 
the  material  remaining  from  this  study  will  be  carefully  preserved 
for  comparison  with  samples  to  be  taken  in  the  future,  in  order  that 
the  changes  caused  by  erosion  may  be  determined. 

Composite  samples  of  Marshall  silt  loam,  from  Clarinda,  Iowa, 
and  of  Palouse  silt  loam,  from  Pullman,  Wash.,  have  not  been  in- 
cluded in  this  study  because  of  the  recent  installation  of  these  sta- 
tions. The  samples  from  the  six  stations  from  which  samples  were 
received  were  subjected  to  the  following  determinations:  Colloid  by 
water-vapor  adsorption,  moisture  equivalent,  dispersion  ratio,  and 
complete  mechanical  analj'sis.  From  the  results  of  these  determina- 
tions the  colloid  (by  water-vapor  adsorption) -moisture  equivalent 
ratio  and  the  erosion  ratio  were  calculated.  The  average  value  of 
each  determination  for  all  the  plots  (except  dosurfaced  plots)  at 
each  station  Avas  computed  for  each  horizon,^  and  the  standard  devi- 

'  In  the  following  discussion  and  tables  the  term  "  horizon  '"  is  used  to  dcsiKuate  the 
horizon,  or  layer,  represented  by  the  sample,  regardless  of  whether  the  soil  exhibits  true 
horizonal  characteristlca. 
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ation  and  the  coefficient  of  variability  ^  were  calculated.  The  results 
of  these  determinations  and  calculations  are  shown  in  Table  4.  For 
the  purpose  of  comparison  the  same  determinations  on  the  profile 
samples  as  are  shown  in  Table  1  are  repeated. 

The  sites  for  the  erosion  stations  were  selected  with  great  care, 
particularly  in  regard  to  securing  a  representative  area  of  the  soil 
type  to  be  studied,  and  the  location  of  the  experimental  plots  on  this 
area  was  carefully  considered  so  that  they  would  have  as  uniform 
slope  and  as  uniform  soil  conditions  as  possible.  The  data  in  Table 
4  show  that,  in  general,  the  plots  at  each  station  are  remarkably 
uniform  in  their  characteristics.  In  many  cases  the  differences 
between  the  value  of  the  highest  and  the  lowest  determinations  for 
any  particular  horizon  are  probably  within  the  limits  of  experi- 
mental error.  The  greatest  differences  usually  occur  in  the  long  or 
short  plots,"  indicating  that  the  greatest  variations  in  soil  character- 
istics occur  along,  rather  than  across,  the  slope. 

The  short  plots  on  the  Cecil  soil  (No.  12),  Kirvin  (No.  1),  and 
Vernon  (No.  1)  are  noticeably  at  variance  with  the  rest  of  the  plots 
in  several  of  their  properties.  The  long  plot  on  the  Shelby  soil  was 
divided  and  sampled  in  two  parts,  and  it  may  readily  be  noted  that 
the  upper  half  (which  extends  up  the  slope  beyond  the  main  body  of 
the  plots)  is  much  heavier  in  texture  and  shows  greater  variation  in 
its  other  properties  than  the  rest  of  the  plots. 

The  surface  soil  of  the  desurf aced  ^^  plots  (listed  in  Table  4  as  the 
second  horizon)  does  not  correspond  to  the  second  horizon  in  the 
Houston,  Cecil,  and  Vernon  soils,  but  in  the  others  the  agreement  is 
quite  close.  This  is  no  doubt  due  to  the  fact  that  the  plot  was  not  de- 
surfaced  to  the  same  depth  as  the  surface  horizon  of  the  profile 
sample. 

The  differences  between  the  profile  samples  and  the  average  values 
of  the  composite  samples  are  greater  than  was  expected.  However, 
in  most  cases,  the  greatest  differences  can  be  ascribed  to  differences 
in  depths  of  sampling.  For  example,  the  first  horizon  of  the  Cecil 
profile  sample  was  taken  to  a  depth  of  6  inches,  whereas  the  com- 
posite samples  were  taken  to  a  depth  of  7  inches.  Since  the  B  hori- 
zon of  the  Cecil  soil  is  very  heavy  in  texture,  as  compared  with  the  A 
horizon,  the  greater  depth  of  sampling  included  more  of  this 
material,  resulting  in  much  heavier  texture  for  the  composite  samples 
than  is  normal  for  the  A  horizon. 

»  The   formulas   used   were    standard   deviation,  <f=-«/- ^  ,  and  coefScient  of  variability. 


<r 


C=w^X100,    where  d  represents  the  deviation  of  each    determination  from    the  mean  M. 

of  the  whole  number  of  determinations  n. 

"  The  plots  at  all  stations  are  6  feet  wide  and  the  normal-length  plots  are  72.6  feet 
long,  making  an  area  of  one  one-hundredth  of  an  acre.  The  short  plots  are  36.3  feet 
long  (one  two-hundredth  of  an  acre)  and  the  long  plots  are  145.2  feet  long  (one  fiftieth 
of  an  acre). 

"  The  surface  soil  of  one  or  more  plots  at  each  station  was  removed  to  simulate  a 
severely  eroded  condition  and  to  compare  the  quantity  of  ruu-of[  and  erosion  with  the 
normal  surface  condition. 
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Some  differences  may  be  noted  in  the  dispersion  and  erosion  ratios 
between  the  profile  samples  and  the  composite  samples.  The  com- 
posite samples  agree  very  well  with  each  other,  and  several  deter- 
minations made  on  the  profile  samples  at  various  times  are  in  close 
agreement.  The  reason  for  these  discrepancies  has  not  yet  been 
definitely  ascertained.  It  is  believed  to  be  due  to  structural  varia- 
tions resulting  from  seasonal  differences  in  the  taking  of  the  samples. 
,  The  coefficients  of  variability  are  low  in  nearly  all  cases,  indicat- 
ing a  high  degree  of  uniformity.  In  order  that  the  variability  of  the 
different  soils  might  be  compared,  the  average  value  of  the  coefficient 
was  computed  for  all  determinations,  with  the  exception  of  the 
organic-matter  determination,  for  each  horizon  of  each  soil.  The 
results  are  shown  in  Table  5. 

Table  5. — Average^  coefficients  of  vaHa'bility  of  composite  plot  samples 


Horizon 

Houston 
black  clay 

Cecil  sandy 
clay  loam 

Kirvin  fine 
sandy  loam 

Vernon  fine 
sandy  loam 

Shelby  silt 
loam 

Colby  silty 
clay  loam 

1         

6.3 
4.7 
6.4 
7.3 

7.7 

9.1 
8.1 
9.3 

8.6 

8.5 

10.6 

8.8 

9.1 
12.3 
11.6 
14.8 

5.7 

11.8 

9.4 

9.1 

4.8 

2 

4.8 

3 - -.. 

5.6 

4 

5.8 

6                                      - 

Average       

6.5 

8.8 

9.1 

11.9 

9.0 

5  2 

1  Coefficients  of  variability  for  organic  matter  are  not  included. 

These  results  indicate  that  the  second  horizon  of  the  Houston  soil 
is  the  most  uniform  and  the  fourth  horizon  of  the  Vernon  the  least 
uniform.  However,  the  average  of  all  horizons  shows  the  Colby 
to  have  the  most  uniform  profile  and  the  Vernon,  the  least  uniform. 
These  figures  correspond  very  closely  to  the  results  obtained  by 
Holmes  and  Edgington  (10)  on  the  colloids  from  the  Leonardtown, 
Miami,  Chester,  and  Cecil  soils. 

Although  it  is  obviously  undesirable  to  make  complete  chem- 
ical analyses  of  the  soil  and  colloid  of  the  whole  series  of 
composite  samples  because  of  their  great  number,  it  seemed  de- 
sirable to  select  a  pair  of  the  Houston  composite  samples  which 
showed  wide  variation  in  physical  properties  in  order  to  de- 
termine to  what  extent  this  variation  is  reflected  by  the  chemical 
composition.  In  the  Cecil  composites,  two  plots  showed  very  simi- 
lar physical  properties,  and  they  were  analyzed  in  order  to  determine 
to  what  extent  this  uniformity  was  reflected  by  the  chemical  compo- 
sition. To  these  were  added  a  pair  of  the  samples  from  the  desur- 
faced  plots.  It  is  to  be  expected  that  erosion  will  alter  these  more 
than  the  surface  soils.  The  analyses  are  therefore  available  for 
corn {Kiri son  with  future  sami)les  from  the  same  plots.  The  results 
of  tliese  analyses  are  given  in  Table  6. 
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Table  6. — Chemical  composition  of  selected  composite  plot  samples'^ 


station 


Temnle,  Tex 

States  ville,  N.  C. 


Soil  type 


f  Houston  black 
I    clay. 


6 

'Cecil      sandy    I      7 
clay  loam.      1 1      1 

I      2 


Plot 

No. 


32 


Hori- 
zon 


1 

1 

«2 

•2 


SiOj 


P.  cl. 
22.94 

(66.  78) 
18.18 

(65.  02) 
69.39 
68.  37 
60.  90 
60.96 


TiOj 


P.  ct. 

0.37 

(1.  OS) 

.34 

(1.22) 

1.31 

1.29 

1.47 

1.65 


FesOj 


P.  ct. 

2.  68 
(7.  80) 
2.42 
(8.  66) 
5.65 
5.95 
8.49 
8.73 


Ah03 


P.  ct. 

5.97 

(17.  38) 

4.91 

(17.  56) 

14.48 

15.28 

19.43 

19.24 


MnO 


P.ct. 

0.05 

(.  IS) 

.04 

(.14) 

.29 

.32 

.09 

.11 


CaO 


P.ct. 
33.58 

'37.'oo' 


.30 
.20 
.43 
.29 


MgO 


P.ct. 

0.98 

(2. 85) 

.84 

(3.00) 

.08 

.06 

.85 

1.02 


Station 


Temple,  Tex 

Statesville,  N.  C. 


Soil  type 


fHouston  black 
I    clay. 


(Cecil     sandy 
1    clay  loam. 


riot 
No. 


»2 


Hori- 
zon 


1 

1 

<2 

*2 


K2O 


P.ct. 

0.65 
(1.89) 
.50 
(1.79) 
.56 
.56 
.61 
.45 


NajO 


P.ct. 

0.29 

(.84) 
.21 

(.75) 
(') 
(-') 
.04 
.10 


P2O5 


P.ct. 

0.30 

(.87) 

.28 

(1.00) 
.08 
.07 
.14 
.17 


SOj 


P  ct. 

0.12 

(.  35) 
.24 

(.86) 
.15 
.19 
.23 
.09 


Loss 
on  ig- 
nition 


P.  ct. 

31.94 


34.89 


7.95 
8.00 
7.07 
7.07 


Ni 


P.ct. 
0.14 


.08 


.09 
.08 
.04 
.05 


COj 

from 

carbon. 

ates 


P.ct. 

26.99 


29.94 


.00 
.00 
.00 
.00 


HjO  at 

at  110° 

C. 


P.ct. 
4.60 


4.15 


1.56 
1.61 
1.94 
1.92 


^  Determinations  by  J.  G.  Smith  and  G.  Edgington. 

*  Long  plot   (one-fiftieth  of  an  acre). 
'  Trace. 

*  Surface  of  de.surfaced  plot. 

[Figures  in  parentheses  are  for  analyses  calculated  on  carbonate-free  basis] 

The  third  horizon  of  plot  2  (long  plot)  and  plot  7  on  Houston 
black  clay  are  unusual  in  that  the  colloid  by  water  adsorption,  the 
moisture  equivalent,  and  the  clay  and  colloid  by  mechanical  analysis 
are  the  highest  and  the  lowest,  respectively,  of  any  of  the  plots  in  this 
horizon.  The  chemical  analyses  reveal  considerable  differences  in 
the  various  con.stituents,  particularly  CaO,  but  when  the  analyses  are 
recalculated  on  the  carbonate-free  basis  (figures  in  parentheses)  the 
results  are  practically  identical.  This  indicates  that  the  properties 
of  the  third  horizon  of  plot  T  are  lower,  owing  to  the  greater  dilu- 
tion with  CaCOa. 

The  phj^sical  properties  of  the  surface  horizons  of  plots  6  and  T  on 
the  Cecil  soil  are  practically  identical,  except  for  the  colloid  by 
water-vapor  adsorption  and  the  organic  matter  by  H0O2,  which  are 
higher  in  the  latter.  The  chemical  analyses  indicate  that  there  is  a 
little  more  silica  and  less  iron  and  alumina  in  the  former,  the  rest  of 
the  constituents  being  almost  uniform. 

The  analyses  of  the  first  two  desurfaced  plots  of  the  Cecil  soil 
reveal  them  to  be  practically  identical  in  composition.  The  physical 
analyses  indicate  that  plot  1  is  slightly  heavier  in  texture,  but  the 
slight  differences  are  not  reflected  in  the  chemical  analyses. 

RUN-OFF  AND  EROSION  DATA 

Only  four  of  the  eight  erosion  stations  were  established  in  time 
to  secure  any  run-off  and  erosion  data  during  1930.  Of  these,  the 
stations  at  Guthrie,  Okla.,  Hays,  Kans.,  and  Temple,  Tex.,  were  in 
operation  during  the  entire  year.     The  station  at  Tyler,  Tex.,  was 
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in  operation  only  during  the  latter  part  of  the  year.  The  year  1930 
was  unusual  in  many  respects  and  was  particularly  notable  on  ac- 
count of  the  unprecedented  drought  in  practicallj^  all  sections  of  the 
country.  The  station  at  Tyler  reported  no  rain  producing  run-off 
from  June  to  October.  At  Temple  there  was  no  run-off  from  May  23 
to  August  25.  However,  the  stations  at  Temple  and  Hays  each  had 
a  total  rainfall  for  the  year  within  a  quarter  of  an  inch  of  the  normal, 
and  the  station  at  Guthrie  had  0.61  inch  more  than  the  normal.  This 
condition  was  brought  about  by  unusually  heavy  rains  in  the  spring 
and  fall.  The  run-off  and  erosion  data  for  each  plot,  together  with 
the  erosion  ratio  of  the  surface  soil  as  shown  in  Table  4,  are  given 
in  Tables  7,  8,  9,  and  10. 

Table  7.  —Run-off  and  erosion  data  from  Temple,  Tex.,  erosion  station,  1930 

[Total  rainfall,  33.01  Inches;  Houston  black  clay;  slope,  3.75  per  cent] 


Plot  No. 

Erosion 
ratio 

Run-off 

Erosion 

Erosion 
per  inch 
of  run-off 

Treatment 

11     

9.6 
10.1 
7.8 
9.1 
7.0 
9.0 
7.1 
6.5 
10.3 
8.9 
4.7 

Per  cent 
16.45 
18.45 
6.26 
21.36 
27.77 
20.89 
11.90 
12.68 
10.72 
12.11 
12.12 

Tons  per 
acre 
20.88 
14.67 

3.01 
25.29 
24.63 
27.83 
13.77 
10.52 
11.89 
11.24 

6.03 

Tons  per 
acre 
3.8 
2.4 
1.5 
3.6 
2.7 
4.0 
3.5 
2.5 
3.3 
2.8 
1.5 

Cotton. 

22           

Do 

33 - 

Do. 

4 

Cotton  (green  manure). 
Cotton  (subsoiled). 
Grass. 

6                            

6.. 

7 

Cotton  (green  manure). 
Cotton  (subsoiled). 
Cotton  (green  manure). 
Cotton  (subsoiled). 
Cotton. 

8 

9       

10 

11  « 

Averace                    

8.2 

15.52 

15.43 

2.9 

I  Short  plot. 

»  Long  plot. 

'  Record  for  5.55-inch  rain  of  I 

*  Desurfaced  plot. 

Vlay  10  not 

included 

because  ta 

Qk  overflow 

Fed. 

Table  8.  —Run-off  and  erosion  data  from  the  Hays,  Kans.,  erosion  station,  1930 
[Total  rainfall,  22.78  inches;  Colby  silty  clay  loam;  slope,  5  per  cent] 


Plot  No. 

Erosion 
ratio 

Run-off 

Erosion 

Erosion 
per  inch 
of  run-off 

Treatment 

1 1 

19.6 
15.7 
17.9 
16.7 
16.8 
17.5 
16.7 
16.3 
16.6 
24.1 

Per  cent 
12.68 
12.49 
12.72 

.69 
12.  56 
15.96 
19.01 
19.25 

.06 
12.17 

Tons  per 

acre 

1.99 

3.22 

2.13 

.27 

3.37 

6.95 

3.05 

4.54 

.01 

2.62 

Tons  per 
acre 
0.69 
1.1 

.75 
1.7 
1.2 
1.9 

.70 
1.03 

.70 

.95 

Wheat. 

2«              

Do. 

3 

Do. 

4.. 

Grass  (clipped). 
Wheat. 

5 

6.. 

Fallow. 

7.. 

Kafir 

8 

Do. 

0 

Grass  (not  clipped). 
Wheat 

10 «            

Average  

17.8 

n.76 

2.82 

1.07 

>  Short  plot. 

*  Long  p 

lot. 

«] 

Resurfaced  plot. 
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Table  9.-  Erosion  and  run-off  data  from  tlie  Guthrie,  Okla.,  erosion  station,  1930 
(Total  rainfall,  33.66  inches;  Vernon  fine  sandy  loam;  slope,  7.7  per  cent] 


Plot  No. 

Erosion 
ratio 

Kun-ofl 

Erosion 

Erosion 
per  inch 
of  run-oll 

Treatment 

li                         

57.3 
44.6 
46.8 
40.3 
62.6 
49.4 
47.9 
45.4 
22.9 

Per  cent 
11.55 
10.04 
13.11 
13.36 
9.76 
11.95 
2.83 
22. 95 
26.39 

Tons  per 
acre 
21.20 
14.49 
17.50 
3.09 

.51 
13.32 

.064 
18.09 
35.26 

Tons  per 
acre 

5.5 

4.3 

4.0 
.69 
.16 

3.3 
.067 

2.3 

4.0 

Cotton. 

2» 

Do. 

3   .                        

Do. 

4 

Oats. 

5. 

Sweetclover. 

6- _ --. 

Cotton. 

7...            .          

Grass. 

8 

Bare. 

9  8        

Cotton, 

Average      

46.4 

13.55 

13.73 

2.7 

J  Short  plot. 

'  Long  p 

lot. 

1 

Desurfaced  plot. 

Table   IQ.— Erosion  and  run-off  data  from  the  Tyler,  Tex.,  erosion  station, 

October  to  December,  1930 

[Total  rainfall,  W.hl  inches;  Kirvin  fine  sandy  loam;  slope,  8.75  per  cent] 


Plot  No. 

Erosion 
ratio 

Run-ofI 

Erosion 

Erosion 
per  inch 
of  run-ofl 

Treatment 

11 

44.3 

39.5 

42.0 

43.3 

33.7 

40,0 

35.9 

28.6 

31.0 

8.6 

8.5 

8.6 

Per  cent 
5.2 
5.4 
5.4 
6.0 
5.8 
5.8 
5.6 
9.3 
11.2 
.8 
2.5 
2.9 

Tons  per 

acre 

5.19 

7.50 

5.18 

6.84 

2.61 

2.63 

2.40 

.62 

1.80 

.06 

.03 

.25 

Tons  per 
acre 
8.4 
11.7 
8.1 
9.6 
3.8 
3.8 
3.6 
.56 
1.35 
.63 
.10 
.73 

Cotton 

22 

Do 

3   .              .  . • 

Do 

4 

Do 

5 

Do 

6 

Corn 

7 

Kobe  Lespedeza. 
Grass 

8 .       . 

9 

Bare 

10  3         

Cotton 

11  3 

Do 

12  5      

Do. 

Average 

30.4 

5.5 

2.93 

4.4 

1  Short  plot. 
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It  is  not  within  the  province  of  this  bulletin  to  discuss  the  effect  of 
the  different  crop  treatments  in  the  control  of  erosion.  However,  the 
correlation  of  the  physical  and  chemical  properties  of  the  soil  with 
its  erosional  characteristics  is  an  important  consideration.  The  dis- 
persion ratio,  the  colloid-moisture  equivalent  ratio,  and  the  erosion 
ratio  are  the  only  criteria  that  have  been  developed  for  estimatin*;, 
in  advance  of  actual  measurement,  the  erosivity  of  a  soil  {17) .  These 
tests,  of  necessity,  leave  out  of  consideration  differences  in  topogra- 
phy, climate,  vegetation,  and  treatment,  which  are  of  primary  im- 
portance in  determining  actual  erosion  except  so  far  as  these  factors 
have  previously  influenced  the  character  and  properties  of  the  soil 
itself.  In  consequence  of  these  variables  the  degree  of  reliability  of 
the  erosional  characteristics  of  the  soils  can  not  be  estimated  by  com- 
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parison  of  the  run-off  and  wash-off  data  of  the  different  stations,  but 
can  only  be  arrived  at  by  a  study  of  the  results  obtained  in  successive 
years  on  plots  under  like  treatment  at  a  given  station.  However, 
some  interesting  relations  may  be  brought  out  by  the  following 
discussion. 

Houston  black  clay  (Table  7),  although  it  has  the  least  slope  and 
the  lowest  erosion  ratio,  shows  the  greatest  average  annual  erosion 
and  the  highest  percentage  of  run-off  of  the  four  soils  for  which  data 
are  available.  It  also  has  the  greatest  quantity  of  erosion  per  inch 
of  run-off  of  the  three  soils  for  which  data  are  available  for  the  entire 
year. 

The  physical  properties  of  this  soil,  such  as  the  dispersion  ratio, 
erosion  ratio,  and  colloid-moisture  equivalent  ratio,  would  indicate 
that  it  is  relatively  nonerosive.  The  average  dispersion  ratio  of  the 
surface  soil,  11.0,  is  within  the  tentative  limit  set  by  Mi'.ldleton  (17) 
for  nonerosive  soils,  but  the  average  of  the  colloid-moisture  equiva- 
lent ratio,  1.29,  is  much  below  the  lower  limit  of  1.5  which  was  estab- 
lished for  this  ratio.  However,  the  average  value  of  the  erosion  ratio 
of  the  surface  soils,  8.5,  is  within  the  limit  established  for  nonerosive 
soils.  It  is  evident  that  some  other  property  or  combination  of  prop- 
erties must  operate  in  this  particular  soil  to  produce  more  erosion 
than  would  be  expected  from  its  physical  properties.  This  soil  is 
very  stiff  and  plastic  when  wet  and  on  drying  shrinks  and  cracks 
into  very  hard  lumps  which  adsorb  water  very  slowly.  Slow  pene- 
tration of  water,  together  with  the  high  intensity  of  rainfall  which 
occurs  in  this  region,  produces  a  large  quantity  of  run-off.  Under 
these  conditions  cultivation,  such  as  is  necessary  in  the  growth  of 
cotton,  induces  a  large  quantity  of  erosion  because  the  loose  surface 
soil  is  swept  off  by  the  run-off  water.  The  low  dispersion  ratio  is 
undoubtedly  caused  by  the  slow  penetration  of  water  into  the  aggre- 
gates of  the  soil  and  the  high  content  of  calcium  which  tends  to  hold 
them  together  so  that  under  the  conditions  of  this  test  onW  a  small 
fraction  of  the  material  is  dispersed.  The  dispersion  and  erosion 
ratios  of  the  surface  layer  of  the  desur faced  plot  (plot  11)  are  ap- 
proximately half  of  the  corresponding  values  of  the  normal  surface 
soil,  and  the  actual  erosion  is  also  approximately  half  as  much. 
The  colloid-moisture  equivalent  ratios  are  practically  the  same,  so 
that  in  this  case  the  dispersion  ratios  and  consequently  the  erosion 
ratios  indicate  the  relative  degree  of  erosion. 

The  Houston  soil  is  one  of  the  most  uniform  soils  that  has  been 
investigated  in  this  woi-k  (Table  5)  ;  yet  on  two  plots  of  this  soil 
receiving  identical  treatment  the  erosion  and  run-olF  on  one  is  nearly 
two  and  one-half  times  that  on  the  other.  (Plots  5  and  8.)  The  dif- 
ference in  the  erosion  ratios  and  in  the  other  properties  of  tliese  two 
plots  (Table  4)  give  no  indicntion  of  the  cause  of  tliese  differences. 
The  erosion  per  inch  of  riin-otl'  is  ]:)ractical]y  tlie  same  in  each  case, 
which  is  in  accord  with  the  physical  and  chemical  data.  The  causes 
of  these  variations  and  discrepancies  are  not  known  at  present.  It 
is  possible  that  they  may  disappear  in  later  data:  if  so,  they  may  be 
ascribable  to  local  variations  in  treatment  or  in  the  establishment  of 
the  plots.  The  grass  plot  (No.  G)  had  the  most  erosion  of  any  of 
the  plots.  However,  this  erosion  all  occurred  in  the  first  half  of  the 
year  and  no  doubt  was  caused  by  difficulty  in  getting  the  grass  estab- 
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lished.  The  effect  of  this  is  more  or  less  counterbalanced  in  the 
average  by  plot  3,  where  the  tank  overflowed  during  the  most 
destructive  rain  of  the  year. 

Colby  silty  clay  loam  (Table  S)  has  the  lowest  annual  rainfall, 
the  lowest  quantity  of  erosion,  and  the  lowest  erosion  per  inch  of  run- 
off of  the  four  soils  considered.  The  surface  horizon  of  the  plots, 
however,  has  a  higher  erosion  ratio  than  that  of  the  Houston  soil  and 
a  much  lower  ratio  than  have  the  Vernon  and  Kirvin  soils.  The 
Houston  and  Colby  are  both  calcareous  soils,  but  the  surface  soil  of 
the  Colby  is  much  lower  in  carbonates  than  the  Houston  surface  soil, 
the  variation  noted  may  therefore  undoubtedly  be  ascribed  to  the 
effect  of  the  high  carbonate  content  on  the  structure  of  the  Houston 
soil.  The  erosion  ratio  for  the  desur faced  plot  (No.  10)  is  not  only 
higher  than  for  the  corresponding  depth  of  the  normal  plots,  but  is 
also  higher  than  for  the  surface  layers  of  the  same  plots.  Neverthe- 
less, its  actual  loss  by  erosion  is  less  than  that  of  plot  5  and  greater 
than  that  of  plot  3,  which  have  received  identical  cultural  treatment. 
It  may  again  be  assumed  that  the  exposure  of  the  subsurface  soil  has 
resulted  in  structural  alterations  affecting  its  erosional  behavior.  It 
is  to  be  noted  that  the  upper  layer  of  the  desurfaced  plot  has  an 
erosion  ratio  approximately  threefold  that  of  the  material  at  approxi- 
mately like  depth  in  the  profile  sample  (Table  4). 

Vernon  fine  sandy  loam  (Table  9)  has  nearly  the  same  percent- 
age of  run-oft'  and  total  erosion  as  the  Houston  soil,  with  practically 
the  same  total  quantity  of  rainfall.  The  ^'ernon  soil  is  on  a  steeper 
slope,  which  produces  more  erosion  per  inch  of  run-off'  on  the  cotton 
plots  than  on  the  cotton  plots  of  the  Houston  soil.  The  erosion 
ratio  of  the  Vernon  is  more  than  double  that  of  the  Colby,  and  the 
average  erosion  is  nearly  five  times  as  much.  On  plots  receiving 
somewhat  similar  treatment,  such  as  the  oat  and  grass  plots  on  the 
Vernon  soil  as  compared  to  the  wheat  and  grass  plots  on  the  Colby, 
the  erosion  is  practically  the  same,  with  the  Vernon  showing  less 
erosion  per  inch  of  run-off.  However,  the  bare  plot  on  the  Vernon 
shows  two  and  one-half  times  as  much  erosion  as  the  fallow  plot 
on  the  Colby.  Taking  the  differences  of  slope,  rainfall,  crop  con- 
ditions, and  treatment  into  consideration,  it  is  evident  that  the 
Vernon  is  a  much  more  erosive  soil  than  the  Colb}^,  as  is  indicated 
by  their  erosion  ratios. 

The  desurfaced  plot  on  the  Vernon  soil  (plot  9)  shows  an  unusual 
quantit}^  of  run-off  and  erosion,  considering  its  erosion  ratio  and 
other  physical  properties.  The  erosion  per  inch  of  run-off'  is  the 
same  as  for  the  normal  plot  3.  We  are  not  able  to  oft'er  a  satisfactory 
explanation  for  this  at  present.  It  will  be  very  interesting  to  see 
whether  these  differences  continue  to  appear  in  successive  years. 

The  data  for  Kirvin  fine  sandy  loam  (Table  10)  cover  only  a 
part  of  a  year,  but  they  indicate  that,  considering  the  slope,  the 
erosion  ratio,  and  the  high  erosion  per  inch  of  run-off,  this  soil  is 
highly  erosive.  The  dispersion  ratio,  colloid-moisture  equivalent 
ratio,  and  erosion  ratio  of  the  exposed  horizon  of  the  desurfaced 
plots  are  all  within  the  limits  tentatively  established  for  nonerosive 
soils.  The  limited  data  show  that  these  plots  erode  markedly  less 
than  any  of  the  normal  plots,  regardless  of  treatment. 


48         TECHNICAL  BULLETIN    316,   U.   S.   DEPT.   OF  AGRICULTURE 

GENERAL  REMARKS 

The  data  presented  in  this  bulletin  concerning  the  chemical  and 
physical  properties  of  the  soils  on  which  erosion  experiment  stations 
have  been  established  represent  the  beginning  of  an  intensive  labo- 
ratory study  of  the  properties  of  soils  which  affect  erosion  and  of 
the  effect  of  erosion  on  soils.  xVs  the  experiments  proceed,  these 
data  will  be  used  as  the  basis  to  which  future  analyses  will  be  re- 
ferred in  order  to  determine  the  changes,  if  any,  which  are  brought 
about  in  the  soil  by  erosion.  It  is  evident  that  when  the  chemical 
and  physical  properties  are  uniform  throughout  the  soil  profile, 
as  in  the  Colby,  Houston,  Marshall,  and  Palouse  soils,  erosion  will 
not  extensively  change  the  fundamental  properties  of  these  soils. 
The  greatest  change  will  be  in  the  loss  of  organic  matter  from  the 
surface  soil,  with  consequent  changes  in  water-holding  capacity, 
plasticity,  and  structure.  In  the  soils  which  are  not  uniform 
throughout  their  profiles,  greater  changes  may  be  expected,  particu- 
larly where  the  surface  soil  is  of  a  sandy  texture.  It  is  to  be  ex- 
pected that  the  removal  of  the  surface  soil  will  ultimately  result 
in  the  present  subsoil  becoming  the  surface  layer,  except  as  the  sub- 
soil itself  may  be  modified  by  erosion.  This  transformation  will  be 
gradual  and  will  be  greatly  modified  by  cultural  practices.  With 
the  present  data  and  reserve  material  for  future  determinations,  it 
will  be  possible  to  follow  these  progressive  changes. 

There  will  undoubtedly  be  great  differences  in  the  quantity  of 
erosion  which  takes  place  on  the  different  soils  and  on  the  same  soils 
with  different  crop  and  fertilizer  treatments.  The  field  data  at  the 
time  of  writing  this  report  are  too  meager  to  warrant  the  drawing 
of  any  definite  conclusions.  It  is  recognized,  however,  that  any 
quantitative  estimate  of  the  validity  of  the  laboratory  data  must  be 
based  on  the  field  data  when  they  shall  have  been  obtained  in  ade- 
quate quantity.  From  the  laboratory  data  at  hand  it  is  possible 
to  predict  with  a  high  degree  of  certainty  the  type  of  erosion  which 
will  occur  on  a  given  soil  tj'pe.  It  is  also  possible  to  predict  which 
part  of  the  pronle  will  be  most  susceptible  or  most  resistant  to  ero- 
sion. However,  it  is  not  possible  to  estimate  the  quantity  of  erosion, 
owing  to  differences  in  slope,  quantity  and  character  of  rainfall, 
and  type  of  agriculture.  The  whole  investigation  points  to  the 
urgent  need  for  some  method  of  ascertaining  the  relationship  be- 
tween structure  and  seasonal  changes  in  structure  and  erosional  be- 
havior. It  is  probable  that  a  com])]ete  picture  should  also  include 
determinations  of  plasticity,  percolation,  and  shrinking  and  swell- 
ing. It  is  highly  probable  that  some  determinations  of  this  kind, 
together  with  the  data  reported  herewith,  may  be  correlated  with 
the  field  data  when  available  so  that  an  adequate  approximation  of 
the  field  erosional  behavior  of  soils  may  be  made  which  will  be 
extremely  valuable  in  determining  the  need  for,  and  methods  of, 
erosion  control  in  areas  where  for  any  reason  the  establishment  of 
field  stations  is  impossible. 

SUMMARY 

Mechanical  analyses  and  gross  chemical  analyses  have  been  made 
of  representative  ])rofile  samples  of  each  of  the  soil  types  on  which 
erosion  experiment  stations  have  been  established. 
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Detailed  chemical  analyses  of  the  colloids  of  each  soil  type  have 
been  made. 

The  physical  characteristics  affecting  erosional  behavior  have  been 
determined  and  a  study  made  of  their  relation  to  each  other,  to 
the  chemical  composition  of  the  colloid,  and  to  field  erosional  behav- 
ior, so  far  as  the  latter  is  known  at  the  present  time. 

The  physical  characteristics  of  composite  samples  from  each  tank 
plot  at  six  of  the  stations  have  been  determined. 

An  analytical  basis  has  been  established,  to  which  may  be  re- 
ferred the  future  field  behavior  of  these  soils  when  it  has  been 
determined,  so  that  a  quantitative  expression  of  anticipated  behavior 
may  be  developed. 

The  need  for  accurate  quantitative  expression  of  the  effect  of  soil 
structure  on  erosional  behavior  has  been  pointed  out. 
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AREA  SURVEYED 


St.  Croix,  the  largest  of  the  American  Virgin  Islands,  lies  in  the 
Tropical  Zone,  between  64°  34'  and  64°  54'  west  longitude,  with  a 
mean  north  latitude  of  17°  44'.     (Fig  1.)     It  is  slightly  more  than 
22  miles  long  in  a  nearly  east-west  direc- 
tion and  includes  a  land  area  of  about 
82  square  miles.    The  western  half  of  the 
island  averages  nearly  6  miles  in  width, 
but  the  eastern  half  tapers  to  a  point.    St. 
Thomas,  the  nearest  large  island,  lies  40 
statute  miles  to  the  north. 

The  island  may  be  roughly  divided  into 
four  principal  physiogra])hic  divisions  as 
follows:^  (1)  The  northwestern  moun- 
tainous area,  (2)  the  southwestern  and 
gouth-central  coastal  plain,  (3)  the  north- 
central  hilly  area,  and  (4)  the  eastern 
mountainous  area.  These  areas  will  not 
be  further  delineated  as  the  reader  may 
readily  gain  a  full  understanding  of  them 
by  consulting  the  accompanying  topo- 
graphic and  soils  map. 

The  mountainous  areas  include  some  lands  that  have  sufficiently 
gentle  slopes  to  allow  cultivation,  and,  in  the  northwestern  moun- 
tainous section,  they  also  include  small  alluvial  valleys  which  abut 

1  Kemp,  J.  F.  introduction  to  the  geology  of  the  virgin  islands.  In  Scientific 
Survey  of  Porto  Rico  and  the  Virgin  Islands.     N.  Y.  Acad.  Sci.,  v.  4,  pt.  1.     1927. 

MEYERHOFF,    H.    a.       physiography    of    the    VIRGI.\    islands     and    of    the    PORTO    RICAN 

ISLANDS^  VIEQUES  AND  cuLEBRA.     In  Scientific  Survey  of  Porto  Rico  and  the  Virgin  Islands. 
is.  Y.  Acad.  Sci.,  v.  4,  pts.  1  and  2.     1927. 
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Figure  1. — Sketch  map  show- 
ing location  of  St.  Croix  Is- 
land,  Virgin   Islands 
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on  the  sea  or  on  the  adjacent  coastal  plain.  The  coastal  plain  is  pre- 
vailingly flat  and  has  a  gentle  seaward  slope.  A  few  rounded  lime- 
stone hills  interrupt  the  smooth  topography.  The  inner  margin  of 
the  plain  is  covered  by  a  series  of  broad  alluvial  fans  extending  out 
from  the  mountains.  The  north-central  hilly  area  consists  chiefly 
of  rounded  limestone  hills  and  narrow  flat  valleys.  Most  of  the 
small  valleys  and  some  of  the  hillsides  are  under  cultivation,  but 
much  of  this  hillside  land  is  too  steep  for  the  economic  production 
of  crops  except  forest  trees  and  pasture  grasses. 

Natural  drainage  in  the  mountainous  areas  ranges  from  good  to 
excessive,  but  in  some  places  on  the  flat  coastal  plains  drainage  is 
rather  poor.  Where  the  soils  are  underlain  by  soft  marly  limestones 
local  underdrainage  is  sufficient  to  take  care  of  all  normal  precipita- 
tion. In  scattered  places  along  the  seacoast  are  many  areas  of  land, 
most  of  them  bordering  lagoons,  which  have  very  poor  natural  drain- 
age and  which,  as  a  consequence,  have  accumulated  harmful  quan- 
tities of  soluble  salts. 

The  general  level  of  the  mountain  tops  of  St.  Croix  is  between  600 
and  800  feet  above  sea  level.  Mount  Eagle,  the  highest  peak,  ex- 
tends to  an  altitude  of  1,165  feet.  The  central  hillj^  part  of  the 
island  has  a  maxinmm  elevation  of  nearly  600  feet.  The  coastal 
plain,  where  it  abuts  against  the  mountains,  ranges  in  altitude  from 
100  to  200  feet  and  has  a  long  flat  seaward  slope.  In  a  few  places  on 
the  seaward  edge  of  the  coastal  plain  are  low  sea-cut  cliffs,  few  of 
wliich  exceed  20  feet  in  height. 

The  natural  vegetation  of  the  island  varies  somcAvhat  in  different 
parts.  The  northwestern  mountainous  region  supports  a  fairly  dense 
tropical  forest  in  the  areas  that  have  never  been  cleared.  The  indi- 
vidual trees  are  not  large,  but  the  undergrowth  of  thorny  bushes  and 
shrubs  is  so  dense  that  penetration  is  extremely  difficult.  A  large 
amount  of  tlie  original  timber  has  been  cut  and  made  into  charcoal. 
I'ncultivated  parts  of  the  coastal  plain  are  either  grown  up  to  thorny 
brush  or  have  been  planted  to  pasture  grasses,  "  Hurricane  grass, 
which  is  considered  of  inferior  feeding  quality,  has  recently  been 
spreading  rapidly  over  the  southwestern  coastal  plain  and  adjacent 
mountainous  regions.  Unless  checked  it  bids  fair  to  choke  out  other 
valuable  grasses  and  perhaps  may  even  replace  some  of  the  timber. 
In  the  eastern  mountainous  part  of  the  island  is  a  vast  area  of  land 
that  is  so  densely  covered  with  thorny  bushes  and  cacti  that  it  can 
be  peneti'ated  only  by  goats.  The  brush  has  been  cleared  away  in 
some  places  and  the  land  planted  to  pasture  grasses,  but  the  brush 
retakes  the  land  within  a  few  j'ears  unless  the  owner  wages  a  con- 
stant battle  against  the  young  bushes  which  rapidly  shoot  up.  The 
chief  vegetation  in  the  central  hilly  part  of  the  island  consists  of 
thorny  brush  with  here  and  there  groves  of  mahogany  trees  which 
were  introduccMl  into  the  island  a  lon<r  time  ajxo.^ 

St.  Croix  Island  was  discovered  by  Christopher  Columbus,  who 
landed  at  the  month  of  Salt  llivor  in  1493.  It  was  suliscqiiently 
owned  i)y  the  Dutch,  British,  and  Spanish.  In  1051  it  was  taken  by 
the  Fi-encli  and  ])resented  in  1658  to  the  Knights  of  Malta.    Denmark 


»  BaiTTON,  N.  L..  .ind  Wilson,  P.  DEScRirrivB  flora — sperm atophyta.  In  Scientific 
Survey  of  Porfo  Rico  and  the  Vircrin  IsImikIs.  N.  V.  Acad  Sci  v  r>  nt  2  l!V^4  •  v  fi. 
pi.    1.   I!i2r..  '  .    I.      •»  .    V.   t», 
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purchased  it  in  1737,  and  from  that  country  it,  with  the  other  Ameri- 
can Virgin  Islands,  was  purchased  by  the  United  States  in  1917.  For 
a  long  time  all  the  labor  of  the  island  was  performed  by  ne^ro  slaves, 
but  slavery  was  abolished  in  1848  after  a  violent  insurrection.^^  The 
natives  were  granted  full  citizenship  in  1927. 

According  to  the  1930  census  report,  84:  per  cent  of  the  inhabitants 
of  St.  Croix  Island  are  negroes,  12.1  per  cent  are  of  mixed  blood,  and 
3.6  per  cent  are  white.  In  1930,  St.  Croix  Island  had  a  total  popula- 
tion of  11.413,  a  decrease  of  3,488  since  1917.  The  decrease  is  chiefly 
owing  to  emigration  to  the  United  States.  There  are  only  two  cities 
on  the  island,  Christiansted  (locally  known  as  Bassin),  with  a  pop- 
ulation of  3,7G7,  and  Frederiksted  (locally  known  as  Westend),  with 
a  population  of  2,698. 

The  Virgin  Islands,  from  the  time  of  their  purchase  until  the 
spring  of  1931,  were  governed  by  the  United  States  Department  of 
the  Navy.  Since  that  time  the  Department  of  the  Interior  has  taken 
over  the  government,  and  a  civilian  governor  has  been  appointed  by 
the  President.  Laws  for  the  municipality  of  St.  Croix  Island  ai"e 
made  by  the  colonial  council  which  consists  of  a  majority  of  elected 
members  and  a  minority  of  appointed  members. 

A  A^ery  good  system  of  public  roads,  most  of  which  have  been 
surfaced  with  gravel,  spreads  over  the  island.  Most  of  the  sugar- 
cane is  hauled  from  the  fields  in  small  carts  drawn  by  oxen, 
mules,  or  donkeys,  loaded  on  trucks  and  trailers,  and  hauled  to  the 
mill.  Vegetables,  fruits,  and  small  articles  of  merchandise  are 
hauled  in  small  2-wheeled  carts  drawn  by  donkeys  or  small  mules. 
A  bus  line  carries  passengers  between  the  two  cities,  and  there  are 
several  j^rivately  owned  motor  cars.  Most  of  the  roads  are  in 
fairly  good  repair.  One  steamship  a  week  brings  passengers  and 
mail  from  Puerto  Rico  and  St.  Thomas.  Several  ocean  freighters 
and  passenger  vessels  stop  at  irregular  intervals  at  Frederiksted  for 
passengers  and  freight.  Many  sloops  and  schooners  ply  between  St. 
Croix  and  the  neighboring  islands,  carrying  mail,  cattle,  freight,  and 
passengers. 

There  are  no  factories  of  great  importance  on  St.  Croix  Island.  At 
present  (1931)  one  factory  at  La  Grange  is  producing  sugar,  and  a 
small  factory  at  Orangegrove  produces  commercial  alcohol  from 
molasses.  In  the  cities  a  few  joiners  make  very  beautiful  furniture 
from  mahogany  and  other  tropical  woods,  but  this  industry  is  carried 
on  in  a  very  desultory  fashion.  Fishing  for  fish,  sea  crawfish,  turtles, 
and  other  sea  food  is  carried  on,  and  this  industry  could  well  be 
extended.  Many  kinds  of  excellent  fish  abound,  which  should  pro- 
vide a  larger  proportion  of  the  food  of  the  people  than  at  present. 

CLIMATE 

Climatic  data  have  been  collected  intermittently  over  a  long  period 
of  years,  but  there  are  so  many  gaps  in  the  records  that  it  is  impos- 
sible to  obtain  an  accurate  idea  of  average  figures  for  the  different- 
parts  of  the  island.  Table  1  gives  the  available  climatic  data  for 
Christiansted,  and  Table  2  gives  the  mean  precipitation  for  other 
stations  on  the  island. 


« Encyclopedia  Britannica.     Ed.  14,  v.  19,  p.  825 ;  and  v.  23,  p.  190-191,  illus. 
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Table  1. — Normal  monthly,  seasonal,  and  annual  temperature  and  precipitation 

at  Christ ionsted,  St.  Croix  Island 


December. 

January... 
February.. 


Winter. 


March. 
April.. 
May... 


Spring. 


June 

July... 
August. 


Summer - 


September. 

October 

November. 

FaU.. 

Year. 


[Elevation,  25  feet] 


Month 


Temper- 
ature, 
mean 


77.5 
73.4 
73.0 


Precipitation 


Mean 


Inches 
2.44 
2.28 
1.54 


74.6 


6.26 


74.5 
76.8 
78.8 


76.7 


1.62 
1.58 

2.64 


Total 
amount 
for  the 
driest 
year 
(1922) 


Inches 
3.  .57 
1.69 
2.55 


Total 

amount 

for  the 

wettest 

year 

(1927) 


7.81 


1.95 
.45 
.49 


5.84 


2.89 


80.4 
81.6 
82.8 


2.06 
3.14 
4.69 


81.6 


9.89 


81.6 
81.0  i 
78.4  1 


6.75 
5.04 
4.93 


80.3 


16.72 


78.3 


38.71 


3.00 
1.44 
2.21 


6.65 


9.46 


26.81 


Inches 
1.32 
2.43 
1.59 


5.34 


2.40 
2.49 
5.85 


10.74 


1.59 
5.40 
2.01 


9.00 


4.83  !  10.74 

3.91  I  8.88 

.72  6. 09 


25.71 


50.79 


Table  2. — Mean  monthly,  seasonal,  and  annual  precipitation  at  Ammly,  Experi- 
ment Station,  Frederiksted,  Bonne  Esperance,  and  King's  Hill,  St.  Croix 
Island 


Month 

Annaly 

Experi- 
ment Sta- 
tion 

Frederik- 
sted 

Bonne 
Esper- 
ance 

King's 
Hill 

December 

Inches 
3.70 
3.60 
3.01 

Inches 
2.79 
2.70 
1.99 

Inches 
3.82 
2.79 
2.  5S 

Inches 
2.87 
2.68 
1.94 

Inches 
2  72 

January 

2  50 

February _ 

2  44 

Winter 

10  31 

7.48 

9.19 

7.49 

7  66 

March . . 

2.46 
3.19 
3.67 

2.35 
1.77 
2.60 

2.57 
2.23 
3.28 

L83 
1.85 
2.53 

2  10 

April 

1  98 

May .      .  . 

2  78 

Spring 

9.22 

6.72 

8.08 

6.21 

6  86 

June 

2.93 

4.48 
5.85 

2.09 
3.39 
4.62 

2.53 

4.18 
4.49 

2.40 
3.22 
4.36 

2  76 

July 

3  06 

August _                           

3  88 

SiimiPfH". 

13.26 

10.10 

11.20 

9.98 

9  70 

September 

6.39 
7.51 
5.20 

6.78 
5.09 
4.76 

6.50 
5.90 
5.78 

6.72 
5.  .56 
5.  34 

5  90 

October 

4  6-1 

Koveniber 

4  95 

Fall...                             .   .   . 

19.10 

16.63 

18.18 

17.62 

15  49 

Year 

61.89 

40.93 

46.65 

41.30 

39  71 
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The  total  amount  of  precipitation  varies  greatly  from  place  to 
place  and  from  year  to  year.  The  rainfall  is  fairly  well  distributed 
throughout  the  year,  but  the  average  for  the  fall  is  greater  than  for 
any  other  season.  The  precipitation  is  heavier  in  the  western  end  of 
the  island,  especially  in  the  mountainous  country  near  Annaly,  than 
it  is  in  the  central  and  eastern  parts.  The  precipitation  rapidly  de- 
creases toward  the  eastern  point  of  land,  and  the  vegetation  in  that 
part  of  the  island  is  very  similar  to  the  bushy  growths  characteristic 
of  the  arid  regions  of  the  southwestern  part  of  the  United  States. 
The  prevailing  winds  are  slightly  north  of  east.  This  is  indicated 
by  the  direction  in  which  the  bushes  and  trees  on  exposed  slopes  have 
been  forced  to  grow  on  account  of  the  nearly  constant  trade  winds. 
The  branches  and  tops  of  the  majority  of  these  trees  and  bushes  point 
nearlv  due  west. 

AGRICULTURE 

In  the  early  days  St.  Croix  Island  was  a  very  important  center 
for  the  manufacture  of  sugar,  molasses,  and  rum,  and  it  was  mainly 
to  these  products  that  she  owed  her  wealth.  Since  the  passing  of  the 
eighteenth  amendment  the  commercial  manufacture  of  rum  has 
ceased.  The  curtailment  of  its  production  probably  has  little  effect 
on  the  income  of  the  islanders  at  present,  as  rum  prices  have  been 
so  low  during  the  last  few  years  that  neighboring  islands  have  been 
able  to  make  little  or  no  profit.  During  the  World  War  good  profits 
were  made  on  sea-island  cotton,  but  the  pink  bollworm  and  recent  low 
cotton  prices  have  driven  the  production  of  this  commodity  entirely 
from  the  island.  At  the  present  time  (1931)  agricultural  production 
seems  to  have  struck  the  lowest  possible  ebb  other  than  the  total 
abandonment  of  the  island. 

The  descendants  of  the  negro  slaves  furnish  the  labor  necessary 
for  the  production  of  agricultural  crops.  The  common  wage  ranges 
from  50  to  60  cents  a  day,  but  skilled  laborers  are  paid  somewhat 
higher  prices.  At  present  there  is  much  unemployment  on  the 
island,  owing  to  the  fact  that  many  of  the  estates  are  not  in  operation 
and  to  the  decline  of  the  sugar  industry. 

Of  the  total  land  area  of  the  island  87.4  per  cent  is  included  in  193 
farms.  The  average  size  of  farms  is  244.3  acres.  In  1930,  owners 
operated  47.2  per  cent  of  the  farms;  tenants,  35.7  per  cent;  and 
managers,  17.1  per  cent.  The  greatest  number  of  farms  (77)  are  in 
the  group  ranging  in  size  from  3  to  9  acres.  Only  11  holdings  in- 
clude 1,000  or  more  acres  at  the  present  time. 

Many  of  the  larger  estates  were  established  long  ago.  The  owners 
built  beautiful  and  substantial  palatial  homes  of  stone  and  sur- 
rounded them  with  Avell-built  quarters  for  their  slaves.  On  most 
estates,  two  or  three  large  windmills  were  used  for  grinding  sugar- 
cane, and  there  was  a  building  in  which  to  boil  the  juice.  Most  of 
these  old  estates  are  now  in  ruins.  All  that  remains  of  the  old  wind- 
mills are  the  massive  stone  towers,  which  so  far  have  defied  the  ele- 
ments. A  few  of  the  estates  are  kept  in  good  repair  by  their  resi- 
dent owners,  but  it  may  safely  be  said  that  unless  there  is  a  revival 
of  agriculture  in  the  near  future,  most  of  the  farm  buildings  and 
equipment  will  be  beyond  reclamation. 
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Among  the  agricultural  products  in  1929,  sugarcane  occupied  the 
largest  acreage.  (PI.  1,  A.)  Guinea  grass  is  the  principal  grass 
grown.  (PL  1,  B.)  In  1929,  only  19  acres  were  devoted  to  corn,  14 
to  sweetpotatoes  and  yams,  and  19  acres  to  onions.  Other  vege- 
tables grown  for  sale  include  cabbage,  eggplant,  green  beans,  okra, 
peppers,  squash,  and  tomatoes. 

Much  of  the  farming  is  done  by  hand  labor,  partly  because  of  the 
prevalence  of  low-priced  labor  and  partly  because  the  operators  of 
small  farms  are  unable  to  buy  machinery.  Some  modern  machinery 
is  being  used  in  connection  with  the  production  of  sugarcane.  Draft 
animals  include  oxen,  donkeys,  mules,  and  a  few  horses. 

The  island  is  well  supplied  with  churches  and  schools.  Native 
teachers  are  employed  chiefly. 

The  principal  agricultural  industry  of  the  island  is  the  raising  of 
cattle.  The  animals  are  chiefly  of  the  breed  introduced  by  the  Span- 
iards into  Puerto  Rico  and  other  West  Indian  Islands.  These  animals 
are  used  for  work  animals  and  to  a  certain  extent  for  dairy  pur- 
poses. On  many  estates  they  are  being  crossed  with  Brahman  cattle 
which  are  immune  to  tick  fever.  The  bullocks  are  used  for  work 
animals  on  the  island,  and  some  are  shipped  to  Puerto  Rico  for  the 
same  purpose.  Many  cattle  are  sold  to  Puerto  Rico  dealers  to  be 
used  for  beef.  Extensive  areas  of  hill  land  in  the  eastern  part  of 
the  island  have  been  cleared  and  planted  to  pasture  to  support  the 
cattle  industry,  and  there  are  also  large  areas  of  good  pasture  land 
in  the  southern  and  southwestern  parts  of  the  coastal  plain  and  in 
the  hills  near  Two  Williams.  The  cattle  industry  could  be  greatly 
extended  without  greatly  disturbing  the  arable  lands  by  clearing 
off  brushy  areas  in  the  eastern  and  other  hilly  parts  of  the  island. 
At  present,  the  dairy  industry  is  unimportant,  but  it  prol)ably  could 
be  profitably  extended. 

A  few  horses  for  riding  and  mules  for  working  are  bred,  but  this 
industry  is  not  important.  There  are  a  great  many  donkeys  on  the 
island.  They  are  used  for  pulling  small  carts,  for  packing,  and  for 
riding  to  a  limited  extent.  Most  farmers  have  a  few  chickens  and 
hogs,  which  are  raised  mainly  for  home  consumption.  One  fair- 
sized  herd  of  sheep  was  observed.  These  animals  are  raised  for  food 
and  produce  a  good  quality  of  mutton.  There  are  many  goats  in 
the  eastern  part  of  St.  Croix  Island  and  on  Buck  Island. 

If  all  parts  of  the  sugarcane  plant  except  the  commercial  product, 
sugar,  could  be  returned  to  the  soil,  there  would  be  very  little  need 
for  the  use  of  fertilizers  on  most  sugarcane  soils,  as  sugar  itself  re- 
moves very  little  from  the  soil,  being  composed  only  of  carbon,  hydro- 
gen, and  oxygen,  none  of  which  comes  from  the  soil.*  However, 
molasses,  which  is  sold,  bagasse  which  is  burned,  tops  which  are  fed 
or  burned,  and  leaves,  which  in  St.  Croix  are  generally  burned,  all 
contain  plant-food  elements  removed  from  the  soil.  Thus,  it  is 
ap|)arent,  constant  de})k'tion  of  the  soil  of  the  island  is  in  progress. 

In  past  years  it  has  been  the  practice  to  apply  from  20  to  30  tons 
of  farmyard  manure  an  acre  each  time  a  new  crop  of  sugarcane  is 
planted.     The  manure  included  cane  trash  or  leaves,  weeds,  the  re- 

*  Information  on  fertilization  and  preparation  of  the  land  on  St.  Croix  Island  Is  fur- 
nished b.v  M.  S.  Baker,  former  agronomist  at  the  ^'irsin  Islands  Aeriiultur.il  E.'cperimont 
Station,  St.  Croix. 
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mains  of  grass,  and  cane  tops  hauled  to  the  pens  for  feed,  in  addition 
to  the  excreta  of  the  animals.  Farmyard  manure  applied  at  this 
rate  will  supply  adequate  plant  food,  but,  with  the  advent  of  tractors 
and  modern  farm  machinery,  there  is  not  sufficient  manure  to  meet 
the  demand.  It  has  been  suggested  that  the  cane  growers  buy  manure 
from  the  cattlemen,  but  the  cattlemen  do  not  pen  their  livestock  but 
allow  them  the  run  of  the  pastures  which  need  the  manure  thus  sup- 
plied. The  planter  should  use  all  the  available  manure  because  it 
contains  the  essential  plant  foods,  acts  as  an  indirect  fertilizer  in 
liberating  plant  food  already  in  the  soil,  and  adds  humus  to  the  soil, 
thereby  improving  the  physical  condition  and  increasing  the  water- 
holding  capacity,  a  factor  of  much  importance  in  the  Virgin  Islands. 

Naturally  when  the  supply  of  farmyard  manure  is  not  available  in 
sufficient  quantities,  the  question  of  substitutes  arises.  The  only 
substitute  for  farmyard  manure  is  a  green-manure  crop,  preferably 
a  leguminous  crop,  to  be  plowed  under.  However,  the  practice  of 
growing  such  crops  is  not  followed  by  St.  Croix  planters,  largely 
because  of  weather  conditions,  which  have  not  been  considered  suit- 
able for  the  planting  of  such  crops  before  cane-planting  time.  De- 
pending on  rainfall,  there  are  from  three  to  five  months  during  which 
green-manure  crops  could  be  planted.  Probably  the  sugarcane 
planter  would  eventually  be  much  better  off  if  he  rotated  his  cane 
with  such  crops,  even  though  he  were  to  lose  the  use  of  a  small 
part  of  his  acreage  during  one  planting  season. 

Crotalaria  jvmcea^  cowpeas,  velvetbeans,  jack  beans,  and  pigeon 
peas,  named  in  the  order  of  their  importance,  are  all  good  green- 
manure  crops  that  could  and  should  be  grown.  C,  juncea  is  ready 
for  turning  under  60  days  after  planting,  with  8I/2  tons  of  green  mat- 
ter an  acre ;  cowpeas  and  velvetbeans  in  75  days,  with  10  to  14  tons  an 
acre;  and  jack  beans  in  90  days,  with  7i/^  tons.  Several  native  legu- 
minuous  plants,  that  promise  to  be  of  value,  are  under  observation. 

Experiments  with  fertilizers  carried  on  at  the  experiment  station 
several  years  ago  indicated  that  the  use  of  commercial  fertilizer  was 
not  profitable,  owing  to  the  prevailingly  dry  weather,  and  at  present 
commercial  fertilizers  are  not  used  by  St.  Croix  sugar  planters.  If 
irrigation  were  practiced,  commercial  fertilizers  would  undoubtedly 
prove  profitable.  Near-by  cane-growing  areas  are  benefiting  from 
applications  of  commercial  fertilizers. 

When  the  final  crop  of  cane  has  been  removed  from  the  land,  prep- 
aration begins  for  the  next  planting  which  is  to  remain  on  the  land 
for  at  least  32  months.  All  trash  left  on  the  land,  together  with  what 
little  vegetable  matter  there  may  be,  is  generally  burned.  This  is 
bad  practice,  because  it  destroys  plant  food  and  humus.  After  the 
trash  has  been  burned,  the  land  is  turned  to  a  depth  of  8  or  10  inches. 
A  large  part  of  this  work  is  still  done  with  oxen,  usually  8  oxen 
drawing  an  ordinary  moldboard  plow.  Two  teams  a  day,  morning 
and  afternoon,  are  required,  making  16  oxen  and  three  men  a  day  for 
each  plow  used.  This  outfit  will  turn  from  one-half  to  three-fourths 
acre  a  day.  On  the  holdings  of  the  West  Indian  Sugar  Co.,  tractors, 
as  well  as  oxen,  are  used  for  this  work,  but  the  equipment  of  these 
farms  does  not  allow  all  the  land  to  be  broken  with  tractors.  Renters 
of  small  plots  turn  and  prepare  their  land  by  hand,  using  spading 
forks. 
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After  breaking,  the  land  is  harrowed  and  then  either  thrown  into  a 
series  of  high  ridges,  called  banks,  or  marked  off  with  shallow  fur- 
rows. The  last  method,  which  is  the  most  desirable,  is  becoming 
more  and  more  popular.  The  rows  are  spaced  41/2  or  5  feet  apart 
and  the  cane  cuttings  planted  21/2  or  3  feet  apart  in  the  bottom  of  the 
furrows  in  single  rows. 

Most  of  the  cane  is  planted  between  September  and  December,  but 
it  may  be  profitably  planted  until  the  middle  of  January.  During 
the  normal  planting  season,  September  to  December,  practically  the 
whole  cane  is  used  for  planting.  Each  stick  or  cane  is  cut  into  pieces 
having  from  two  to  four  eyes.  If  cane  is  planted  during  the  dry 
season  so-called  "  tops  "  are  preferred.  These  consist  of  the  upper 
four  or  five  joints  of  the  cane  stick  from  which  the  growing  point  has 
been  cut  away.  From  3,600  to  5,000  of  these  cuttings  are  planted  to 
the  acre.  The  "  plant  tops,"  as  these  pieces  of  cane  are  called,  are 
planted  by  hand,  the  workman  using  either  a  pickax  or  a  crowbar 
with  which  to  open  a  hole  in  the  bottom  of  the  furrow.  Into  these 
holes  he  slips  the  plant  tops.  One  man  will  plant  about  3,000  tops 
a  day. 

SOILS  AND  CROPS 

Since  the  first  settlement  by  white  men,  St.  Croix  has  been  almost 
entirely  an  agricultural  island.  For  a  long  time  sugarcane  was  the 
only  commercial  crop  of  importance.  It  was  used  for  the  manufac- 
ture of  sugar  and  rum.  The  cane  juices  were  extracted  by  mills 
operated  by  wind  power,  and  the  raw  sugar  was  extracted  from  these 
juices  in  old-fashioned  open  pans.  Later,  more  efficient  machines 
were  introduced,  but  even  these  are  now  out  of  date,  according  to 
present  standards  of  efficiency.  Although  the  soils  are  admirably 
adapted  to  sugarcane,  the  comparatively  dry  climate  and  persistent 
droughty  weather  over  a  period  of  years  has  greatly  reduced  the 
yields,  and  recent  low  sugar  prices  have  prevented  capitalists  from 
investing  their  money  in  new  machinery  or  in  the  production  of  cane 
on  a  large  scale.  In  consequence,  the  cane-growing  industry  is  rap- 
idly diminishing  in  volume.  The  soils  of  the  island  are  well  suited 
to  sea-island  cotton,  and  good  yields  can  be  produced  with  much  less 
water  than  can  sugarcane,  but  the  appearance  of  the  pink  boUworm, 
together  with  reduced  prices  for  the  staple,  have  forced  the  planters 
to  abandon  this  crop  temporarily.  Very  recent  investigations  by 
entomologists  have  shown  the  bollworm  to  have  been  so  nearly  ex- 
terminated by  closed  seasons  on  cotton  growing  that  an  attempt  is 
to  be  made  by  the  Federal  experiment  station,  cooperating  with  the 
planters,  to  produce  a  crop  of  cotton  on  a  small  acreage  in  the  ■near- 
future. 

Many  different  vegetables  and  tropical  fruits  have  been  success*^ 
fully  grown  and  could  be  produced  in  large  quantities  if  a  profitable 
market  could  be  found.  Tomatoes,  beans,  peppers,  bananas,  sapo- 
dillas,  avocados,  pineapples,  and  citrus  fruits  do  well  in  certain  parts 
of  the  island.  A  nunibor  of  thrifty-looking  date  trees  were  observed 
in  various  parts  of  the  ishmd.  These  trees  are  said  to  produce  a 
fair  quality  of  fruit,  and  it  would  seem  advisable  to  experiment  with 
different  proved  varieties  witii  a  view  to  growing  dates  on  a  larger 
scah'.     Dates  thrive  in  moist  soil  and  are  resistant  to  moderate  con- 
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A,  Young  sugarcane  growing  on  Fredensborg  clay.  Slob  estate  headquarters  at  the  left.  Mount 
Eagle  and  Blue  Mountain  in  the  background;  B,  Guinea  grass  pasture  on  Descalabrado  clay 
and  its  steep  phase  near  Lovvry  Hill,  St.  Croi\  Island.  Note  the  dense  growth  of  thorny 
brush  on  the  mountain  in  the  background 
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fcentrations  of  saltSi  They  would  probably  flourish  in  some  of  the 
poorly  drained  areas  of  the  coastal  plain  where  the  salt  accumula- 
tions are  not  too  strongly  concentrated.  Alfalfa  would  probably 
thrive  in  many  parts  of  the  island  where  there  are  no  salt  accumu- 
lations and  might  prove  to  be  a  valuable  addition  to  the  forage  supply 
for  cattle  and  horses. 

At  the  present  time  there  is  no  way  to  ship  perishable  crops  to  the 
markets  of  the  United  States  or  Europe,  but  it  is  reasonable  to  sup- 
pose that  steamers  with  refrigerator  compartments  would  operate 
if  a  steady  business  were  in  prospect.  Of  the  perishable  crops,  toma- 
toes, pepperSj  and  green  Lima  beans  seem  to  be  the  most  promising. 
The  production  of  pineapples,  as  will  be  shown,  will  of  necessity  be 
very  limited.  The  chief  limits  to  the  quantities  of  other  crops  which 
can  be  grown  will  be  set  by  the  amount  of  rainfall  available  in  a 
given  year  and  by  the  local  or  export  demand,  together  with  the 
degree  of  aggressiveness  of  the  people  who  produce  the  crops. 

Many  parts  of  the  island  are  so  hilly  or  so  stony  that  they  are 
suited  only  for  forestry  or  pasture.  A  fairly  large  cattle-raising 
industry  is  thriving  on  such  lands. 

In  view  of  the  prevailing  low  sugar  prices,  poor  facilities  for 
sugar  production,  and  the  comparatively  dry  climate  of  St.  Croix 
Island,  it  seems  likely  that  the  cane  industry  is  doomed  to  ultimate 
extinction  unless  sufficient  water  be  found  for  irrigation.  If  the 
sugar  industry  becomes  extinct  it  will  be  necessary  to  adopt  new 
crops  and  produce  new  products  to  take  its  place. 

Nearly  all  the  arable  soils  of  the  island  will  produce  good  crops 
of  vegetables  and  fair  crops  of  corn,  and  many  soils  are  well  adapted 
to  a  large  variety  of  fruits.  The  untillable  hilly  lands  will  produce 
excellent  pasturage  which  is  sufficient  for  enough  animals  to  pro- 
vide milk  and  meat  for  the  populace  and  for  a  good  export  trade 
as  well.  It  is  easily  possible,  therefore,  for  the  island  to  produce 
nearly  everything  the  people  need  to  eat  and  have  a  comfortable 
surplus  of  many  of  the  food  crops.  The  mountainous  and  rocky 
land  will  produce  excellent  mahogany  and  other  tropical  woods  on 
the  slopes  that  are  sheltered  from  the  trade  winds  and,  with  proper 
forestry  methods,  after  a  period  of  years  would  furnish  a  steady 
cash  crop.  For  more  immediate  returns  it  would  seem  that  the  pro- 
duction of  dry  beans  for  the  Porto  Rico  market  should  prove  highly 
profitable.  There  are  tremendous  areas  of  soils  suited  to  this  crop. 
If  the  pink  boUworm  and  other  pests  can  be  kept  under  control  the 
production  of  sea-island  cotton  should  provide  a  substantial  export 
item.  Pineapples  and  citrus  fruits  have  been  suggested  as  possible 
export  crops,  but  it  is  not  likely  that  either  crop  can  be  grown  in 
greater  quantities  than  are  sufficient  for  local  demands.  Especially 
is  this  true  of  pineapples.  This  crop  prefers  distinctly  acid  soils, 
and  no  soils  were  observed  in  St.  Croix  that  were  more  than  slightly 
acid.  The  citrus-fruit  outlook  is  brighter,  but  the  fruit  would  have 
to  come  into  competition  with  that  from  Puerto  Rico  and  Florida. 
Fresh  vegetables  for  the  winter  markets  of  New  York  might  prove 
profitable  provided  transportation  could  be  obtained.  A  few  cacao 
trees  are  scattered  over  the  island,  and  they  seem  to  thrive  in  the 
northwestern  mountains  and  valleys.  It  would  probably  be  well 
to  experiment  with  the  production  of  cacao  in  this  region  with  a 
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view  to  possible  expansion.  With  the  increased  consumption  of 
cashew  nuts  in  the  United  States,  there  is  increased  possibility  of 
commercial  production  of  this  crop  in  the  American  Tropics. 

The  possibility  of  growing  certain  important  insecticidal  plants 
on  the  island  is  also  under  consideration  by  scientists  of  the  Bureau 
of  Chemistry  and  Soils. 

In  the  past,  the  soils  of  the  island  have  been  classified  loosely  from 
a  geological  point  of  view.  Two  chief  geological  formations  have 
been  recognized.  The  first  is  known  as  the  "  older  series,"  or  "  blue 
beach  "  in  more  common  language,  and  the  second  is  known  as  the 
"  younger  series,"  or  "  marl  "  formation.  The  blue  beach  consists 
of  a  great  series  of  highly  stratified  extrusive  volcanic  tuffs  and 
shales,  with  many  dikes  and  sills  of  intrusive  hard  igneous  rocks. 
These  are  interstratified  here  and  there  with  hard  limestones  and 
limy  shales,  which  also  include  some  volcanic  materials.  Soils  from 
materials  that  have  been  washed  out  from  the  blue  beach  have  been 
classified  with  this  series.  Marl  soils  are  those  which  have  been 
derived  from  any  of  the  harder  or  softer  layers  of  the  younger 
series  of  marls  and  limestones. 

Table  3. — Acreage  and  proportionate  extent  of  the  soils  mapped  on  St.  Croix 

Island,  Virgin  Islands 


Type  of  soil 


Fredensborg  clay 

Diamond  clay 

Diamond  clay,  deep  phase.. 

Sion  clay 

Sion  silty  clay 

Coakley  day  loam 

Aguilita  clay 

Aguilita  clay,  shallow  phase 
Aguilita  clay,  steep  phase... 

Hesselberg  clay 

Hope  clay 

Santa  Isabel  clay 

Oranard  clay 

Glynn  clay  loam 


Acres 


1,984 

512 

832 

960 

512 

2,688 

4,096 

512 

1,600 

1,856 

2,368 

1,792 

512 

1,088 


Per 
cent 


3.8 
1.0 
1.6 
1.8 
1.0 
5.1 
7.8 
1.0 
3.1 
3.5 
4.5 
3.4 
1.0 
2.1 


Type  of  aoil 


Barrancas  clay ^ 

Cornhill  clay  loam ^.^.. 

Lavallee  clay  loam 

Orangegrove  loam 

San  Anton  loam 

De.scalabrado  clay 

Descalabrado  clay,  steep  phase... 
Descalabrado  clay,  shallow  phase 

Parasol  clay  loam 

Serrano  clay  loam 

Jaueas  sand 

Total 


Acres 


64 

2,368 
576 
128 

3,136 

5,888 
14,  720 

2,176 
448 
768 


£2,480 


Per 

cent 


0.  I 
4.5 

':l 

6.0 
11.2 
28.0 

4.1 
.9 

1.5 

1.7 


Following  a  reconnaissance  soil  survey,  the  soils  of  the  island  were" 
classified  according  to  the  following  characteristics:  (1)  Color;  (2) 
structure,  or  character  of  soil  aggregates;  (3)  consistence,  or  degree 
of  plasticity,  friability,  and  other  characteristics;  (4)  presence  or 
absence  of  lime  (CaCOg)  ;  (5)  presence  or  absence  of  harmful  quan- 
tities of  "soluble  salts;  and  (6)  character  of  parent  materials.  Care- 
ful separations  on  the  basis  of  texture  were  not  recorded  becausei 
the  textures  of  the  soils  of  the  island  are  almost  uniformly  very 
heavy.  This  characteristic  was,  however,  taken  into  consideration 
in  a  general  way.  The  soils  were  examined  to  sufficient  depth, 
wherever  possible,  to  determine  the  characteristics  of  all  horizons 
from  the  surface  soil  to  the  parent  material.  On  the  basis  of  these! 
observations  the  soils  are  classified  in  soil  series,  types,  and  phases.- 
Eacli  type  and  phase  is  indicated  on  the  ma])  by  an  appropriate 
symbol.  Niiiotcen  soil  series  comprising  20  soil  types  and  5  phases 
are  mapped.  For  convenience  in  discussion  and  in  making  practical 
use  of  this  survey,  these  soils  may  be  placed  in  four  groups,  as 
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follows:  Group  1,  soils  underlain  by  limestone  or  marl,  generally 
shallow,  but  fertile;  gi-oup  2,  soils  underlain  by  alluvial  deposits, 
generally  deeper  than  those  of  group  1 ;  group  3,  soils  derived  from 
old  volcanic  rock  material,  mostly  shallow  and  on  rough  topography ; 
and  group  4,  miscellaneous  recent  deposits. 

In  subsequent  pages  of  this  report,  the  soils  of  St.  Croix  Island, 
Virgin  Islands,  are  described  in  groups  and  in  detail.  The  accom- 
panying soil  map  shows  their  distribution  over  the  island,  and 
Table  3  gives  the  acreage  and  proportionate  extent  of  each  soil 
mapped. 

SOILS  OF  GROUP  1 

The  soils  of  group  1  are  all  locally  called  marl  soils,  and  they  are 
the  most  important  agricultural  lands  of  the  island  from  the  point 
of  view  of  the  area  involved,  but  there  are  other  soils  which  are 
potentially  more  productive  though  less  extensive.  In  this  group  of 
soils  are  placed  seven  soil  types  and  three  phases  which  are  described 
m  the  order  of  their  importance. 

SUBGROUP  A 

Five  of  these  soil  types  and  one  phase  belong  to  a  subgroup  in 
which  the  soils  have  several  characteristics  in  common.  To  a  depth 
of  9  or  more  inches  they  have  dark  surface  soils  of  granular  structure 
and  good  tilth.  Beneath  the  surface  soil  is  a  thin  transitional  zone 
of  mixed  organic  soil  and  marl  underlain  by  marl  or  soft  limestone 
at  a  comparatively  slight  depth.  In  a  few  places  are  "  slick  spots," 
where  a  slight  accumulation  of  sodium  carbonate  or  other  salts  has 
rendered  the  soil  unproductive.  One  of  these  is  near  the  new  well 
at  Anna's  Hope.  The  surface  soils  have  good  moisture-holding  ca- 
pacity, but  the  substratum  is  so  porous  that  the  subsoils  do  not  hold 
moisture  during  very  long  dry  periods.  These  soils  are  capable  of 
producing  excellent  crops  when  moisture  conditions  are  at  all  favor- 
able. Many  of  the  formerly  prosperous  sugar  estates  are  located 
on  these  soils,  and  in  favorable  years  good  crops  of  cane  may  still 
be  produced.  (PI.  1,  A.)  Many  varieties  of  vegetables  will  grow 
and  produce  excellent  yields.  The  soils  are  well  adapted  to  the 
growing  of  dry  beans  of  various  sorts,  and  it  seems  likely  that  the 
bean  crop  would  be  one  to  be  emphasized  in  a  program  of  agricul- 
tural readjustment.  Puerto  Rico,  which  is  within  easy  reach  by  sloop 
or  steamship,  offers  a  market  for  dry  beans.  Tomatoes,  peppers, 
Lima  beans,  sweetpotatoes,  corn,  cotton,  and  many  other  crops  are 
adapted  to  these  soils. 

The  following  brief  descriptions  indicate  the  differences  between 
the  different  types  of  this  subgroup  of  soils : 

FREDENSBORG   CLAY 

The  surface  soil  of  Fredensborg  clav  is  verv  dark  grav  granular 
clay  which  is  plastic  when  wet.  This  layer,  which  ranges  from  10 
to  15  inches  in  depth,  lies  on  a  thin  transitional  zone  of  gray,  mottled 
with  yellow  and  white,  clay  which  is,  in  turn,  underlain  by  a  very 
porous  loose  somewhat  yellow  marl  or  soft  limestone.  The  soil 
throughout  the  entire  profile  is  rich  in  lime  carbonate.  The  granular 
structure  of  the  surface  material  causes  the  soil  to  have  excellent 
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tilth  except  immediateh^  following  heavy  rains.  A  phase  of  Fredens- 
borg  clay,  having  a  distinctly  black  surface  soil,  was  recognized  but 
not  separately  mapped  because  of  its  small  total  area.  The  occurrence 
of  such  an  area  was  noted  at  Bethlehem,  about  midway  between 
Christiansted  and  Frederiksted. 

DIAMOND   CLAY 

Diamond  clay  is  brown  and  granular  but  less  plastic  than  Fredens- 
borg  clay.  Marl  occurs  at  a  depth  of  about  1  foot.  This  soil  is  well 
adapted  to  vegetables  and  cane  and  would  doubtless  produce  excel- 
lent yields  of  cotton.  On  the  whole  it  is  probably  somewhat  less 
productive  than  Fredensborg  clay.  Some  salty  spots  occur  near 
the  seacoast. 

DIAMOND    CLAY,    DEEP    PHASE 

The  deep  phase  of  Diamond  clay  is  like  the  typical  soil  except  that 
the  brown  surface  layer  in  the  phase  extends  to  a  depth  of  2  feet. 
It  is  somewhat  more  productive  than  the  typical  soil  because  of  the 
deep  topsoil  and  the  consequent  greater  moisture-holding  capacity. 

SIGN    CLAY 

Sion  clay  consists  of  medium-gray  or  dark  brownish-gray  granular 
friable  clay  to  a  depth  of  about  9  or  10  inches.  It  has  the  usual  3  or 
4  inch  transitional  zone,  and  white  or  yellow  marly  lime  occurs  at  a 
depth  ranging  from  12  to  15  inches.  This  soil  is  naturally  very  fer- 
tile, but  it  is  more  subject  to  droughty  conditions  than  the  more 
plastic  Fredensborg  and  Diamond  clays.  There  are  some  local  "  slick 
spots."  The  same  crops  as  are  grown  on  Fredensborg  clay  and 
Diamond  clay  do  well  on  this  land. 

SION    SILTY    CLAY 

Sion  silty  clay  is  similar  to  Sion  clay  but  differs  from  that  soil 
in  that  it  contains  a  larger  proportion  of  silt  materials,  and  in  many 
places  many  fragments  of  soft  limestone  occur.  This  is  the  most 
extensive  soil  on  the  flat  areas  of  the  Federal  experiment  station. 
It  is  probably  somewhat  less  productive  than  Sion  clay  because  its 
water-holding  capacit}-  is  less  and  because  it  contains  less  organic 
matter. 

COAKLEY   CLAY   LOAM 

The  surface  soil  of  Coakley  clay  loam  is  granular  friable  dark 
brownish-gray  or  gray  material  which  contains  many  soft  limestone 
fragments.  At  an  average  depth  of  about  10  inches  it  is  underlain 
by  white  semi-indurated  chalky  limestone.  Cane  crops  on  this  soil 
show  much  chlorosis  and  are  seriously  stunted  by  droughty  weather. 
However,  many  species  of  trees  and  several  kinds  of  pasture  grasses 
do  very  well.  Guinea  grass  is  especially  fine.  During  moist  seasons 
this  soil  is  productive  of  many  kinds  of  vegetables. 

SUBGROUP   B 

Subgrou])  B  of  grouj)  1  includes  two  soil  types  and  two  phases. 
The  Aguilita  soils  are  usually  dark,  rather  thin,  and  lie  at  widely 
different  depths  on  moderately  hard  or  soft  Tertiary  limestones. 


SOIL  SURVEY  OF  ST.  CROIX  ISLAND,  VIRGIN   ISLANDS  13 

They  are  adapted  to  a  mixed  agriculture.  The  smoother  areas,  in 
which  the  soils  are  deeper,  are  suited  to  vegetables,  dry  beans,  corn, 
cane,  cotton,  and  pasture  grasses,  and  the  rougher  and  more  stony 
areas  are  suited  to  pasture  or  forestry.  Mahogany  trees  do  very  well 
on  the  hillsides  occupied  by  these  soils.  Guinea  grass  is  one  of  the 
best  crops  for  pasturage.  Hesselberg  clay  is  alkaline  in  reaction,  as 
are  the  Aguilita  soils,  but  it  differs  in  color.  It  is  very  stony  in  most 
places,  which  makes  it  difficult  to  cultivate.  Nevertheless  it  produces 
good  crops  of  vegetables  and  cotton.  It  also  affords  excellent  pasture 
after  the  bushes  are  cleared  off  and  the  land  planted  to  guinea  or 
other  pasture  grasses. 

AGUTLITA    CLAY 

The  surface  soil  of  Aguilita  clay  is  more  or  less  friable  dark 
brownish-gray  clay  loam  or  clay,  which  ranges  from  5  to  20  inches 
in  thickness.  It  is  very  limy.  The  lighter-colored  friable  limy  sub- 
soil is  only  a  few  inches  thick  and  directly  overlies  moderately  hard 
Tertiary  limestone  which  has  many  cracks  and  fissures,  so  that  it 
can  be  permeated  by  roots  to  great  depths. 

AGUILITA    CLAY,    SHALLOW    PHASE 

Aguilita  clay,  shallow  phase,  comprises  areas  of  bare  or  nearly 
bare  Tertiary  limestone.  In  many  places  a  thin  surface  coating  of 
soil  similar  to  the  typical  soil  occurs.  T]ie  land  supports  a  natural 
growth  of  thorny  bush,  and  where  this  is  cleared  off,  scanty  pasture 
for  livestock  is  available.    The  agricultural  value  of  this  shallow  soil 


will  never  be  high. 


AGUILITA    CLAY,    STEEP   PHASE 


The  steep  phase  of  Aguilita  clay  comprises  areas  of  limestone  hills 
most  of  which  are  too  steep  or  too  stony  for  cultivation.  These  areas 
furnish  good  pasturage  when  cleared  or  planted  to  grass.  Mahogany 
trees  flourish  on  this  steep  land. 


HESSBXBERG   CLAY 


Hesselberg  clay  occurs  in  the  southern  and  southwestern  parts  of 
the  so-called  "  marl  belt."  To  a  depth  of  about  1  foot  it  consists  of 
reddish-brown  or  brownish-red  calcareous  granular  somewhat  stiff 
clay  which  has  very  good  tilth.  It  overlies  rather  hard  fragmental 
limestone  having  red  clay  in  the  interstices.  Solid  rock  occurs  at  a 
depth  ranging  from  15  to  24  inches.  The  soil  has  good  moisture- 
holding  capacit}'  and  is  a  good  crop  producer.  Its  stony  character 
makes  cultivation  difficult.  Before  the  advent  of  the  pink  bollworm 
this  soil  was  extensively  used  for  growing  cotton.  Very  little  cane 
was  seen  growing  on  this  soil. 

SOILS  OF  GROUP  2 

The  soils  of  group  2  occur  on  the  flat  coastal  plains,  alluvial  fans, 
and  terraces.  The  soil  materials  are  almost  entirely  of  fluvial  origin, 
but  weathering  has  produced  different  profile  characteristics,  largely 
according  to  the  length  of  time  the  materials  have  been  exposed  to  its 
influence.     The  composition  of  the  materials  from  which  these  fluvial 
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deposits  have  been  washed  also  influences  the  characteristics  of  the 
soils.  Nine  soil  types  were  recognized  and  mapped  and  included 
with  this  group.     They  have  been  placed  in  three  subgroups. 

i  SUBGROUP   A 

Soils  of  subgroup  A  have  heavy  dark-colored  somewhat  granular 
surface  soils,  heavy  very  stiff  and  hard  clay  upper  subsoil  layers, 
friable  or  plastic  limy  lower  subsoil  layers,  and,  with  one  exception, 
nnore  or  less  gravelly  parent  materials.  In  many  places,  which  are 
indicated  on  the  nuip  with  stone  and  gravel  symbols,  the  surface  soils 
contain  enough  loose  stone  or  gravel  to  interfere  more  or  less  with 
cultivation.  The  heavy  stiff  character  of  these  soils  makes  them 
diffifult  to  handle  and  impairs  their  productivity.  In  the  ])ast 
these  soils  have  been  devoted  mainly  to  cane  and  pasture.  Probably 
they  would  produce  good  yields  of  cotton  if  it  proves  practical  to 
grow  cotton  on  St.  Croix  Island.  In  many  places  these  soils  show 
evidence  of  slight  or  moderate  accumulations  of  soluble  salts  and 
black  alkali,  which,  if  they  become  more  concentrated,  will  seriously 
interfere  with  crop  production.  Concentration  of  alkali  is  not  very 
likely  to  take  place  unless  the  land  is  irrigated,  and  then  it  will  be 
necessary  to  provide  subdrainage. 

HOPK   CLAY 

Hope  clay  is  the  most  extensive  soil  of  this  subgroup.  It  occu- 
pies an  almost  continuous  strip  of  territory  from  Whim  and  Hope 
to  Bethlehem  and  Fredensfeld.  The  surface  soil  consists  of  a 
layer  of  dark  gray-brown  granular  or  finely  cloddy  very  stiff  clay 
about  6  inches  thick,  which  in  many  places  contains  gravel.  The 
surface  soil  in  most  areas  is  slightly  calcareous.  Underlying  this 
layer  is  a  1-foot  layer  of  heavy  dark  gray-brown  or  black  exceed- 
ingly stiff  granular  or  cloddy  clay  which  grades  into  a  1'2-inch  layer 
of  heavy  cloddy  olive-drab  calcareous  clay.  The  deeper  part  of  the 
subsoil  consists  of  mixed  gravels,  clays,  and  sands,  with  a  heavy 
accumulation  of  lime,  some  of  which  is  concretionary.  When  at  the 
proper  moisture  content  this  soil  breaks  up  fairly  well  under  the 
plow,  but  otherwise  tillage  is  difficult.  Most  of  this  land  shows 
evidence  of  slight  or  moderate  accumulations  of  alkali,  especially 
in  the  subsoil.  The  alkali  spots  are  especially  abundant  where  there 
is  a  sudden  change  in  slope. 

S.VNTA  ISABEL  CLAY 

Santa  Isabel  clay  resembles  Hope  clay  in  several  respects  but 
has  many  points  of  difference.  It  is  lighter  colored  than  that  soil; 
plastic,  instead  of  stiff  and  cloddy:  has  good  tilth:  and  the  heavy 
layer  of  the  subsoil  is  not  so  intractable.  This  soil  is  more  cal- 
careous and  is  as  subject  to  alkali  accumulation  as  Hope  clay,  but 
it  averages  nmch  higher  in  productivity.  In  places  near  the  sea- 
coast  enf)ugh  salts  have  accumulated  in  the  surface  soil  to  interfere 
with  the  maintenance  of  good  tilth.  These  places  are  indicated  on 
the  soil  map  by  ai)propriate  symbols.  Santa  Isabel  clay  should 
j)rove  to  be  .superior  to  Hope  clay  as  a  cro])  producer. 
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GBANARD  CLAY 


Granard  clay  is  derived  largely  from  the  more  or  less  gravelly 
marl  which  lies  at  the  base  of  the  Tertiary  deposits.  Few  crops 
other  than  pasture  grasses  were  observed  on  it.  The  differences 
between  this  soil  and  Santa  Isabel  clay  are  largely  of  a  teclinical 
rather  than  a  practical  character  and  hence  will  not  be  discussed  in 
this  part  of  the  report.  Probably  this  soil  will  prove  to  be  of  about 
the  same  productivity  as  Santa  Isabel  clay. 


GLYNN    CLAY   LOAM 


Glynn  clay  loam  occurs  in  a  strip  parallel  to  the  areas  of  Hope 
clay,  between  areas  of  that  soil  and  the  mountains.  It  has  a  10-inch 
granular  dark  gray-brown  clay  loam  surface  soil  of  good  tilth,  a 
12-inch  brownish-yellow  moderately  stiff  clay  loam  upper  subsoil 
layer,  a  brownish-yellow  limy  clay  loam  lower  subsoil  layer  extend- 
ing to  a  depth  of  3  feet,  and  a  gravelly  and  sandy  substratum.  This 
is  an  excellent  soil  in  most  respects,  but  it  does  not  contain  so  much 
organic  matter  as  do  the  soils  of  group  1.  It  is  well  adapted  to 
nearly  every  kind  of  crop  grown  in  the  island  and  especially  to 
vegetables,  fruits,  and  cotton.  Citrus  fruits  would  undoubtedly 
do  very  well  on  this  land  if  irrigation  could  be  provided.  Pine- 
apples of  good  eating  quality  were  observed  on  these  soils,  although 
the  soil  is  not  particularly  well  adapted  to  the  present  commercial 
varieties  of  pineapples. 


BARRANCAS    CLAY 


Barrancas  clay  occurs  in  a  few  places  on  the  coastal  plain.  It 
occupies  low  imperfectly  drained  areas  between  the  alluvial-fan 
deposits  and  the  soils  of  the  marl  group.  It  has  a  heavy  nearly  black 
waxy  surface  soil  and  a  mottled  rust-brown  and  gray  plastic  sub- 
soil.^ This  soil  is  calcareous,  has  fair  tilth,  and  produces  fair  crops 
of  cane,  but  its  position  makes  it  susceptible  to  accumulation  of 
salts  or  alkali.  The  largest  area  lies  just  north  of  Fredensborg,  and 
an  area  occurs  just  south  of  Lower  Love.  The  agricultural  value 
of  this  land  is  limited  by  poor  natural  drainage. 

SUBGROUP   B 

Subgroup  B  includes  three  soil  types  derived  from  terrace  or 
alluvial-fan  materials,  which  have  been  washed  from  the  volcanic 
or  "  blue  beach  "rocks.  They  have  brown  surface  soils,  more  or  less 
well-developed  heavy  upper  subsoil  layers,  and  gravelly  substrata. 
Two  of  the  soils  of  this  subgroup  have  definite  accumulations  of 
lime  in  the  subsoil. 

COBNHILL  CLAY  LOAM 

To  a  depth  of  about  4  inches  the  surface  soil  of  Cornhill  clay  loam 
is  dark  gray-brown  fine-granular  friable  loam  or  clay  loam.  It  is 
underlain  by  a  6-inch  layer  of  nearly  black  stiff  and  cloddy  gravelly 
clay  which  tends  to  run  together  when  wet.  The  subsoil  is  light 
yellowish-brown  plastic  clay  and  contains  a  large  quantity  of 
accumulated  lime.  The  substratum  material  is  a  mixture  of  alluvial 
gravel,  sands,  and  clays.  Some  variation  in  this  soil  occurs  from 
place  to  place.    Large  areas  of  stony  or  gravelly  soil  are  indicated 
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on  the  map  by  gravel  and  stone  symbols.  In  several  places,  particu- 
larly near  Great  Pond  and  Southgate,  enough  sodium  carbonate  is 
present  to  affect  crops  adversely. 

In  the  past  this  soil  has  produced  excellent  yields  of  cotton,  but 
the  climate  in  that  part  of  the  island  where  it  occurs  is  so  dry  that 
cane  has  never  been  an  important  crop.  At  the  present  time  the  land 
is  being  devoted  to  pasture  or  has  been  allowed  to  revert  to  primitive 
conditions.  It  is  very  likely  that  good  crops  of  dry  beans  could  be 
produced  on  those  areas  of  Cornhill  clay  loam  which  are  not  too 
badly  affected  by  accumulations  of  alkali. 

LAVALLEE    CLAY    I.OAM 

Lavallee  clay  loam  occurs  on  alluvial  fans  on  the  north  coast  of  the 
island,  from  Sugar  Bay  to  Ham  Bay,  and  on  the  south  coast,  from 
Rod  Bay  to  East  Point.  As  mapped  the  soil  is  somewhat  variable 
and  might  be  subdivided  if  a  detailed  survey  were  made.  The  surface 
soil  consists  of  granular  light -brown  gravelly  clay  loam,  and  the 
upper  subsoil  layer  is  reddish  brown,  heavy,  and  sticky.  There  is 
an  accumulation  of  lime  in  the  lower  part  of  the  subsoil,  and  the 
substratum  materials  are  stratified  sands,  gravel,  and  clays.  Stony 
areas  are  indicated  on  the  map  by  stone  symbols.  The  area  of  La- 
vallee clay  loam  mapped  near  Ham  Ba}^  is  very  stony  and  does  not 
show  well-marked  layers  in  the  subsoil.  Some  of  the  areas  near  the 
east  end  of  the  island  also  differ  somewhat  from  the  typical  soil. 
It  was  impossible  to  examine  these  soils  in  great  detail  in  the  time 
available.  Near  Lavallee  this  soil  produces  fair  crops  of  beans  and 
vegetables.  An  old  planting  of  citrus  trees  has  survived  but,  owing 
to  lack  of  care,  has  not  thrived.  Areas  of  this  soil  include  small 
strips  of  San  Anton  loam  which  is  a  very  productive  soil  where  not 
too  gravelly. 

OKANGEXJEOVE  LOAM 

Orangegrove  loam  occurs  on  high  stream  terraces  near  Annaly  and 
Orangegrove.  It  is  characterized  by  a  deep  brown  surface  soil  under- 
lain by  a  reddish-brown  somewhat  heavy  subsoil,  beneath  which  is 
the  stratified  gravel  and  sand  substratum.  As  the  soil  is  deep  in  most 
places,  it  should  be  very  productive.  The  reaction  of  the  surface  soil 
is  neutral  or  very  slightly  acid,  and  for  that  reason  this  soil  might 
prove  to  be  a  fair  soil  for  pineapples.  Cane  and  vegetables  grow 
well,  and  the  rainfall  is  usually  sufficient  for  the  maturing  of  crops. 
As  mapped,  this  soil  includes  areas  of  stream-bottom  land  and  small 
areas  of  Descalabrado  clay.  This  is  one  of  the  most  promising  soils 
for  the  i)roduction  of  citrus  fruits.  Along  the  adjacent  stream  bot- 
toms good  crops  of  bananas  and  plantains  are  being  grown,  and 
the  acreage  in  these  crops  could  well  be  extended. 

SUBGROUP   C 

Subgroup  C  of  group  2  includes  only  one  soil  type.  San  Anton 
loam. 

SAN   ANTON    LOAM 

This  soil  occurs  along  stream  bottoms  and  on  alluvial  fans,  in  and 
adjacent  to  the  volcanic  oldlands  of  the  island.  In  very  gravelly 
areas,  which  are  indicated  on  the  map  by  gravel  symbols,  the  soil  is 


SOIL  SURVEY  OF  ST.  CROIX  ISLAND,  VIRGIN   ISLANDS  17 

likely  to  dry  out  quickly  after  rains.  Otherwise,  this  is  an  ideal 
soil.  It  is  somewhat  deficient  in  nitrogen  but  is  rich  in  other  neces- 
sary plant  foods.  One  small  area,  lying  about  three-fourths  mile 
west  of  Krause  Lagoon,  is  so  very  sandy  and  gravelly  that  it  is  of  no 
value  except  for  pasture. 

This  soil  has  a  brown  or  gray-brown  friable  surface  soil  and  a 
somewliat  lighter-colored  subsoil.  In  typical  areas  the  subsoil  is  not 
heavy  but  consists  of  recently  deposited  alluvial  silts,  sands,  and 
gravel.  In  most  places  the  profile  is  slightly  calcareous  throughout. 
In  the  reconnaissance  survey  it  is  not  practical  to  separate  all  areas 
of  this  soil  from  the  Cornhill  and  other  soils  with  which  it  is  asso- 
ciated. Therefore  some  areas  shown  as  this  soil  on  the  map 
doubtless  include  a  large  total  area  of  other  soils.  Where  rainfall 
is  sufficient,  this  soil  is  well  adapted  to  any  of  the  crops  common  to 
this  region.  It  would  make  excellent  citrus-fruit  land  provided 
enough  moisture  were  available.  Most  of  the  soil  is  probably  too 
high  in  lime  for  successful  pineapple  culture.  Beans  should  do 
very  well. 

SOILS  OF  GROUP  3 

The  soils  of  group  3  comprise  more  than  half  the  total  area  of  the 
island,  but  much  of  the  land  involved  is  so  steep  or  stony  that  it  is 
of  little  agricultural  importance.  The  smoother  areas  of  these  soils 
are  very  productive,  however.  The  surface  soils  are  almost  uni- 
versally dark  colored  and  fairly  high  in  organic  matter.  The  sub- 
soils are  lighter  colored  and  in  many  places  have  accumulated  more 
or  less  lime.  In  a  few  places,  which  are  not  shown  on  the  map,  both 
surface  soils  and  subsoils  have  a  decided  tinge  of  red.  These  areas 
are  of  little  interest  to  the  farmer,  however,  because  most  of  them 
occur  in  places  too  steep  or  too  stony  for  cultivation. 

DESCALAHRADO    CJLAY 

The  surface  soil  of  Descalabrado  clay  is  coarsely  granular  rather 
stiff  brown  or  dark  gray-brown  clay  about  1  foot  thick.  It  is  underlain 
by  yellowish-brown  slightly  heavier  clay  which  contains  many  rotten 
tuff  fragments.  At  a  depth  ranging  from  15  to  30  or  more  inches 
is  rotten  volcanic  rock,  most  of  which  is  tufaceous  or  shaly  in  char- 
acter. Seams  of  accumulated  lime  occur  in  many  places  in  the  upper 
part  of  the  parent  material.  Rock  outcrops  are  shown  on  the  map 
by  rock-outcrop  symbols. 

This  soil  is  widespread  in  the  mountainous  regions.  In  the  western 
half  of  the  island  the  land  is  extensively  used  for  the  production  of 
cane,  vegetables,  and  fruits,  and  in  the  drier  eastern  part  it  is  either 
devoted  to  pasture  grasses  or  has  retained  its  heavy  cover  of  bush 
and  cacti.  The  comparatively  prosperous  farming  district  near 
Annaly  owes  much  of  its  prosperity  to  this  soil.  Selected  areas  of 
the  deeper  soils  of  this  type,  in  the  western  half  of  the  island,  should 
prove  to  be  excellent  citrus-fruit  land.  Pineapples  grow  better  on 
this  than  on  any  other  soil  observed  on  the  island,  but,  judging  from 
observations  on  the  reaction  of  soils  producing  pineapples  elsewhere, 
the  indications  are  that  this  soil  is  too  nearly  neutral  or  too  alkaline 
to  offer  much  hope  for  the  extensive  cultivation  of  this  fruit.  Pine- 
apples evidently  prefer  highly  leached  medium  acid  or  strongly  acid 
soils. 
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DESCALABRADO  CLAY,   STEEP  PHASE 

The  steep  phase  of  Descalabrado  clay  resembles  the  typical  soil  in 
every  respect  except  that  it  lies  on  slopes  too  steep  for  convenient 
cultivation.  As  mapped  it  includes  very  large  areas  of  very  shallow 
soils  and  large  areas  of  very  stony  land.  The  rock  outcrops  observed 
are  roughly  indicated  on  the  map  by  appropriate  symbols.  Doubt- 
less there  are  other  stony  areas,  not  observed  or  shown  on  the  map. 
This  steep  soil  occurs  in  close  association  with  the  typical  soil.  In 
the  western  part  of  the  mountainous  region  large  areas  of  the  steep 
phase  are  under  cultivation  and  are  giving  satisfactory  yields. 
Some  of  this  steep  land  in  the  eastern  part  of  the  island  is  used  for 
pasture. 

DESCALABRADO  CIJ^Y.    SHALLOW   PHASE 

This  shallow  soil  consists  of  dark-brown  granular  loam  or  clay 
loam  about  12  inches  thick,  which  lies  directly  on  rotten  tufaceous 
shales.  It  is  used  mainly  for  growing  guinea  grass  for  pasture  and 
produces  good  yields  of  this  crop.  It  is  too  droughty  for  most  culti- 
vated crops.  Steep  areas  of  this  soil  were  included  on  the  map  with 
Descalabrado  clay,  steep  phase. 

PARASOL  CLAY   LOAM 

Parasol  clay  loam  occurs  only  in  one  large  area  in  the  vicinity  of 
River  and  Fountain.  The  surface  soil  is  very  dark  colored  and  deep, 
and  the  subsoil  is  yellowish  brown  and  overlies  rotten  volcanic  rocks. 
In  places  there  is  an  accumulation  of  lime  in  the  subsoil.  Toward 
the  valley  bottom  colluvial  wash  makes  the  soil  thicker  than  it  is 
near  the  hills.  The  soil  has  good  granulation  and  works  up  well 
under  the  plow.  Its  heavy  texture  and  large  organic-matter  content 
should  give  it  a  high  moisture-holding  capacity.  At  present  most  of 
the  land  is  devoted  to  cane  but  it  should  produce  very  good  yields  of 
corn,  vegetables,  dry  beans,  and  fruits.  It  is  regarded  as  naturally 
one  of  the  richest  soils  on  St.  Croix  Island. 

SOILS  OF  GROUP  4 

The  soils  of  Group  4  include  soils  typical  of  the  environs  of  the 
seacoast. 

SERRANO   CLAY   LOAM 

Serrano  clay  loam  consists  of  a  lagoon  deposit  of  clays,  sands,  and 
loams  which  are  gray,  wet,  and  poorly  drained.  Most  of  the  areas 
are  more  or  less  salty,  and  all  of  them  are  too  near  sea  level  for 
drainage  without  pumping.  They  have  no  agricultural  value  at 
present. 

JAUCAS    SAND 

Jaucas  .sand  is  a  pale-yellow  sand  made  up  almost  entirely  of 
coral  fragments.  It  occurs  in  intermittent  strips  along  the  seacoast. 
In  some  places  it  is  barren  of  vegetation,  and  in  others  it  supports 
a  growth  of  brush.  It  contains  a  moderate  amount  of  organic  mat- 
ter. Some  of  the  soil  near  Westend  Saltpond  has  hardened  into 
limestone. 
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Several  small  coconut  groves  are  scattered  over  the  Jaucas  sand 
areas,  and  the  trees  seem  to  thrive.  It  would  probably  be  well  to 
extend  such  plantings. 

IRRIGATION  AND  ALKALI 

With  the  rather  low  precipitation  over  most  of  the  island  it  would 
be  very  advantageous  if  a  supply  of  water  sufficient  for  irrigation 
could  be  obtained.  Irrigation  would  be  especially  desirable  in  the 
so-called  "  marl  belt ''  and  on  the  alluvial  fans  of  the  eastern  half  of 
the  island.  There  seems  to  be  no  hope  of  getting  water  for  this  sec- 
tion of  the  island,  but  some  scientists  believe  that  water  might  be 
obtained  from  certain  parts  of  the  lower  Tertiary  beds.  Up  to  the 
present  time  no  wells  have  tapped  this  horizon.  Shallow  wells 
have  struck  sufficient  water  for  cattle  but  no  supply  large  enough  for 
irrigation  purposes  has  been  discovered.  There  are  no  reservoir  sites 
that  would  furnish  very  large  storage  space  and  at  the  same  time 
drain  sufficient  territory  to  assure  a  good  volume  of  flood  waters. 
The  only  hope  for  irrigation,  therefore,  and  a  slender  one  at  that,  is 
to  tap  the  lower  Tertiary  beds  in  the  hope  of  striking  a  good  flow  of 
water. 

In  case  a  water  supply  of  considerable  volume  is  found,  it  will  be- 
necessary  to  take  precautions  to  use  the  water  carefully  and  to  dis- 
pose of  the  waste  water  in  such  a  manner  as  to  prevent  the  excessive 
accumulation  of  alkali  and  soluble  salts.  Alkali  salts  in  small 
quantities  were  noticed  in  many  places.  Most  of  these  areas,  except 
those  close  to  the  sea  or  to  lagoons,  contain  only  enough  alkali  at 
present  to  slightlj^  affect  the  soil.  Irrigation  would  tend  to  concen- 
trate the  salts  in  low  places  where  subdrainage  is  poor  and  along 
areas  where  there  is  a  change  in  slope  from  comparatively  steep  to 
more  gentle. 

The  accompanying  soil  map  shows  in  a  general  way  the  location^ 
of  the  areas  of  soil  that  are  affected  by  salts  of  various  kinds.  So- 
dium carbonate,  commonly  referred  to  as  black  alkali,  was  found 
affecting  a  few  fairly  large  areas  near  Great  Pond,  the  leper  asylum,- 
Southgate,  Bethlehem,  Castle  Burke,  and  Jerusalem.  It  does  not 
occur  uniformly  over  the  areas  but  in  spots  and  streaks,  especially 
in  those  places  where  sodium  chloride  has  come  in  contact  with  limy 
soil  or  with  the  zone  of  lime  accumulation  in  the  soils  that  are  non- 
calcareous  in  their  surface  horizons.  It  is  especially  common  along: 
the  courses  of  intermittent  streams,  where  there  is  a  sudden  change 
in  the  slope  of  the  land  surface. 

The  more  soluble  salts  of  sodium  (chloride  and  sulphate),  with 
minor  quantities  of  other  soluble  salts,  constitute  what  is  commonly 
known  as  white  alkali.  These  salts,  especially  sodium  chloride,  are 
widely  distributed  along  marginal  lands  of  the  low  coastal  plains 
and  alluvial  fans.  They  are  most  concentrated  near  the  numerous 
lagoons,  and  the  salt  concentration  rapidly  decreases  toward  the 
inland.  There  are  a  few  narrow  strips  in  which  the  concentration 
of  white  alkali  is  low  in  the  inland  between  Enfield  Green  and 
Morningstar. 

Soils  affected  by  black  alkali  become  puddled  and  impervious  to 
water.     Their  naturally  good  granular  structure  breaks  down,  the 
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soil  runs  together,  and  it  is  impossible  to  make  them  productive  with- 
out expensive  chemical  treatment  combined  with  copious  irrigation 
and  carefully  planned  drainage. 

The  map  shows  three  degrees  of  concentration  of  alkali  salts.  The 
affected  areas  were  mapped  on  the  basis  of  field  observations,  and  a 
few  representative  samples  were  taken  and  tested  on  the  electro- 
lytic bridge  for  percentage  of  salts  present.  The  locations  of  samples 
are  indicated  on  the  map  by  a  red  dot  to  one  side  of  which  is  placed 
a  number  in  fractional  form.  The  upper  number  of  the  "  fraction  " 
indicates  the  percentage  of  salts  in  the  surface  foot  of  dry  soil,  and 
the  lower  number  indicates  the  average  percentage  of  salts  to  dry 
soil  for  the  entire  profile.  Another  number,  in  parentheses,  indicates 
the  depth  to  which  the  soil  was  sampled.  Soils  shown  as  weakly 
affected  contain  from  0.2  to  0.4  per  cent  salts,  those  shown  as  mod- 
erately affected  from  0.4  to  1  per  cent,  and  those  as  strongly  affected 
from  1  to  more  than  3  per  cent.  In  the  weakly  affected  areas  most 
crops  will  show  a  somewhat  decreased  yield,  and  some  trouble  may  be 
experienced  with  getting  seeds  to  germinate  and  with  the  dying  of 
young  and  tender  plants.  In  moderately  affected  areas  there  are 
likely  to  be  large  barren  spots  and  much  plant  loss.  Only  highly 
salt-tolerant  crops  will  produce  on  these  lands.  Some  grasses  will 
■do  fairly  well,  but  most  cultivated  crops  will  give  trouble.  Coco- 
nuts will  usually  grow  fairly  well.  The  strongly  affected  areas  will 
ordinarily  be  devoid  of  all  economic  crops. 

Doubtless  some  areas  of  soil  affected  by  alkali  are  not  shown  on 
the  map,  and  doubtless,  also,  there  are  areas  of  unaffected  land  in- 
cluded in  those  parts  shown  as  being  affected.  Only  a  carefully 
conducted  detailed  survey  would  bring  out  all  the  facts  regarding  the 
soils  and  alkali  conditions. 

SOILS  AND  THEIR  INTERPRETATION 

The  island  of  St.  Croix  is  well  within  the  Tropical  Zone.  It  is 
far  enough  north,  however,  to  be  almost  constantly  fanned  by  the 
trade  winds.  Low  islands  in  the  trade-wind  belt  have  low  rainfall, 
and  many  of  them  are  desertlike.  Where  mountains  occur  on  the 
islands,  however,  the  warm  winds  rise  sufficiently  to  become  cool 
enough  to  drop  part  of  their  moisture,  St.  Croix  Island  has  two 
low  chains  of  mountains  running  east  and  west,  which  are  suffi- 
ciently high  to  cause  enough  precipitation  to  support  agriculture 
over  much  of  the  island.  The  highest  recorded  mean  annual  rain- 
fall is,  however,  only  about  52  inches.  The  lowest  recorded  mean  is 
nearly  39  inches,  but  it  is  almost  certain  that  some  places  in  the 
eastern  end  of  the  island  receive  an  average  of  less  than  20  inches 
annually.  This  is  an  estimate  based  on  observations  by  residents 
and  on  the  character  of  the  vegetation  in  that  part  of  the  island.  In 
the  Temperate  Zone  an  average  rainfall  equal  to  the  recorded  mini- 
mum of  St.  Croix  Island  would  constitute  a  humid  climate.  In 
the  Tropics,  however,  and  especially  in  the  trade-wind  bolt,  the  cli- 
nic to  under  a  39-inch  rainfall  is  semiarid. 

Witli  the  foregoing  facts  in  mind  one  would  expect  the  mature 
soils  of  St.  Croix  Island  to  be  marked  by  accumulations  of  the  car- 
bonates of  calcium  and  magnesium  somewhere  between  the  surface 
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and  parent  material.  Such  is  the  case,  with  the  exception  of  a  few 
small  and  restricted  areas  in  the  moist  region  near  Annaly,  which 
were  too  small  to  be  shown  on  a  reconnaissance  map. 

Mature  soils  occupy  only  a  small  part  of  the  total  area  of  the 
island.  They  occur  on  old  alluvial  fans  and  colluvial  slopes  and  as 
residuum  from  the  volcanic  rocks  of  the  hio:hlands.  Probablv  60 
per  cent  of  the  agricultural  lands  are  rendzinas  ^  which  are  fairly 
shallow  dark-colored  soils  lying  on  soft,  chalky,  or  marly  lime  de- 
posits or  on  hard  or  moderately  soft  limestones.  The  highly  cal- 
careous parent  materials  have  retarded  normal  soil  development. 
Between  one-third  and  one-half  of  the  total  area  of  the  island  is 
covered  with  soils  which  are  immature  in  stage  of  development, 
owing  mainly  to  the  steepness  of  the  hills  and  mountains  on  which 
they  occur.  Most  of  these  incipient  soils  consist  of  dark-colored 
surface  soils,  ranging  from  a  few  inches  to  a  foot  or  more  in  thick- 
ness, lying  directly  on  the  rotten  parent  rock.  The  soils  on  gentler 
slopes  have  developed  a  thin  heavy  subsoil  layer  which  in  spots 
is  underlain  by  slight  accumulations  of  lime.  These  soils  do  not, 
however,  show  the  depth  of  weathering  and  thickness  of  subsoil 
horizons  characteristic  of  the  normal  mature  soils  of  the  region. 

Since  the  entire  Island  falls  within  a  climatic  zone  that  has  caused- 
the  formation  of  soils  which  are  closely  related  to  each  other  it  seems 
most  logical  to  discuss  the  individual  soil  series  in  the  natural  groups- 
in  which  they  fall.  The  factors,  other  than  climate,  which  have  con- 
tributed to  soil  formation  and  have  produced  the  soil  characteristics,- 
are  vegetation,  parent  material,  and,  in  places,  certain  soluble  salts. 
After  climatic  influences  have  been  considered,  the  character  of  the 
parent  material  plays  the  most  important  role  in  the  determination 
of  the  natural  soil  groupings  of  St.  Croix  Island.  The  other  factors 
seem  to  be  of  secondary  importance.  Owing  to  the  effects  of  the 
parent  materials  in  parts  of  the  island,  the  effects  of  salts  in  other 
parts,  and  the  youthfulness  of  the  deposits  of  soil  materials  in  still 
other  parts,  there  are  few,  if  any,  areas  of  normal  mature  soils.  The 
soils  will  be  discussed  under  the  same  four  groups  as  those  under 
which  they  were  discussed  in  the  section  on  Soils  and  Crops. 

The  soils  covering  much  of  the  strip  of  territory  from  Little  Prin- 
cess and  Vagthus  Point  to  Westend  Saltpond  and  Frederiksted  owe 
most  of  their  characteristics  to  the  soft  marls  and  limestones  from 
which  they  are  derived.  These  soils  have  been  placed  in  group  1 
and  in  soil  terminology  are  classed  as  rendzinas.  They  are  rich  in 
humus,  except  where  hereafter  noted,  are  fairly  thin,  and  have  little 
or  no  subsoil,  or  B  horizon,  development.  The  group  includes  the 
Fredensborg,  Diamond,  Sion,  Coakley,  Aguilita,  and  Hesselberg 
soils. 

Following  are  descriptions  of  the  more  important  soils,  with  briefer 
mention  of  those  which  are  less  important. 

A  sample  of  Fredensborg  clay,  taken  about  three-eighths  mile  south- 
east of  Slob,  showed  the  following  layers :  From  0  to  10  inches,  very 
dark  gray  calcareous  plastic  clay.  The  clay  is  very  granular  and 
falls  apart  into  medium-sized  angular  grains  when  dry  or  moist. 

^  Soils  developing  under  the  influence  of  highly  calcareous  parent  material  and  not  yet 
advanced  beyond  a  very  early  stage  of  development. 
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The  dark  color  is  caused  by  a  large  content  of  organic  matter.  From 
10  to  14  inches,  gray-white,  rust-colored,  and  yellow  mottled  granu- 
lar calcareous  clay  which  is  very  plastic  when  wet.  Many  dark  and 
light  worm  casts  occur  in  this  horizon.  From  14  to  36  inches,  very 
friable  porous  yellowish-white  marly  or  soft  limestone. 

This  soil  occurs  in  low  broad  flats  between  limestone  hills.  Nat- 
ural surface  drainage  ranges  from  fair  to  poor  but,  owing  to  the 
porous  parent  material,  farmers  experience  very  little  trouble  from 
poor  drainage.  A  few  areas  near  the  seacoast  contain  sufficient  salt 
accumulations  to  interfere  with  crop  production. 

Diamond  clay  differs  from  Fredensborg  clay  in  being  somewhat 
deeper  and  in  having  a  surface  soil  which  is  grayish  brown  instead  of 
nearly  black.  It  is  somewhat  less  plastic  in  the  upper  two  horizons 
and  seems  to  contain  much  less  organic  matter.  Granulation  in  the 
two  soils  is  about  the  same.  This  soil  occurs  in  slightly  better 
drained  positions  than  Fredensborg  clay.  The  deep  phase  of  this  soil 
has  a  considerably  thicker  solum  than  the  typical  soil. 

The  soil  structure  and  parent  materials  of  the  Sion  soils  are  very 
much  like  those  of  the  Fredensborg  and  Diamond  soils,  but  their 
color  is  medium  brownish  gray  or  dark  brownish  gray,  with  gray 
predominating.  Unlike  the  Fredensborg  and  Diamond  soils,  the 
Sion  soils  are  friable  from  the  surface  downward,  even  very  soori 
after  heavy  rains. 

The  Coakley  soils  are  much  like  the  Sion  soils  except  that  they 
are  dark  colored  and,  at  a  depth  of  about  10  inches,  lie  on  a  semi- 
indurated  chalk  deposit.  This  chalk  is  simply  another  form  of  the 
different  Tertiary  limestones  of  the  region. 

The  Aguilita  soils  are  derived  from  the  harder  layers  of  the  Ter- 
tiary limestones.  They  usually  occur  on  hills  where  natural  drain- 
age is  excessive,  but  they  are  able  to  hold  sufficient  moisture  to  sup- 
port fairly  good  crops.  The  surface  soils  are  dark  gray  or  dark 
grayish  brown,  are  granular,  like  the  other  rendzinas,  and  differ 
greatly  in  thickness,  according  to  whether  the  slopes  on  which  they 
lie  are  concave  or  convex.  In  most  places  a  soft  marly  transitional 
layer  occurs  between  the  dark-colored  A  horizon  and  the  hard  lime- 
stone which  lies  at  a  depth  ranging  from  1  or  2  inches  to  3  or  4  feet. 
The  shallow  phase  of  Aguilita  clay  has  almost  no  soil  covering  the 
limestone,  whereas  the  steep  phase  is  very  stony. 

Hesselberg  clay  is  the  one  soil  of  this  group  with  a  red  hue.  It 
has  a  5-inch  reddish -brown  medium  granular  stiff  clay  surface  soil 
and  a  7-inch  brownish-red  granular  clay  subsoil  overlying  fairly 
hard  limestone  which  contains  cracks  filled  with  red  clay.  The  soil 
is  very  stony  and  calcareous  throughout. 

As  there  is  little,  if  any,  strictly  virgin  land  on  St.  Croix  Island, 
it  is  difficult  to  say  what  land  of  natural  vegetation  covered  it  origi- 
nally. At  the  present  time  abandoned  lands  of  group  1  grow  up  to 
a  scrubby  growth  of  thorn  bushes,  small  trees,  and  some  cacti.  Lands 
not  too  densely  covered  by  these  bushes  have,  in  addition,  a  growth 
of  native  and  introduced  grasses. 

Bordering  the  strip  of  soils  of  grou])  1,  just  described,  overlapping 
it  in  many  places,  and  extending  out  from  the  mountains  in  allu- 
vial fans  elsewhere,  are  strips  and  ])atches  of  soil  which  comprise 
group  2.     Soils  of  the  Hope,  Santa  Isabel,  Granard,  Glynn,  Cornhill, 
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Lavallee,  Barrancas,  Orangegrove,  and  San  Anton  series  are  in- 
cluded in  this  group.  The  first  six  are  solonetzlike  in  character  and 
contain  more  or  less  lime  in  the  subsoil.  Much  of  the  lime  has  ac- 
cumulated from  the  carbonation  of  the  calcium  compounds  of  the 
basic  igneous  minerals  of  the  parent  materials  and  their  subsequent 
translocation  from  the  surface  by  percolating  waters.  Undoubtedly- 
some  of  the  lime  may  also  have  come  directly  from  the  alluvial 
materials  derived  from  the  Tertiary  limestones.  This  latter  vs^ill 
hold  true  at  least  in  the  western  and  southwestern  parts  of  the  island. 
Sufficient  quantities  of  sodium  chloride  have  either  been  carried  up 
from  the  sea  by  heavy  storms  or  washed  from  the  parent  rocks  to 
unite  with  the  carbonates  in  forming  small  quantities  of  sodium  car- 
bonate in  the  soil.  This  compound  is  formed  at  the  places  "where 
the  sodium  chloride  may  meet  the  accumulated  lime,  in  other  words, 
in  the  upper  part  of  the  subsoil.  It  has  tlie  effect  of  deflocculating 
the  subsoil,  causing  the  clay  to  puddle  and  form  an  almost  impene- 
trable layer.  Subsequent  leaching  may  remove  the  carbonates,  but 
the  very  heavy  iniiDenetrable  la3^er  remains  for  a  long  time.  When 
this  layer  dries  out  it  breaks  into  rough  hard  columns  wdiich  will 
withstand  much  weathering  in  exposed  cuts.  In  numerous  places, 
which  are  shown  on  the  map,  there  are  still  traces  of  sodium  carbonate 
in  the  soil.  The  hard  layer,  or  claypan,  is  very  troublesome  to  farm- 
ers because  of  the  difficulties  it  offers  to  cultivation  and  to  root  pene- 
tration. A  special  variety  of  cane,  with  sharp-pointed  roots  which 
pierce  the  claypan,  was  developed  on  St.  Croix  Island. 

In  the  following  descriptions  it  will  be  noted  that  the  soils  of  some 
series  have  developed  heavier  and  harder  claypans  than  those  of 
others. 

A  sample  of  Hope  clay,  taken  one-sixteenth  mile  east  of  Hope, 
showed  some  accumulation  of  soluble  salts  in  the  lower  layers.  From 
0  to  51/2  inches  the  soil  material  is  dark  gray-brown  finely  cloddy 
slightly  calcareous  very  stiff  clay;  from  51/2  to  18  inches  it  is  a  very 
heavy  black  columnar  slightly  calcareous  claypan  which  is  exceed- 
ingly stiff  and  intractable ;  from  18  to  30  inches  it  is  olive-drab,  mot- 
tled with  gray,  somewhat  granular  calcareous  stiff  clay;  and  from 
30  to  40+  inches  it  is  yellow  and  olive-drab  clay  containing  some  iron 
and  manganese  concretions.  This  layer  is  very  calcareous  and  plas- 
tic, and  it  contains  some  soluble  salts.  It  is  underlain  by  gravelly 
alluvium. 

The  Hope  soils  lie  on  broad,  flat,  gently  sloping  plains  that,  at  pres- 
ent, are  for  the  most  part  covered  with  pasture  grasses  or  planted  to 
sugarcane.  In  many  places  Hope  soils  contain  large  quantities  of 
gravel  of  tufaceous  or  shaly  origin.  Comparatively  large  areas  of 
this  soil  are  subject  to  slight  or  moderate  accumulations  of  salts. 

A  sample  of  Santa  Isabel  clay,  taken  one-eighth  mile  south  of 
Enfield  Green,  showed  the  following  profile:  From  0  to  6  inches, 
brownish-gray  medium-granular  calcareous  clay  which  is  stiff  when 
wet;  from  6  to  10  inches,  heavy  finely  cloddy  very  stiff  olive-drab 
calcareous  clay  containing  hard  angular  lime  concretions ;  from  10  to 
70  inches,  brownish-yellow  sticky  plastic  clay  containing  some  limy 
spots,  in  which  the  interstitial  soil  is  very  calcareous ;  and  from  70  to 
80+  inches,  yellowish -brown  or  reddish-yellow  gravelly  fine  sandy 
clay  loam  containing  lime  concretions. 
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Santa  Isabel  clay  occupies  positions  similar  to  those  occupied  by 
Hope  clay.  It  shows  evidence  of  salt  accumulation  in  many  places. 
The  alluvium  from  which  it  is  derived  contains  more  or  less  limestone 
mixed  with  volcanic  alluvium. 

Granard  clay  is  much  like  Santa  Isabel  clay  except  that  it  is  some- 
what darker  and  contains  no  hard  lime  concretions.  The  lime  occurs 
in  large  silty  spots.  This  soil  is  derived  from  mixed  volcanic  frag- 
ments and  limestone  of  Tertiary  age.  These  materials  were  laid 
down  just  before  the  great  mass  of  the  limestones  of  St.  Croix  Island 
and  have  since  been  exposed  by  erosion. 

Glynn  clay  loam  lies  between  areas  of  Hope  clay  and  the  moun- 
tains. The  claypan  has  developed  but  slightly  in  this  soil,  and  the 
soil  is  much  lighter  colored  than  the  Hope  soils.  The  parent  mate- 
rial consi.sts  almost  entirely  of  old  alluvial  gravel  and  silt  washed  out 
from  the  volcanic  uplands.  The  soil  is  younger  than  Hope  clay,  but 
it  has  a  slight  accumulation  of  lime  in  the  subsoil. 

A  sample  of  Cornhill  clay  loam,  taken  just  east  of  Cornhill,  indi- 
cates a  profile  as  follows:  From  0  to  4  inches,  dark  graj^-brown 
friable  fine-granular  heav}-  loam  or  light  clay  loam :  from  4  to  10 
inches,  dark-gra}^  or  nearh^  black  gravellj'  cla}^  which  is  cloddy  and 
stiff,  and  which  puddles  when  wet;  from  10  to  16  inches,  light  yel- 
lowish-brown cloddy  plastic  calcareous  clay;  from  16  to  30  inches, 
yellowish-brown  or  reddish-yellow  plastic  clay,  mottled  with  gray- 
white  lime  accumulations,  which  is  cloddy  when  dr}^ ;  and  from  30 
to  60+  inches,  reddish-yellow  or  yellow-brown  gravelly  calcareous 
clay  loam.  At  this  place  there  was  a  slight  accumulation  of  salts 
in  the  lower  three  layers,  but  in  many  places  soluble  salts  are  absent, 
or  present  only  in  minute  quantities. 

The  vegetation  on  this  type  of  soil  consists  of  thorny  bushes,  cacti, 
and  grasses.  On  land  that  has  not  been  kept  clear  these  bushy 
groAvths  have  become  so  dense  that  it  is  impossible  to  pass  through 
without  cutting  one's  way  with  a  machete. 

A  sample  of  Lavallee  clay  loam,  taken  one-fourth  mile  southeast 
of  Lavallee,  shows  the  following  profile :  From  0  to  15  inches,  brown 
coarsely  granular  somewhat  stiff  noncalcareous  gravelly  clay  loam; 
from  15  to  39  inches,  reddish-brown  or  brownish-red  heavy  gravelly 
clay  which  is  stiff  when  moist  and  hard  when  dry;  from  39  to  53 
inches,  light-brown  stratified  gravelly  loam :  from  53  to  83  inches, 
coarsely  mottled  red,  brown,  yellow,  and  gray  limy  gravelly  clay 
loam;  and  from  83  to  113  inches,  similar  material  to  that  in  the  above 
layer,  with  yellow  mottles  predominating.  Gravelly  layers  occur 
in  both  the  up})er  and  lower  parts  of  this  layer.  The  soil  material  is 
puddled  and  slick  when  wet. 

This  soil  occurs  on  deep  alluvial  deposits,  chiefly  along  the  north- 
western coast  of  the  island,  from  Sugar  Bay  to  Ham  Bay,  and  on  the 
southeast  coast,  from  Grass  Point  to  East  Point.  Minor  variations 
from  the  typical  soil  are  noted  in  the  section  on  Soils  and  Crops. 

The  natural  vegetation  on  Lavellee  clay  loam  was  originally  about 
the  same  as  that  on  the  Cornhill  soils.  Pasture  grasses  occupy  much 
of  the  land  at  present. 

Barrancas  clay  is  a  dark-gray  or  nearly  black  waxy  clay  with  a 
gray  and  rust-colored  mottled  clay  subsoil.  It  lacks  the  definite 
well-developed  heavy  horizon  of  the  solonetziike  soils  described,  but 
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it  is  closely  associated  with  those  soils.  This  soil  occurs  in  de- 
pressions and  is  poorly  drained  except  areas  that  have  been  ditched. 
In  most  places  it  shows  indications  of  slight  accumulations  of  soluble 
salts  in  the  upper  part  of  the  subsoil  and  in  some  places  at  the  surface. 
The  materials  from  wliich  this  soil  is  derived  are  a  mixture  of  vol- 
canic and  limy  water-laid  materials. 

Orangetjrove  loam  and  San  Anton  loam  are  both  derived  from 
fluvial  sediments.  Orangegrove  loam  shows  evidence  of  having 
been  strongly  weathered,  but  typical  San  Anton  loam  is  of  recent 
deposition.     A  brief  description  of  each  soil  follows : 

A  sample  of  Orangegrove  loam,  taken  one-fourth  mile  east  and 
slightly  north  of  Orangegrove  from  a  narrow  high  stream  terrace, 
shows  the  following  profile :  From  0  to  15  inches,  brown  friable  loam 
of  loosely  granular  or  single-grain  structure ;  from  15  to  27  inches, 
dark  gray-brown  friable  loam  with  whitish,  moldlike  spots;  from 
27  to  40  inches,  reddish-yellow  granular  stiff  gravelly  clay;  and 
from  40  to  90  inches,  stratified  old  alluvium  consisting  of  light 
reddish-3^ellow  friable  sandy  clay  loam. 

Orangegrove  loam  contains  no  visible  lime  accumulation,  but  the 
second  and  third  layers  are  distinctly  alkaline. 

A  sample  of  San  Anton  loam,  taken  one-fourth  mile  northwest 
of  Solitude,  shows  the  following  profile :  From  0  to  7  inches,  dark- 
brown  slightly  calcareous  friable  silt  loam  or  loam;  from  7  to  18 
inches,  light  yellowish-brown  slightly  calcareous  friable  clay  loam; 
and  from  18  to  40  inches,  dark-brown  gravelly  slightly  calcareous 
friable  loam  underlain  by  alluvial  materials  which  in  places  contain 
lime  accumulation.  The  lime  accumulation  seems  to  belong  to  a 
soil  which  has  been  buried  under  more  recent  fluvial  deposits. 

This  soil  has  little  or  no  profile  development,  owing  to  its  recent 
deposition,  but  it  is  so  interlaced  with  mature  soils  derived  from 
older  alluvium  that  it  is  difficult,  in  mapping,  to  separate  the  old 
from  the  more  recent  deposits.  One  is  sure,  therefore,  to  find  that 
San  Anton  loam,  as  mapped,  includes  many  small  areas  of  the  other 
members  of  this  group  and  vice  versa. 

Group  3  includes  soils  derived  from  the  volcanic  oldland  materials 
which  occur  in  two  large  areas  corresponding  to  the  mountainous 
areas  of  the  island. 

Descalabrado  c\a.j  and  its  steep  phase  occupy  much  of  this  old- 
land  area.  This  soil  has  a  solum  ranging  in  thickness  from  a  few 
inches  to  about  2  feet  and  averaging  about  16  inches.  The  surface 
soil  consists  of  dark  grayish-brown  coarsely  granular  moderately 
stiff  clay,  from  8  to  12  inches  thick.  The  4  to  6  inch  subsoil  layer 
is  brown  or  olive-drab  finely  cloddy  clay.  The  parent  material 
consists  of  rotten  tuff  or  tufaceous  shales  which  in  many  places  con- 
tain streaks  and  seams  of  soft  lime  accumulation  at  their  point  of 
contact  with  the  solum.  The  lime  deposits  are  lacking  in  many 
places  in  the  moist  region  around  Annaly,  but  the  soil  retains  a 
high  pH  value,  nevertheless.  Near  Annaly,  on  some  of  the  very 
small  flat  areas,  are  a  few  spots  in  which  the  subsoil  is  lightly 
mottled  with  red,  yellow,  and  gray,  giving  evidence  of  very  small 
spots  having  imperfect  drainage.  Aside  from  these  small  spots 
the  soil  has  good  or  excessive  natural  drainage.  The  soils  mapped 
in  the  Descalabrado  series  in  the  eastern  part  of  the  island  seem  to 
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liave  somewhat  more  lime  accumulation  iliaii  those  in  the  western, 
part. 

Descalabrado  clay,  steep  phase,  occupies  the  steep  mountainous 
slopes  of  the  island.  These  soils  are  similar  to  the  typical  soil  but 
are  thinner,  and  in  many  places  rocks  outcrop.  Included  on  the  map 
Avith  this  steep  soil  are  large  areas  of  thin  reddish-brown  soil  having 
neutral  or  slightly  alkaline  reaction.  These  areas  are  fairly  com- 
mon near  the  northern  coast  of  the  island,  from  Barron  Bluff  to  Ham 
Bay.  and  in  spots  on  that  part  of  the  island  between  Seven  Hills  and 
East  Point.  Incomplete  field  evidence  seems  to  indicate  that  this  local 
variation  in  color  is  probablj'^  caused  by  differences  in  the  rocks.  For 
example  one  very  small  unmapped  area  of  serpentinelike  rock  near 
Lavallee  was  covered  by  a  thin  somewhat  red  soil.  Trap  rock  in 
other  places  was  covered  by  red  soils  in  spots.  The  steep  phase  of 
Descalabrado  clay  also  includes  steep  areas  of  the  shallow  phase  of 
Descalabrado  cla^^ 

The  natural  vegetation  on  this  soil  is  chiefly  native  forest  trees  and 
underbrush.  Small  trees,  thorn  bushes,  and  cacti  cover  this  soil  in 
the  eastern  part  of  the  island. 

Parasol  clay  loam  is  very  similar  in  morphological  features  to  the 
chernozem  soils  which  occur  in  the  Great  Plains  area  of  the  United 
States  and  the  Kussian  steppes. 

A  sample  of  this  soil,  taken  five-eighths  mile  south  of  Parasol 
shows  the  following  profile  :  From  0  to  10  inches,  dark-brown  coarsely 
granular,  friable  when  dry  but  stiff  when  moist,  clay  loam  having 
excellent  tilth;  from  10  to  20  inches,  black,  coarsely  granular  clay 
which  is  stiff  when  moist,  has  excellent  tilth,  and  is  high  in  organic 
matter;  from  20  to  35  inches,  mottled  dark-gray  and  yellowish- 
brown  clay  loam,  in  which  the  mottling  is  caused  by  organic  soil 
mixed  with  rotten  tufaceous  materials;  and  from  35  to  50  inches, 
brownish-yellow  clay  loam  consisting  of  highly  decayed  volcanic 
rocks.  In  many  places  the  upper  part  of  this  layer  is  highly  impreg- 
nated with  soft  accumulated  lime. 

In  this  soil  as  in  many  others,  the  zone  of  lime  accumulation  is 
variable,  being  entirely  lacking  in  some  places  and  very  thick  in 
others,  although  the  areas  may  be  very  closely  associated.  All  of  this 
soil  observed  was  devoted  to  cultivated  crops  or  to  pasture  grasses. 

Table  4. — pE  determinations  of  soils  on  St.  Croix  Island,  Virgin  Islands  * 


Sample 
No. 


e00107 
600108 
600109 
600110 
600111 
600112 
600130 


Soil  type 


Hesselberg  clay... 

....do... 

....do -- 

San  Anton  loam... 

....do 

....do.... 

Descalabrado  clay. 

600131  ! do 

600132    do 

000133    do 

600134  Oranfjegrove  loam. 

600135  1 do 

600136  ' do 

600137   do 


Depth 

PH 

Sample 
No. 

Inches 

0-5 

7.85 

600145 

5-12 

8.05 

600146 

12-15-t- 

8.27 

600147 

0-7 

7.92 

600148 

7-18 

8.09 

600149 

1&-40+ 

8.27 

600154 

0-8 

7.21 

600155 

8-13 

7.83 

600156 

13-19 

8.09 

600157 

19-48-h 

8.29 

,    600158 

0-15 

6.57 

15-27 

8.31 

27-40 

8.30 

40-90-F 

7.62 

Soil  type 


Lavallee  clay  loam. 

do 

do 

do 

do 

Cornhill  clay  loam. 

do 

do 

do 

do 


Depth 


Inches 

0-15 

15-39 

39-53 

53-83 

83-113 

O-l 

4-10 

10-16 

16-30 

30-60+ 


PH 


7.29 
7.63 
7.72 
a24 
8.69 
7.40 
6.76 
8.72 
8.63 
8.27 


'  Dctprminations  made  by  E.  H.  Bailey. 
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Group  4  includes  two  soil  types,  or,  more  strictly,  soil  materials  of 
recent  deposition.  These  soils  are  Serrano  clay  loam  and  Jaucas, 
sand.  Their  characteristics  are  described  in  a  preceding  section  on 
Soils  and  Crops. 

Table  4  shows  the  reactions,  in  terms  of  pH  values,  of  various, 
soils  of  the  island,  which  were  sampled.  Determinations  were  made 
bv  the  electrometric  method,  using  the  hydrogen  electrode. 

SUMMARY 

St.  Croix,  the  largest  of  the  American  Virgin  Islands,  has  a  sub- 
humid  or  semiarid  tropical  climate  and  is  almost  constantly  fanned 
by  the  warm  trade  winds.  Somewhat  more  than  half  of  its  82  square 
miles  of  land  surface  is  mountainous  or  hilly. 

The  agricultural  lands  are  situated  chiefly  in  the  central  part  of 
the  southern  side  of  the  island.  In  the  past,  the  chief  crop  grown 
was  sugarcane  which  was  manufactured  into  sugar,  molasses,  and 
rum.  During  recent  droughts  and  owing  to  current  low  prices  of 
sugar,  agriculture  has  languished  almost  to  the  vanishing  point.. 
Rum  has  not  been  commercially  manufactured  during  recent  years- 
because  of  the  passage  of  the  eigliteenth  ammendment  to  the  Consti- 
tution. Much  land  is.  being  devoted  to  pasture  for  cattle  which  at 
present  supply  a  moderately  large  export  item. 

The  soils  have  been  classified  into  20  soil  types  and  5  phases  of 
types,  according  to  the  usual  Bureajn  of  Chemistry  and  Soils  methods.. 
Members  of  one  group  of  these  soils  comprising  7  soil  types  and  3 
phases  are  derived  from  limestones,  some  of  which  are  soft  and  some 
hard.  These  soils  are  moderately  shallow  but  in  general  very  fertile 
so  far  as  chemical  elements  of  fertility  are  concerned.  A  second 
group  of  9  soil  types  includes  soils  derived  from  alluvial  deposits. 
All  but  2  of  these  have  definite  lime  accumulations  in  the  subsoils,, 
and  all  but  3  have  a  heavy  claypan  in  the  upper  part  of  the  subsoil. 
Soils  of  a  third  group,  including  2  soil  types  and  2  phases,  are  de- 
rived chiefly  from  volcanic  rocks.  They  are  dark  colored  and  very 
fertile  where  not  too  shallow  and  too  steep  for  cuftivation.  Thej 
occupy  at  least  one-half  of  the  island.  The  fourth  group,  including 
2  soil  types,  represents  lagoon  and  beach  deposits  of  low  agricultural 
value.  Several  areas  of  soil,  especially  near  the  lagoons  and  sea 
margins,  are  impregnated  with  soluble  salts  and  black  alkali. 

The  arable  soils  of  the  island  are,  in  general,  fairly  fertile  and 
are  well  adapted  to  a  large  variety  of  fruits,  vegetables,  cotton,  and 
sugarcane  in  years  when  the  precipitation  is  sufficient.  The  steeper 
and  stonier  areas  are  well  adapted  to  tropical  forest  trees  and  to 
pasture  grasses.  Most  of  the  unused  lands  are  covered  with  a  dense' 
growth  of  thorn}^  brush  and  cactus. 

If  sugarcane  culture  continues  to  decline,  other  agricultural  pur- 
suits will  have  to  take  its  place.  It  is  recommended  that  especial 
attention  be  paid  to  subsistence  crops,  cattle,  dry  beans  for  the  Puerto 
Rican  market,  and  tropical  fruits.  Vegetables  for  the  winter  mar- 
kets of  the  United  States  may  also  prove  profitable. 

Lands  are  owned  chiefly  in  large  estates.  Labor  is  performed 
mainly  by  negroes,  and  farm  wages  are  low.  The  buildings  on  the 
estates,  with  a  few  exceptions,  are  badly  run  down  or  in  ruins.  The 
island  is  well  supplied  with  churches  and  schools  and  has  a  good, 
road  svstem  that  reaches  most  parts. 
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INTRODUCTION 

The  aecial  stage  of  Puccinia  graminis  Pers.  on  barberry  furnishes 
a  tremendous  amount  of  primary  inoculum  for  infecting  the  grain- 
fields  of  the  upper  Mississippi  Valley.  It  has  been  shown  clearly 
that  very  destructive  local  epiphytotics  and  widespread  regional 
epiphytotics  result  from  aeciospores  disseminated  from  barberries. 
For  this  reason  a  barberry-eradication  campaign  was  begun  in  1918 
by  the  United  States  Department  of  Agriculture  in  cooperation  with 
the  following  States:  Colorado,  Illinois,  Indiana,  Iowa,  Michigan, 
Minnesota,  Montana,  Nebraska,  North  Dakota,  Ohio,  South  Dakota, 
Wisconsin,  and  Wyoming. 

'  Presented  to  the  faculty  of  the  graduate  school  of  the  University  of  Minnesota  as  a  thesis  in  partial 
fulfillment  of  the  requirements  for  the  degree  of  doctor  of  philosophy.  Cooperative  investigations  between 
the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture, 
and  the  Agricultural  Experiment  Station  of  the  University  of  Minnesota. 

2  Since  July  1, 1930,  with  the  Division  of  Barberry  Eradication,  Bureau  of  Plant  Industry.  Acknowledg- 
ment is  made  to  E.  C.  Stakman  and  J.  J.  Christensen  for  helpful  suggestions  during  the  progress  of  this 
work,  and  to  M.  N.  Levins  for  valuable  suggestions  in  the  preparation  of  the  tables  and  in  verifying  the 
identification  of  many  of  the  physiologic  forms  of  Puccinia  graminis  tritici  obtained  from  aeciospores.  The 
writer  is  indebted  to  A.  H.  Blakeslee,  of  the  Carnegie  Institute  for  Experimental  Evolution,  for  the  Ber- 
beris vulgaris  atropurpurea  parent  and  the  hybrids  between  B.  thunbergii  and  B.  vulgaris  airopurpurea . 
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From  1918  to  1927,  inclusive,  approximately  16,000,000  bushes, 
sprouts,  and  seedlings  were  found  and  destroyed  in  these  States.^ 
In  1927,  10  years  after  the  campaign  started,  1,688,554  bushes, 
sprouts,  and  seedlings  were  found.  During  May  and  June  of  each 
year  a  large  proportion  of  the  remaining  bushes  were  rusted.  One 
heavily  rusted  barberry  bush  may  bear  about  70,000,000,000  aecio- 
spores  at  one  tune  (i<5i).* 

In  determining  the  potential  destructiveness  of  the  rust  produced 
on  these  bushes  it  is  necessary  to  take  into  consideration  the  suscepti- 
ble and  resistant  varieties  of  Berberis  and  Mahonia,  the  factors 
affecting  infection  of  the  bushes,  subsequent  development  of  the  rust, 
the  amount  of  inoculum  produced  under  certain  conditions,  the  libera- 
tion and  dissemination  of  the  aeciospores,  the  vitality  and  viability 
of  the  spores,  and  the  infection  of  grains  and  grasses  by  the  aeciospores. 
A  study  of  the  aecial  stage,  therefore,  is  extremely  important  from  the 
standpoint  of  ascertaining  the  factors  affecting  its  role  in  initiating 
rust  epiphytotics. 

Barberries,  however,  probably  serve  not  only  as  a  source  of  inoc- 
ulum but  also  as  a  breeding  ground  for  new  parasitic  strains  or 
physiologic  forms.  It  has  been  known  for  some  time  that  the  sexual 
process  of  the  rusts  initiates  the  aecial  stage  of  the  life  cycle.  It 
seems  entu'ely  probable,  therefore,  that  different  varieties  and  physio- 
logic forms  may  hybridize  on  the  barberry  and  produce  new  parasitic 
entities.  Color  is  lent  to  this  supposition  by  Craigie's  (4)  recent 
demonstration  that  Puccinia  graminis  is  heterothallic.  The  fusion 
of  two  strains  of  opposite  sex  is  prerequisite  to  the  formation  of 
aecia;  hence  it  seems  a  foregone  conclusion  that  dikaryophytes  with 
new  parasitic  capabilities  probably  are  produced  on  barberries.  The 
work  done  by  Allen  (1)  and  Hanna  (8)  along  these  lines  had  not  been 
published  when  the  writer  was  preparing  manuscript  for  this  publica- 
tion. Waterhouse  (19),  Newton,  Johnson,  and  Brown  (14),  and 
Stakman,  Levine,  and  Cotter  (17)  have  adduced  recent  evidence  to 
show  that  new  physiologic  forms  of  P.  graminis  tritici  hsLve  been 
artificially  produced  on  the  barberry  b}^  crossing  varieties  of  stem 
rust  and  physiologic  forms  within  the  variety.  It  is  essential,  there- 
fore, to  a  complete  understanding  of  the  present  habits  and  the 
possible  future  development  of  forms  of  stem  rust  to  investigate  this 
phase  of  the  problem  also.  For  these  reasons  the  writer  undertook  a 
comprehensive  investigation  of  the  factors  affecting  the  development 
of  the  aecial  stage  of  P.  graminis. 

HISTORICAL  REVIEW 

The  relationship  between  the  common  barberry  and  stem  rust  was 
suspected  as  early  as  the  seventeenth  century,  or  possibly  even  earlier. 
It  is  said  that  a  law  requiring  the  eradication  of  the  bush  was  passed 
in  Rouen,  France,  in  1660.  It  was  known  definitely  that  laws  requir- 
ing its  eradication  in  some  of  the  colonies  were  passed  long  before  the 
Revolutionary  War.  It  was  not,  however,  until  late  in  the  eighteenth 
century  or  the  beginning  of  the  ninteonth  that  definite  experhnents 
were  made  to  determine  the  exact  relationship  between  barberries 

'  HuTTON,  L.  D..  and  Harinoer,  J.  W.  annual  report  of  the  barberry  eradication  campaign, 
1027,  WITH  .scMMARiZKDKKSUi.TSKoit  i(ii8-i»27,  iNc'i-usivK.  U.S.  De|)t.  Arf.,  Bur.  Plant  Indus.,  OIT.  Cereal 
Crops  and  I)i.sfi!i.scH  Miincogniphed  I'amplilot.     :tl  )>.,  illus.     Kebrimry,  1928. 

*  Italic  nuinbpr.s  in  parentheses  refer  to  I>iterature  Cited,  p.  37. 
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and  rust.  According  to  Cobb  (3),  Joseph  Banks  suggested  in  1805 
the  possibility  that  the  rust  on  barberry  and  the  rust  on  wheat 
belonged  to  the  same  species.  In  the  period  from  1807  to  1816, 
Schoeler,  according  to  Freeman  and  Johnson  (7),  planted  small 
grains  around  barberry  plants  and  found  that  oats  and  rye  were  in 
danger  of  destruction  by  rust  when  growing  near  them.  In  1816  he 
made  rather  crude  but  effective  inoculations  by  rubbing  rusted  bar- 
berry leaves  on  rye  plants  moist  with  dew.  Schoeler  marked  the 
plants  and  about  five  days  later  observed  that  they  were  heavily 
rusted,  whereas  those  elsew^here  in  the  field  were  free  from  rust. 
According  to  Freeman  and  Johnson  (7),  in  1818  a  German  farmer 
gathered  the  dust  that  fell  from  the  cups  on  barberry  leaves  and  took 
it  to  a  far  distant  vye  field  where  there  were  no  barberries  and  placed 
it  on  some  of  the  plants.  Within  five  or  six  days  rust  appeared  on 
these  plants  but  was  not  evident  elsewhere  in  the  field. 

It  was  not  until  1852,  however,  that  the  genetic  relationship  be- 
tween the  so-called  summer  rust,  Uredo,  and  the  autumn  rust,  Puc- 
cinia,  was  demonstrated  by  Tulasne  (7).  He  showed  also  that  the 
teliospores  would  not  germinate  until  the  spring  following  the  faU 
in  which  they  were  formed.  It  remained  for  de  Bary  to  show  in  1865 
(7)  that  barberries  would  become  infected  when  inoculated  with 
teliospores  and  that  grains  would  become  infected  wdien  inoculated 
with  aeciospores.  De  Bary's  results  have  been  repeated  and  confirmed 
so  often  that  there  is  no  question  as  to  the  genetic  relationship  of  the 
rust  on  the  barberry  and  that  on  grains  and  grasses.  De  Bary's  dis- 
covery immediately  stimulated  more  detailed  observations  regarding 
the  responsibility  of  barberries  in  initiating  epiphytotics  of  stem  rust. 

In  1918  an  extensive  barberry-eradication  campaign  was  under- 
taken in  the  13  grain-growing  States  in  the  upper  Mississippi  Valley 
in  the  United  States.  This  activity  immediately  created  a  demand  for 
information  regarding  the  susceptibility  of  different  species  and 
varieties  of  Berberis  and  for  detailed  information  on  the  factors  affect- 
ing the  development  of  the  aecial  stage  in  general.  Stakman  and 
Levine  compiled  in  1923  ^  a  list  of  susceptible  and  resistant  bar- 
berries, and  this  was  followed  by  supplementary  lists  by  Melander 
and  by  Melander  and  Lambert  in  1923  and  1924.^ 

The  writer  began  a  detailed  study  of  the  susceptibility  of  various 
species  and  varieties  of  barberry  in  1925.  Further  facts  regarding  the 
historical  development  and  knowledge  concerning  the  aecial  stage  of 
the  rust  will  be  found  in  the  body  of  this  bulletin  in  connection  with 
the  particular  experiments  to  which  they  apply. 

METHODS  AND  MATERIALS 

In  the  barberry-eradication  campaign  it  was  found  necessary  to 
specify  definitely  the  species  and  varieties  of  barberry  that  were  sus- 
ceptible to  rust  and  that  therefore  should  be  placed  in  the  list  of  quar- 
antined species.  Inquiries  have  come  in  from  time  to  time  concerning 
the  susceptibility  of  certain  species,  but  unfortunately  no  information 
was  available  regarding  many  species  grown  in  botanical  gardens, 
arboreta,  private  estates,  and  parks.     The  publication  by  Stakman 

«  .STAKMAN,  E.  C,  and  Levine,  M.N.  A  partial  kepokt  on  the  susceptibility  and  resistance  of 
BERBERIS  ANi)  RELATED  GENERA  TO  STEM  RUST.  Cereal  Courier  [Office  of  Cersal  Crops  and  Diseases] 
15(24):  278-287.    Sept.  30,  1923.     [Mimeographed.] 

I^MelANDER,    L.    W.      STUDIES   OF   THE   RELATION    OF   BERBERIS  SPECIES  TO   PUCCINIA   GRAMINIS   PERS. 

[Unpublished  thesis,  University  of  Minnesota.    1924.] 
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and  Levine  in  1923  ^  of  a  list  of  susceptible  and  resistant  species  helped 
to  clear  up  the  doubt  in  many  cases,  but  there  were  still  many  species 
of  barberry  whose  reaction  to  rust  was  unknown.  Some  barberries 
could  not  be  condemned  for  destruction  by  the  workers  in  the  bar- 
berry-eradication campaign  because  the  question  of  their  susceptibility 
to  rust  had  not  been  settled.  These  plants  were  in  some  cases  a 
potential  menace  to  grainfields,  for  it  was  possible  that  the  barberries 
might  rust  shortly  after  the  visit  of  the  barberry  field  men  and  might 
broadcast  inocYilum  over  the  grainfields  before  it  was  found  that  the 
plants  of  that  particular  species  rusted  and  should  be  removed.  To 
procure  information  on  this  subject,  the  writer  undertook  a  green- 
house inoculation  study  of  as  many  species,  varieties,  and  hybrids 
of  Berberis  as  were  obtainable. 

The  following  methods  were  used  in  inoculating  barberries:  (1)  A 
few  drops  of  a  suspension  of  teliospores  in  water  were  placed  on  the 
young  leaves  or  shoots  of  the  barberry  with  a  loop  needle.  The 
plants  were  then  kept  48  hours  in  a  moist  chamber,  (2)  When  it  was 
desired  to  secure  heavy  infection  on  all  parts  of  the  plant,  heavily 
rusted  straw  was  placed  on  wire  screens  supported  above  the  plants  to 
be  inoculated.  The  incubation  period  with  this  method  was  usually 
72  hours,  although  it  was  reduced  to  24  hours  with  good  results  when 
the  telia  had  been  presoaked  in  water  12  to  24  hours.  After  incuba- 
tion the  plants  were  placed  on  the  greenhouse  bench  in  the  evening 
in  order  to  avoid  solar  injury  to  the  tender  tissues.  Pycnia  usually 
appeared  about  the  fifth  or  sixth  day. 

The  rust  varieties  used  in  the  experimental  work  were  Puccinia 
graminis  tritici  (Pers.)  Eriks.  and  Henn.  and  P.  graminis  secalis  (Pers.) 
Eriks.  and  Henn.  Five  difi^erent  collections  of  P.  graminis  secalis  were 
used  in  the  various  phases  of  the  work. 

Most  of  the  barberries  tested  for  susceptibility  were  sent  to  Uni- 
versity Farm,  St.  Paul,  Minn.,  from  Bell,  Md.,  by  B.  Y.  Morrison,  of 
the  Bureau  of  Plant  Industry,  United  States  Department  of  Agricul- 
ture. A  smaller  number  was  obtained  from  Highland  Park,  Roches- 
ter, N.  Y.,  and  others  came  from  unknown  sources.  The  common 
barberries  used  as  checks  in  most  of  the  experiments  were  supplied  by 
L.  W.  Melander,  in  charge  of  barberry  eradication  in  Minnesota. 

The  degree  of  infection  was  necessarily  based  on  the  individual 
barberry  leaf,  as  there  were  not  always  large  numbers  of  young  leaves 
on  the  plants  when  inoculations  were  made.  When  only  a  single 
pycnium  occurred  on  a  leaf  the  infection  was  designated  as  very  light; 
when  there  were  2  to  4  on  a  single  leaf  it  was  designated  as  light;  5  to 
10  pycnia  on  an  individual  leaf  indicated  moderate  infection;  if  the 
pycnia  exceeded  10  in  number  the  infection  was  designated  as  heavy; 
and  when  pycnia  on  a  leaf  were  numerous  and  nearly  confluent  the 
infection  was  considered  very  heavy.  Although  not  perfect,  this 
scale  has  been  found  to  satisfy  the  requirements  of  the  work. 

EXPERIMENTAL  RESULTS 

SUSCEPTIBLE  AND  RESISTANT  VARIETIES  OF  BERBERIS 

In  Table  1 ,  which  is  a  compilation  of  the  lists  of  Stakman  and  Levine, 
Melander,  Melander  and  Lambert,  and  Cotter,  are  listed  those  species 
and  varieties  of  Berberis  whose  susceptibility  to  Puccinia  graminis  is 
known. 

'  Stakman,  E.  C,  and  Lkvine,  M.  N.    Op.  cit.    (See  footnote  6.) 
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Table  1. — -Species  and  varieties  of  Berberis  known  to  be  susceptible  to  Puccinia 
graminis,  as  compiled  by  Stakman  and  Levine,  Melander,  Melander  and  Lambert, 
and  Cotter  * 

STAKMAN  AND  LEVINE,  1923 


Host 

Source  of  information 

No. 

Original  observa- 
tions 

Literature  references  J 

Degree  of  infec- 
tion 

Artificial 
inocula- 
tion 

Natural 

infection 

in  field 

1 

Berberis  aetnensis  Presl 

Saccardo;  Sydow 

? 

B.  alesuthensis  Hort       -     .. 

+ 

3 

B.  altaica  Pall 

Saccardo;  Klebahn 

Saccardo;  Sydow;  Jac- 
zewski;  Klebahn. 

4 

B.  amurensis  Rupr 

+ 

+ 

+ 
+ 

Normal. 

5 

B.  angulosa  Wall 

6 

B.  arlstata  DC 

+ 

Bolley;  Klebahn;  Sac 

cardo;  Sydow. 
Butler  and  Hayman. 
Sydow                 . 

(B.  coriaria  Royle) 

7 

B.  asiatica  Roxb 

8 

B.  atropurpurea  Kegel 

+ 

Klebahn 

9 

B.  brachybotrys  C.  Gay 

Saccardo 

(B.  brachvbotrydis  C.  Gay) 

Sydow 

in 

B.  bretschneideri  Rehd 

+ 

11 

B.  brevipaniculata  C.  Schneid 

B.  buxifolia  Lam 

+ 

Moderate. 

n 

Sydow_._ 

Bolley;  Klebahn;  Sac- 
cardo; Sydow. 

Saccardo;  Sydow 

Saccardo 

13 

B.  canadensis  Mill- 

+ 

+ 

+ 
+ 

Heavy, 

(B.  caroliniana  Loud.) 

(B.  fischeri  Hort.) 

14 

B.  coryi  Veitch  (B.  wilsonae subcaul- 

ialata  Schn.). 
B.  crataegina  DC 

-f 

15 

+ 

15 

B.  cretica  L ■ 

17 

B.  declinata  Schrad (.. 

Arthur 

18 

B.declinataoxyphyllaC.  Schneid .  _ 

+ 

19 

B.  diaphana  Maxim 

B.  dictonhylla  Franch 

+ 
+ 
+ 

Moderate. 

20 

Do. 

21 

B.  durobrivensis  C.  Schneid 

B.  emarginata  Willd 

22 

+ 

Bolley 

(B.  vulgaris  emarginata  Qord.)..L.. 

23 

B.  emarginata  britzensisC.  Schneid. .L 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

24 

B.  fendleri  A.  Gray... L.. 

Arthur 

25 

B.  fremontii  Torr 

Moderately  re- 

?fi 

B.  fuchsioides  Hort 

sistant. 

V 

B.  haematocarpa  Wooton ...' 

?,8 

B.  heteropoda  Schrenk  . 

Jaczewski;  Sydow 

Klebahn;  Sydow 

Jaczewski  .      

29 
30 

B.  ilicifolia  Forst 

B.  integerrima  Bunge... 

+ 

31 

B.  laxiflora  Schrad 

+ 
+ 

3? 

B.  leichlinii  Hort \ 

+ 
+ 

Heavy. 

33 

B.  lucida  Schrad ' 

34 

B.  Ivcium  Royle 

Klebahn 

35 

B.  macrophylla  Hort- -  ..        

Saccardo 

3fi 

B.  meehanii  C.  Schneid ! 

+ 

37 

B.  nepalensis  (DC)  Spreng                 '. 

Butler  and  Hayman; 

Klebahn;      Sydow. 
Bolley;          Klebahn; 

Saccardo;  Sydow. 

38 

B.  neubertii  Lem 

+ 
+ 

39 

B.oblonga  C.  Schneid 

40 

B.  provincialis  serrata  C.  Schneid 

B.  pruinosa  Franch. ! 

B.  regeliana  Koehne 

+ 
+ 

Moderately   re- 

41 

sistant. 
Do. 

42 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

(B.amuxensisjaponicaRehd.)... 

(B.  vulgaris  japonica  Kegel) 

43 

B.  sibirica  Pall 

Arthur;       Jaczewski; 

Saccardo;  Sydow. 
Klebahn 

44 

B.  sieboldii  Miq 

B.  sinensis  Desf.  (B.  chinensis  Poir.) 

+ 

Heavy. 

45 

Arthur;  Sydow. 

4fi 

B.  stapflana  C.  Schneid 

B.  subcaulialata  C.  Schneid 

+ 

47 

'  A  plus  mark  (+)  in  the  column  entitled  "Artificial  inoculation"  indicates  that  when  greenhouse  inoc- 
ulations on  that  particular  species  were  made,  infection  occurred,  the  variety  of  inoculum  used  being 
unknown  unless  otherwise  stated.  A  plus  mark  in  the  column  entitled  "Natural  infection  in  field" 
indicates  that  plants  found  growing  in  the  field,  in  arboreta,  or  in  gardens  were  found  naturally  infected. 
A  blank  indicates  that  no  inoculations  were  made  on  that  particular  species. 

'  Citations  in  list  of  Stakman  and  Levine.    (See  footnote  5.) 
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Table  1. —  Species  and  varieties  of  Berberis  known  to  be  susceptible  to  Puccinia 
graminis,  as  compiled  by  Stakman  and  Levine,  Melander,  Melander  and  Lambert, 
and  Cotter — Continued 

STAKMAN  AND  LEVINE,  1923— Continued 


No. 


Host 


Source  of  information 


Original  observa- 
tions 


Artificial 
inocula- 
tion 


Natural 

infection 

in  field 


Literature  references 


Degree  of  infec- 
tion 


48 
49 
50 

61 
52 


53 
54 
55 
56 
67 
68 
69 
60 
61 
62 
63 

64 
65 
66 

67 

68 


B.  swaseyi  BuckJ 

B.  thibetica  C.  Schneid. 
B.  trifoliolata  Moric 


+ 
+ 

+ 


B.  umbellata  Wall. 
B.  vulgaris  L 


+ 


B.  vulgaris  alba  Weston 

B.  vulgaris  asperma  Don 

B.  vulgaris  atropurpurea  Regal 

B.  vulgaris  fructoviolacea  Hort 

B.  vulgaris  lutea  Don 

B.  vulgaris  macrocarpa  Jaeger 

B.  vulgaris  mitis  Hort 

B.  vulgaris  nigra  Don 

B.  vulgaris  purpurea  Hort 

B.  vulgaris  sanguinolenta  Hort 

B.  vulgaris  spathulata  Gord.     (B. 
chinensis  Poir.). 

B.  vulgaris  sulcata  Hort.- 

B.  vulgaris  violacea  WiUd 

B.  aquifolium  Pursh 


B.  diversifolia  (Sweet)  Steud. 
B.  glauca 


+ 


-i- 


+ 


+ 

+ 
+ 
+ 


+ 
+ 
+ 

+ 

+ 

+ 


Arthur. 
Arthur. 


Butler  and  Hayman.. 

Arthur;  Bolley;  Butler 
and  Hayman;  Jac- 
zewski;  Klebahn; 
Saccardo;  Sydow. 


Moderately  re- 
sistant. 


Sydow 

Sydow  et  al. 


Jaczewski;  Sydow. 


Arthur 

Arthur;  Sydow. 


Heavy. 


Moderate. 

Somewhat 
sistant. 


re- 


MELANDER  AND  LAMBERT,  1923 


B.  coryi  Veitch 

B.  haematocarpa  Wooton 

B.  lucida  Schrad 

B.  swaseyi  Buckl 

B.  thibetica  C.  Schneid... 


-f- 

+ 
+ 
+ 


MELANDER,  1924 


B.  chinensis  Poir 

B.  koreana  Palib 

B.  vanfleetii  C.  Schneid 


+ 
+ 


COTTER,  1925-1931 


1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 


B.  acuminata  Franch 

B.  aemulans  C.  Schneid 

B.  aetuensis  Presl.. - 

B.  aggregata  C.  Schneid 

B.  aggregata  prattii  C.  Schneid 

B.  alesuthcnsis  Hort 

B.   amurensis  japonica   Rebd.    (B. 
regeliana  Koehne). 

B.  arvensis  Ilort 

B.  asiatica  Ro.xb 


B.  atrocarpa  C.  Schneid 

B.  bergmanniae  C.  Schneid. 


+ 
-f 
-1- 
+ 
+ 

+ 

+ 
+ 

+ 


-f» 


Saccardo;  Sydow. 


Sydow. 


12  I  B.  brachypoda  Maxim 

'From  this  point  on,  socalis  was  used  a.s  inoculum  unless  otherwise  shown. 

'First  rccorde'I  artificial  infection,  although  natural  infection  was  noted  previouslyi 
'  First  observecl  by  Stakman  and  Lovine. 
•  The  variety  of  iiioculuin  u.sed  was  Irilicl. 


Heavy. 

Pycnia. 

Heavy. 

Moderate. 

Pycnia  only. 

Heavy. 

Light. 

Heavy. 

Heavy;  pycnia 
only. 

Heavy. 

Moderate;  pyc- 
nia only. 

Moderate. 
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Table  1. — Species  and  varieties  of  Berberis  known  to  be  susceptible  to  Puccinia 
graminis,  as  compiled  by  Stakman  and  Levine,  Melander,  Melander  and  Lambert, 
and  Cotter — Continued 

COTTER,  1925-1931— Continued 


Host 

Source  of  information 

No. 

Original  observa- 
tions 

Literature  references 

Degree  of  infec- 
tion 

Artificial 
inocula- 
tion 

Natural 

infection 

in  field 

13 

B   californica  Jeuson 

+ 

+ 

+ 

Light:  pycnia 

14 

B.  crataegina  DC-      

+5 

only. 
Moderate. 

15 

B.  declinata  oxyphylla  C.  Schneid... 
B.  dielsiana  Fedde             

Heavy. 

IR 

Light. 

17 

B   dulcis  nana  Hort 

Pycnia;  light. 

18 

B.  emarginata  Willd 

+5 

Bolley  and  Pritchard  . 

Heavy. 

1<» 

B.  emarginata  britzensis  C.  Schneid. 
B.  fendleri  A.  Gray 

+« 
+< 

Do. 

90 

Arthur;   Durrell  and 
Lungren. 

Moderate. 

?1 

B.  fremontii  Torr                  

+ 

+ 
+ 

+ 
+ 
+ 

4- 

Light. 

??. 

B.  francisci-ferdinandi  C.  Schneid... 
B  fuchsioides  Hort                . 

Heavy. 

?3 

+' 

Do. 

?4 

B.  gagnepaini  C.  Schneid 

Pycnia;  light. 

?S 

B.  £ril£iana  Fedde 

Very  light. 

?fi 

B.  heteropoda  Schrenk          

+« 

Jaczewski;  Sydow 

Moderate. 

?7 

B.  henryana  C.  Schneid 

Light. 

?S 

B.  hookeri  Lem 

Do. 

?9 

B.  hybrida  serrata  Hort        .  .  . 

Heavy. 

SO 

B.  japonica  Spreng.  (B.  bealei  Fort.)- 

Light. 

31 

B    kniglitii  Hort    (wallichiana  var.          4- 

Do. 

3? 

latifolia)  (B.  xanthoxylon  Hassk.). 
B.  koehneana  Sclmeid  

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

Moderate. 

33 

B.  levis  C.  Schneid.  (Bell  149)  « 

B.  lycium  Royle           

Light. 

34 

(9,  10) 

Moderate. 

35 

B.  meehanii  C.  Schneid 

Do. 

36 

B,  niorrisonensis  Hayata 

Light. 
Heavy. 
Very  heavy. 
Heavy. 

Do. 

Light. 

37 

B.  notabilis  C.  Schneid      .  .      . 

38 

B.  neubertii  Hort.      

+5 

Bolley  and  Pritchard.. 

39 

B.  nevinii  A.  Gray  (Mahonia  nevinii 

Fedde). 
B.  oblonga  C.  Schneid..  

40 

+» 

41 

B.  parvifolia  Sprague 

4? 

B.  poiretii  C.  Schneid 



Do. 

43 

B.  poiretii  latifolia  C.  Schneid 

B.  polyantha  Hemsl.  (B.  aggregata 

prattii  C.  Schneid.). 
B.  prattii  C.  Schneid.  (B.  aggregata 

prattii  C.  Schneid.). 
B.  serotina  Lange  (B.  chinensis  Poir.) 
B.  sinensis  Desf.  (B.  chinensis  Poir.). 
B.  soulieana  C.  Schneid 

Do. 

44 

Moderate. 

45 

« 

Do. 

48 

Do. 

47 
48 

+5 

Arthur;  Sydow 

Light. 
Do. 

49 

B.  subcaulialata  C.  Schneid 

+5 

Do. 

50 

B.  umbellata  Wall  . 

Heavy. 

51 

B.  vernae  C.  Schneid 

Light. 

69 

B.  virescens  Hook  I 

+ 

Do. 

63 

B.  viridis  Hort 

+ 

+ 
+ 

Moderate. 

64 

B.  vulgaris  atropurpurea  Kegel 

(B.  vulgaris  purpurea  Bertin).., 
B.  vulgaris  sheyalle  Hort 

+5 

Do. 

Svdow  etal    . 

Heavy. 

66 

Do. 

B.  wilsonae  Hemsl.  and  Wils 

B.  wilsonae  Hemsl.   var.  Autumn 
Cheer. 

B.  wilsonae  Hemsl.  var.  Firefly 

B.  wilsonae  Hemsl.  var.  Sparkler 

Moderate. 

6fi 

Heavy. 

57 

Light. 

68 

Do. 

69 

Very  light. 

*  First  recorded  artificial  infection,  although  natural  infection  was  noted  previously. 

5  First  observed  by  Stakman  and  Levine. 

'  Both  tritici  and  secalis  used  as  inoculum. 

^Number  given  at  U.  S.  Plant  Field  Station,  Glenn  Dale,  Md. 

'Observed  by  Butler  and  Hayman. 

I"  Observed  by  Klebahn. 

"  Pycnia  only  on  previous  trials. 

"  The  variety  of  inoculum  used  was  poae. 

It  will  be  seen  from  Table  1  that  the  number  of  susceptible  species 
and  varieties  of  Berberis  far  exceeds  that  of  the  immune  varieties. 


8 


TECHNICAL  BULLETIN  314,  U.  S.  DEPT.  OF  AGRICULTURE 


The  question  naturally  arises  as  to  whether  reaction  to  rust  is  cor- 
related with  gross  morphological  characters.  In  general,  those  species 
which  are  susceptible  to  Puccinia  graminis  resemble  Berberis  vulgaris 
somewhat  in  the  size,  shape,  and  texture  of  the  leaves,  while  those 
resembling  B.  thunbergii  are  likely  to  be  resistant.  Of  course,  there 
are  exceptions  to  this  generalization.  For  example,  B.  wilsonae  Hemsl. 
and  Wils.  is  characterized  by  small,  lanceolate  leaves,  while  B.  vulgaris 
has  relatively  large  and  oval  leaves,  but  both  are  quite  susceptible 
to  P.  graminis.  B.  hookeri  Lem,  (susceptible)  differs  widely  from 
B.  vulgaris  in  leaf  texture,  the  former  possessing  leaves  that  are  hard 
and  leathery  in  texture  when  mature,  while  those  of  B.  vulgaris  are 
soft  and  more  or  less  tender.  The  leaves  of  B.  neubertii  Hort.  (very 
susceptible)  are  about  2  inches  wide  and  3  inches  long,  while  those  of 
B.  vulgaris  are  less  than  1  inch  wide  and  about  IK  inches  long.  As 
a  general  rule,  however,  there  seems  to  be  a  close  correlation  between 
the  B.  vulgaris  type  of  leaf  and  susceptibility  to  P.  graminis. 

Certain  indications  have  pointed  out  that  while  the  plants  of  a 
botanical  species  of  Berberis  may  be  phenotypically  similar,  they  may 
be  geno typically  dissimilar  with  respect  to  susceptibility  to  P.  graminis, 
or  there  may  be  a  very  narrow  range  of  conditions  within  which  infec- 
tion may  take  place  on  certain  species.  In  one  shipment  of  B.  hookeri 
there  were  12  plants.  Within  a  period  of  two  years  18  inoculations 
were  made  on  these  plants  and  only  one  aecium  resulted,  but  this 
lone  aecium  was  perfectly  normal  in  all  respects.  Other  species  that 
may  not  be  homozygous  for  rust  resistance  are  B.  aristata  DC,  B. 
brachypoda  Maxim.,  B.  gilgiana  Fedde,  and  B.  soulieana  C.  Schneid. 

In  Table  2  are  given  those  genera  and  species  of  the  Berberidaceae 
that  did  not  rust  when  artificially  inoculated  in  the  greenhouse.  The 
variety  of  rust  used  in  the  inoculations  is  given,  the  term  "variety" 
here  being  used  to  designate  one  of  the  group  forms  of  Puccinia 
graminis.  The  number  of  trials  for  each  species  is  the  total  of  the 
inoculations  made  by  Stakman  and  Levine  plus  those  of  the  present 
author.  All  the  species  here  listed  are  not  to  be  considered  definitely 
immune,  since  further  inoculations  may  prove  that  some  of  the  species, 
except  B.  thunbergii  DC.  or  its  varieties,  are  susceptible.  The  first 
list  of  immune  barberries,  made  three  years  ago,  contained  more  than 
double  the  number  presented  in  Table  2,  so  conclusions  as  to  resistance 
or  immunity  of  any  species,  based  on  a  small  number  of  negative 
results  should  not  be  regarded  as  of  great  value. 

Table  2. — Genera  and  species  of  Berberidaceae  that  did  not  rust  as  a  result  of  artificial 
inoculation  with  teliospores  of  five  varieties  of  Puccinia  graminis 


Oenera  and  species 


Berberis  beaniana  C.  Schneid.. 

II.  concinna  Jlook 

B.  edgeworthiana  C.  Schneid 

B.  ottawensis  O.  Schneid 

B.  potaninii  Maxim 

B.  rcpcns  Lindl 

B.  stenophylla  Mast 

B.  thunbcfKii  DC 

B.  Ihunbcrpii  alropurpurea  Ilort 

B.  lhunber>;ii  nmxiiTiowic/.ii  (Kegel)  C.  Schneid 

B.  tlmnbcrnii  minor  Holid 

('aulophyllum  Ihaliclroidcs  (L.)  Mlchx 

Diphylleia  cymosa  Michx 

JefTersonia 'liphyllii  (L.)  Pers 

Podophyllum  pcllutum  L 


Number  of  inoculations  with  varieties  of  P.  gramini 


Agroslidis   A  venae       Poae 


0 
0 
0 
0 
0 
0 
0 
0 
12 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
4 
0 

13 
0 

11 
1 
0 
0 


Secalis       Tritici 


0 
0 
0 
1 
1 
0 
0 
0 
14 
0 
0 
0 
0 
0 
0 


11 

7 

12 

5 

7 

18 

11 

21 

248 

24 

3 

6 

2 

0 

0 


0 
0 
0 
0 
1 

34 
1 
7 

36 

10 
0 

19 
0 
2 
2 
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A  few  of  the  barberries,  previously  listed  as  susceptible,  exhibit 
what  may  be  a  physiologic  rather  than  a  morphologic  resistance,  as 
probably  is  the  case  with  the  majority  of  those  barberries  now  con- 
sidered or  proved  immune.  For  example,  mature  leaves  of  Berberis 
asiatica  are  rather  leathery,  but  the  young  leaves  are  soft  and 
smooth.  When  this  species  was  inoculated  with  teliospores  of  the 
tritici  variety  of  Puccinia  graminis,  a  heavy  pycnial  infection  resulted, 
but  no  aecia  formed.  (See  pi.  5.)  When  examined  with  a  hand  lens,  a 
single  outgrowth,  possibly  an  abortive  aecium,  was  sometimes  seen  on 
the  dorsal  surface  of  the  leaf.  On  this  species  the  fungus  was  able  to 
penetrate  the  leaf  and  produce  the  initial  infection,  but  for  some  reason 
was  prevented  from  completing  the  normal  development  of  the  rust. 

The  same  phenomenon — heavy  pycnial  infection  with  subsequent 
production  of  a  few  or  no  aecia — is  frequently  seen  in  varying  degrees 
on  the  compound-leaf  barberries,  the  Mahonias  of  some  authors. 
Berberis  fremontii  Torr.,  B.  haematocarpa  Wooton,  B.  nevinii  A. 
Gray,  B.  swaseyi  Buckl.,  and  B.  trvfoliolata  Moric.  are  infected  without 
great  difficulty.  Aecia,  however,  fail  to  develop  in  about  half  the 
number  of  infections.  With  B.  aquijolium.  Pursh  and  B.  californica 
Jepson,  infection  has  been  difficult  to  secure,  and  only  a  few  pycnia 
usually  are  present,  with  no  aecia.  In  Europe,  however,  infection  has 
been  reported  on  the  fruits  of  B.  aquijolium,  and  in  the  United  States 
and  Canada  on  the  leaves  of  B.  aquijolium  in  a  few  cases. 

Although  those  species  and  varieties  of  Berberis  that  resemble 
B.  vulgaris  seem  in  general  to  be  susceptible  to  rust  and  those  of  the 
B.  thunbergii  type  resistant,  there  is  some  observational  evidence  that 
hybrids  between  the  two  sometimes  may  have  the  susceptibility  of 
B.  vulgaris  and  many  of  the  morphologic  characters  of  B.  thunbergii. 
It  seemed  worth  while,  therefore,  to  study  the  rust  reaction  of  hybrids 
between  these  two  species  in  order  to  ascertain  whether  there  is  a 
correlation  between  morphologic  characters  and  susceptibility  to 
rust.    The  results  are  summarized  in  Table  3. 

Table  3. — Reaction  of  Berberis  vulgaris   X    B.   thunbergii  hybrids  to  Puccinia 
graminis  tritici  and  P.  graminis  secalis 


Reaction  of  hybrids  '  to— 

Crosses 

P.  graminis  tritici 

P.  graminis  secalis 

Resistant 

Suscep- 
tible 

Resistant 

Susceptible 

J\  vnlcraris  V  "R   thnnbfirerii  Fi  (Fi  individuals) 

SO.  B.  1 

2B.  C.  1 

B.  C.2 

B.  C.3 

3  201  (1,2,5, 

9,  10,  11) 

C.B.I 

'207(3,9,14) 

*  207  {xj 

201  (6,  8) 
202  (1,  2,3) 

3  204  (3,  9, 

10,  11) 

3  205  (3,  6,  9) 

3  206  (2) 

<  207  (X,  9, 

11,  15,  23, 

28,  29,  30) 

203  (2) 

204(2) 

<  207  {X,  2,  3, 

B.  vulgaris  X  B.  thunbergii  Fj  (Fj  individuals). .- 

5,  10,  14, 18, 
19,  22,  27) 

B.  C.  1  X  B.  vulgaris  (back  cross).     

. 

203  (2) 

203  (1,  2) 

'  Individuals  are  grouped  according  to  F2  families  and  back  crosses.    For  example,  201  (1,  2,  5,  9,  10,  11) 
means  individuals  1,  2,  5,  9,  10,  and  11  of  family  201. 

2  According  to  Blakeslee,  B.  C.  1,  2,  and  3  and  C.  B.  1  are  Fi's  from  crosses  made  in  1914  between  Berberis 
thunbsrgii  and  the  purple-leaved  variety  of  barberry. 

3  Numbers  given  by  A.  H.  Blakeslee,  Carnegie  Institute  for  Experimental  Evolution,  Cold  Spring 
Harbor,  N.  Y. 

*  1= plants  plowed  up  in  the  nursery  and  replaced  without  numbers. 
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The  plants  used  in  this  study  were  furnished  by  A.  H.  Blakeslee,  of 
the  Carnegie  Institute  for  Experimental  Evolution  at  Cold  Spring 
Harbor,  N.  Y.  They  were  crosses  between  Berberis  vulgaris  atro- 
purpurea  and  B.  tJtunbergii.  The  plants  were  removed  from  the  field 
at  that  place  and  shipped  to  St.  Paul,  Minn.,  where  they  were  potted 
and  subsequently  inoculated  on  the  appearance  of  new  leaves.  They 
were  inoculated  with  Puccinia  graminis  tritici  form  18  from  Laramie, 
Wyo.;  P.  graminis  secalis  form  9  from  Wanamingo,  Minn.;  and  P. 
graminis  secalis  form  11  from  Litchfield,  Minn. 

The  purple-leaf  common  barberry  parent  was  determined  as  sus- 
ceptible. The  other  parent,  Berberis  thunbergii,  is  known  to  be 
immune.  Of  the  four  Fi  individuals  referred  to  in  footnote  2  of 
Table  3,  one,  C.  B.  1,  was  susceptible,  while  three,  B.  C.  1,  B.  C.  2, 
and  B,  C.  3,  did  not  rust  as  a  result  of  the  five  inoculations  made.  Of 
the  three  individuals  obtained  from  a  back  cross  of  B.  C.  1  X  Purple, 
two  were  susceptible  and  the  third  was  rust  free  in  three  inoculations. 
Of  these  inoculations,  only  the  series  in  which  the  checks  were  infected 
are  included. 

Of  the  four  individuals  obtained  from  a  cross  of  B.  C.  1  XB.  C.  3, 
three  of  the  four  F2  individuals  are  susceptible,  the  status  of  the  other 
being  unkno\\Ti. 

Data  are  available  on  the  reaction  of  38  F2  individuals  belonging  to 
six  F2  families  of  a  population  of  45.  Of  this  number,  22  were  immime 
from  and  16  susceptible  to  Puccinia  graminis  secalis  in  repeated  mocu- 
lations.  These  small  numbers  constitute  a  ratio  of  three  to  two  and 
are  not  definitely  indicative  of  the  number  of  genetic  factors  involved. 
Nor  is  it  possible  to  ascertain  from  the  reaction  of  either  the  Fi  or  F2 
generation  whether  resistance  or  susceptibility  is  dominant. 

In  this  particular  cross,  susceptible  plants  were  in  general  like  the 
susceptible  parent  in  morphologic  characters.  The  leaf  color  of  most 
of  the  plants  was  green,  very  few  purple-leaf  plants  being  present. 
All  the  purple-leaf  plants  were  susceptible.  The  immune  individuals 
resembled  the  Berberis  thunbergii  more  than  the  B.  vulgaris  parent; 
therefore,  it  would  seem  that  there  is  a  correlation  between  morpho- 
logic characters  and  resistance  to  Puccinia  graminis.  This  makes  the 
eradication  of  barberries  easier,  as  apparently  there  is  but  little  ground 
for  the  fear  that  there  may  be  numerous  hybrids  that  look  like  B. 
thunbergii  but  rust  like  B.  vulgaris. 

GERMINATION  OF  TELIOSPORE9 

The  species  and  varieties  of  Berberis  susceptible  and  those  resistant 
to  rust  having  been  determined,  experiments  were  made  to  ascertain 
the  conditions  governing  infection  of  the  susceptible  varieties.  B. 
vulgaris  was  the  principal  species  used  in  the  experiments.  Obviously, 
the  first  factor  to  be  considered  in  studying  the  sequence  of  infection 
in  the  accial  stage  is  the  germination  of  the  teliospores. 

It  has  been  known  for  many  years  that  the  germination  of  teliospores 
is  capricious.  DeBaiy  {3,  p.  24)  observed  that  they  rarely  germinated 
immediately  after  their  formation.  It  is  definitely  known  that  a 
resting  ])ej-i()(l  is  refpiirod  Ix^fore  they  can  germinate.  Just  what  is 
the  nature  of  the  change  that  occurs  between  the  time  of  formation  of 
the  teliospores  and  that  of  their  physiologic  maturity  is  not  known. 
Numerous  attempts  have  been  made  to  determine  the  factors  aflecting 
maturation  and  germination,  but  the  problem  is  still  very  imperfectly 
understood. 
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McAlpine  (11),  Klcbalm  (9),  Tliiel  and  Weiss  (18),  and  Lambert 
{10)  made  experiments  to  determine  whether  temperature  affected  the 
maturation  of  the  spores,  but  all  concluded  that  this  factor  alone 
exerted  only  a  minor  influence.  Likewise,  Klebahn  (9)  and  Lambert 
{10)  concluded  that  moisture  alone  had  very  httle  influence  on  the 
maturation  of  teliospores.  Lambert  {10)  also  found  that  light  had 
very  Httle  effect.  Waters  {20)  has  shown  that  the  formation  of  telia 
may  be  hastened  by  placing  plants  infected  with  Uromyces  appendicu- 
latus,  Puccinia  sorghi,  P.  suaveolens,  U.  trifolii,  or  U.  polygoni  in  the 
dark.  In  general,  it  may  be  said  that  the  teliospores  formed  in  the 
fall  usually  do  not  germinate  until  the  following  spring  or  the  season 
correspondmg  to  it. 

Numerous  attempts  have  been  made  to  break  the  period  of  dor- 
mancy of  the  spores,  but  most  of  them  have  failed.  Thiel  and  Weiss 
{18)  found  in  the  winter  of  1920-21  that  teliospores  treated  with 
citric  acid  germinated  readily,  while  nontreated  spores  from  the  same 
lot  did  not  germinate.  Similar  attempts  since  that  time,  however, 
have  been  unsuccessful.  Lambert  {10)  tried  to  stimulate  germmation 
by  using  several  chemicals,  but  found  none  effective. 

After  the  maturation  of  the  teliospores,  germination  may  be  influ- 
enced by  moisture  and  temperature  and  probably  less  by  light  and 
hydrogen-ion  concentration.  Melhus  et  al.  {13)  found  that  "at  a 
humidity  of  95.6  per  cent,  only  a  slight  production  of  sporidia  was 
obtained,"  and  "the  most  prolific  sporidia  formation  occurred  in  a 
saturated  atmosphere." 

Dietel  {5)  thought  the  minimum  temperature  for  the  germination 
of  Puccinia  graminis  teliospores  to  be  9.5°  C,  the  maximum  23°, 
and  the  optimum  22°.  Melhus  et  al.  {13,  p.  290)  state:  ''*  *  * 
sporidia  formation  may  occur  only  between  5°  and  25°  C.  and  seems 
most  profuse  at  20°  C.  *  *  *"  Lambert  {10,  p.  11)  states: 
"*  *  *  the  spores  germinated  well  at  12°  to  18°  C.  but  they 
germinated  most  consistently  at  18°  C." 

Lambert  {10,  p.  11-12)  found  "no  consistent  differences"  between 
germination  of  spores  in  diffuse  sunlight  and  in  darkness.  He  further 
states  that  "some  collections  of  teliospores  will  germinate  in  a  fairly 
wide  range  of  H-ion  concentration,"  and  that  "different  collections 
of  teliospores  differ  considerably  with  regard  to  the  time  required  for 
germination." 

When  teliospores  of  the  tritici  and  secalis  varieties  were  used  to 
inoculate  barberries  for  2  days,  then  dried  for  periods  of  1  to  10  days 
before  being  used  to  inoculate  other  barberries,  the  infection  produced 
by  both  varieties  was  practically  the  same  in  both  trials. 

With  regard  to  the  longevity  of  mature  teliospores,  Lambert 
{10,  p.  13)  says:  "It  has  been  observed  repeatedly  that  under  natural 
conditions  they  usually  are  comparatively  short-lived."  Regarding 
the  best  method  of  storing  telia  to  retain  their  viability,  he  {10,  p.  13, 
15)  states:  "It  will  be  noted  that  material  kept  dry  and  at  the  lowest 
temperatures  remained  viable  for  the  longest  time."  He  mentions 
that  telial  material  of  Agropyron  repens  was  placed  in  storage  at 
approximately  2°  C.  and  that  "Cotter  continued  his  inoculations 
with  the  spores  *  *  *  and  was  able  to  obtain  infection  until 
spring."     This  material  was  left  in  cold  storage  during  the  summer. 

On  August  31,  1926,  Berberis  lycium,  B.  pruinosa,  B.  vulgaris,  and 
B.  {Mahonia)  repens  were  inoculated  with  the  material  mentioned. 
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A  very  light  infection  occurred  on  B.  vulgaris.  Another  series,  inocu- 
lated the  same  day  \\-ith  the  same  material,  consisted  of  B.  aggregata 
prattii,  B.  brachypoda,  B.  leichlinii,  and  B.  vulgaris  used  as  a  check. 
On  B.  leichlinii  a  moderate  infection  of  pycnia  appeared  September 
13,  and  aecia  were  noted  on  September  27.  A  very  light  infection, 
apparently  monosporidial,  appeared  on  B.  vulgaris  September  14, 
No  aecia  appeared.  From  these  data  it  seems  that  telia  may  retain 
their  viability  for  a  year  and  a  half  when  kept  in  a  dry  place  at  a 
temperature  slightly  above  the  freezing  point.  These  telia  were 
formed  in  the  fall  of  1924  and  produced  some  infection  the  latter  part 
of  August,  1926. 

In  the  spring  of  1926  teliospores  on  Agropyron  repens  (L.)  Beauv. 
were  collected  near  Red  Wing,  Goodhue  County,  Alinn.  These  telia 
were  used  in  the  inoculations  made  in  1926  and  1927.  The  last 
inoculations  with  this  material  were  made  in  May,  1927.  On  May 
12  Berberis  arvensis,  B.  heteropoda,  B.  lycium,  and  B.  notabilis  were 
inoculated  with  teliospores  from  this  source.  A  moderate  pycnial 
infection  appeared  on  B.  arvensis  May  21,  and  aecia  appeared  on  June 
6.  A  light  pycnial  infection  appeared  on  B.  lycium  May  20,  no  aecia 
being  observed.  A  moderate  infection  of  pycnia  appeared  on  B. 
notabilis  May  20  and  aecia  appeared  on  June  1.  On  May  16  5. 
alesuthensis,  B.  aristata,  B.  haematocarpa,  B.  swaseyi,  and  B.  vmlgaris 
were  inoculated  with  this  same  material.  Light  infection  occurred 
on  B.  alesuthensis  and  B.  haematocarpa  and  moderate  infection  on  B. 
swaseyi  and  B.  vulgaris.  Aecia  developed  on  B.  vulgaris  12  days  later. 
Inasmuch  as  these  teliospores  were  formed  in  the  fall  of  1925  and 
caused  infection  in  the  spring  of  1927,  it  appears  that  spores  of  this 
collection  were  still  germinating  well  a  year  and  a  half  after  the  forma- 
tion of  the  spores  and  a  year  after  having  been  placed  in  the  cold- 
storage  room.  In  this  connection,  Eriksson  {6)  showed  in  1898  that 
teliospores  from  wheat  stored  for  two  years  in  a  dry  laboratory  ger- 
minated after  having  been  kept  in  the  open  during  the  winter. 

In  the  upper  Mississippi  Valley  teliospores  under  outdoor  condi- 
tions usually  begin  to  germinate  in  April  or  May,  and  the  question 
arises  how  long  they  will  remain  viable  under  such  conditions.  Under 
outdoor  conditions,  Melhus  et  al.  {13)  obtained  plentiful  germination 
in  April  and  May,  but  spores  left  out  of  doors  would  not  germinate  in 
June  or  July.  Lambert  {10)  found  similar  conditions  at  St.  Paul  in 
1923  and  1924.  The  teliospores  from  a  collection  of  telia  on  wheat 
collected  at  Black  Earth,  Wis.,  and  placed  out  of  doors  at  St.  Paul 
by  the  writer  germinated  well  on  February  23,  1926.  The  teliospores 
from  this  collection  did  not  germinate  March  9,  1926,  or  later.  Telio- 
spores on  Agropyron  repens,  left  out  of  doors  at  St.  Paul  in  the  winter 
of  1926,  germinated  fairly  well  in  March  but  very  indilTerently  two 
weeks  later.  The  teliospores  from  A.  repens  left  out  of  doors  at  St. 
Paul  in  the  fall  of  1928  germinated  weakly  on  March  26,  1929,  but  not 
at  all  on  April  10.  As  snow  or  rain  had  fallen  after  the  first  inocula- 
tion in  each  of  the  cases  cited,  the  teliospores  probably  had  germinated 
before  the  second  inoculation  was  made.  In  these  cases  the  teliospores 
had  been  germinating  before  and  after  the  first  inoculation;  so  when 
the  second  inoculation  was  made,  nil  of  the  teliospores  had  germinated. 
Teliospores  left  out  of  doors  during  the  winter  at  St.  Paul  germinated 
before  the  middle  of  April  in  1926,  1927,  and  1928. 
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Infection  may  not  occur  even  though  the  teliospores  have  germi- 
nated and  the  sporidia  have  lodged  upon  the  barberry  leaf.  In  nature 
the  conditions  at  the  time  the  barberry  leaves  are  unfolding  are  ex- 
tremely variable.  Rains  may  be  intermittent,  so  that  the  film  of 
moisture  necessary  to  the  life  of  the  sporidium  may  disappear  before 
the  germ  tubes  can  penetrate  the  leaf;  the  temperature  may  drop  so 
low  that  growth  of  the  germ  tubes  is  very  slow,  while  the  cuticle  and 
epidermis  of  the  leaf  is  thickening  to  such  an  extent  that  the  germ 
tube  can  not  penetrate  it;  or  the  teliospores  may  germinate  before  the 
barberry  leaves  appear.  A  study  of  the  conditions  under  which  infec- 
tion of  barberry  leaves  may  occur  is  desirable  to  clear  up  the  present 
state  of  uncertainty  as  to  the  influence  of  moisture,  temperature,  light, 
age  of  leaves,  and  the  necessary  incubation  period  on  the  infection  of 
barberries.     To  this  end  several  experiments  were  made. 

RELATION  OF  AGE  AND  FREEZING  OF  TELIOSPORES  TO  INFECTION  OF  BARBERRIES 

The  writer  observed  that  from  teliospores  collected  in  the  spring  of 
1925,  1926,  1927,  and  1928  a  much  heavier  infection  of  barberries 
resulted  than  was  obtained  from  spores  of  the  same  collection  a  year 
later.  On  three  occasions  telia  were  tested  a  year  and  a  half  after 
collection,  and  the  germination  and  resultant  infection  were  very  weak, 
even  when  the  spores  had  been  kept  in  a  cold,  dry  place.  If  teliospores 
are  not  kept  at  a  low  temperature  (about  0°  C.)  and  dry,  they  lose 
their  viability  rapidly.  Occasionally  they  lost  all  power  to  produce 
sporidia  within  two  weeks  from  the  time  germination  was  first  noticed 
in  the  collection. 

Freezing  viable  telia  of  the  tritici  and  secalis  varieties  at  a  temper- 
ature of  —5°  C.  for  two  days  did  not  appreciably  lower  the  germina- 
tion of  the  teliospores  below  that  of  the  check,  as  determined  by  the 
amount  of  infection  produced  on  barberries. 

RELATION  OF   TEMPERATURE  TO  INFECTION  OF  BARBERRIES 

As  temperature  fluctuations  at  the  time  of  the  appearance  of  the 
first  barberry  leaves  usually  are  very  great,  it  is  of  the  highest 
importance  to  determine  the  effect  of  temperature  on  the  infection 
of  barberries.  Experiments  therefore  were  made  to  determine  the 
importance  of  this  factor. 

Lambert  {10,  p.  19)  found  that  "the  greatest  amount  of  infection 
occurred  at  17°  to  18°  C."     He  states: 

This  experiment  indicates  that  the  combined  process  of  tehospore  germination, 
sporidia  formation,  liberation,  and  germination,  the  infection  of  barberry  leaves, 
and  the  development  of  aecial  cups  are  retarded  or  prevented  by  temperatures 
higher  than  22°  C. 

To  test  this  point,  the  writer  repeated  the  experiment,  using  slightly 
dift'erent  temperatures.  The  teliospores  used  as  inoculum  were 
scraped  from  the  straw  and  placed  upon  the  surface  of  distilled  water 
in  Syracuse  dishes,  which  were  then  placed  at  temperatures  of  10°, 
14°,  21°,  and  26°  C,  one  dish  of  teliospores  from  wheat  and  one  from 
Agropyron  repens  being  placed  at  each  temperature.  At  the  end  of 
two  days  many  spores  presumably  had  germinated  and  produced 
sporidia,  for  infection  was  readily  secured  with  spores  so  treated  in 
previous  experiments.  Only  susceptible  varieties  of  Berberis,  prin- 
cipally B.  vulgaris,  were  used,  except  as  otherwise  noted.  Before 
inoculation  the  barberry  leaf  was  wetted  and  the  bloom  removed, 
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after  which  a  drop  of  the  tehal  suspension  was  placed  on  the  young 
leaf  by  means  of  a  loop  needle  inserted  below  the  surface  of  the 
liquid  and  then  lifted  so  as  to  carry  with  it  the  teliospores  and  their 
sporidia  almost  undisturbed.  After  the  plants  had  been  thoroughly 
wetted  with  water,  they  were  placed  in  containers  in  a  temperature 
tank  for  two  days.  The  plants  were  sprayed  with  water  at  intervals 
of  about  three  hours  during  the  day  for  two  days  in  order  to  main- 
tain the  film  of  moisture  around  the  spores.  At  the  lower  tempera- 
tures it  was  not  difficult  to  maintain  this  film  of  moisture,  but  at  24° 
to  26°  C.  and  31°  to  35°  it  was  more  difficult.  Notes  were  taken  on 
the  first  appearance  of  infection,  as  shown  by  the  appearance  of  pycnia, 
on  the  first  appearance  of  aecia,  and  on  the  degree  of  infection.  The 
results  are  given  in  Table  4. 

Table  4. — Effect  of  temperature  on  rate  and  degree  of  development  of  rust  infection 
on  Berberis  vulgaris  inoculated  with  teliospores  of  Puccinia  graminis  tritici  and 
P.  graminis  secalis  and  incubated  in  a  continuously  saturated  atmosphere 


Telial 
host 


Apropvron 
re,'eus.-- 

Wheat 


Tem- 
pera- 
ture 
for 
spore 
germi- 
nation 


Number  of  days  required  lor  appearance  of  pycnia  and  aecia  and  degree  of  infectirn  i 
produced  at  temperatures  of — 


8°-10°  C.         12°-14°  C.        16°-18°  C.        19°-21°  C.  24°-26°  C.  31°-35°  C. 


Pycnia 


Aecia 


9H —      23+ 


21+  — 
21++ 


0 

27++ 


Pyc- 
nia 

Aecia 

8+ 

25+ 

\2-\ —  28+ 


8++ 


24++ 


Pycnia 


8+- 


9+- 
21+- 


Aecia 


21+- 


21+- 
0 


Pyc- 
nia 


6++ 

8++ 

9+ 

9+ 

8++ 

8+- 


Aecia 


21++ 
7++ 

25+ 

29+ 
7++ 
0 


Pycnia 


9+ 
14+- 
21+- 

8+ 


Aecia 


23+ 
0 

27+- 
25+ 


8+         28+ 


Pyc- 
nia 


8+- 


Aecia 


•  The  degree  of  infection  is  indicated  by  the  following  symbols:  ++,  Heapy;  +,  moderate;  -| — ,  light; 
-) ,  very  light;  0,  none; ,  no  trial. 

It  will  be  seen  from  Table  4  that  only  one  very  light  infection 
resulted  at  31°  to  35°  C;  hence  it  may  be  concluded  that  the  com- 
bined process  of  leliospore  germination,  formation,  liberation,  and 
germination  of  sporidia,  and  barberry  infection  was  greatly  inhibited, 
if  not  prevented,  by  temperatures  higher  than  26°  C.  The  optimum 
temperature  seems  to  be  19°  to  21°.  Lambert  {10)  thinks  the  opti- 
mum for  barberry  infection  is  17°  to  18°  and  that  infection  does  not 
take  place  readily  above  22°,  while  Melhus  et  al.  {13)  state  that  the 
maximum  for  formation  of  sporidia  is  25°  and  that  a  saturated 
atmosphere  is  necessary.  This,  however,  is  difficult  to  maintain  at 
temperatures  of  24°  to  26°  and  31°  to  35°. 

After  inoculation  the  barberries  listed  in  Table  4  were  held  two 
days  at  the  same  temperature  at  which  the  teliospores  germinated. 
Then  four  of  the  five  plants  in  each  series  were  changed  to  the  incu- 
bating temperatures,  where  they  remained  until  notes  were  taken  on 
all  the  plants.  However,  in  this  experiment  one  factor  has  not  been 
eliminated,  namely,  the  possibility  that  the  teliospores  incubated  at 
the  germinating  temperature  might  not  have  germinated  at  that 
temperature,  but  might  have  germinated  when  the  inoculated  plant 
was  transferred  to  the  incubating  temperature.  To  remedy  this 
defect  further  inoculations  of  Berberis  vulgaris  were  made. 


DEVELOPMENT  OF  AECIAL  STAGE  OF  PUCCINIA  GRAMINIS 


15 


Teliospores  from  Agropyron  repens  from  Rochester,  Minn.,  were 
placed  in  distilled  water  and  incubated  two  days  at  each  of  five  tem- 
peratures. Five  plants  of  Berberis  vulgaris  were  inoculated  with  the 
spores  incubated  at  each  temperature,  and  these  plants  were  held  at 
the  same  temperature  for  two  days,  during  which  they  were  sprayed 
with  water  from  an  atomizer  every  three  hours  during  the  day.  At 
the  expiration  of  this  period  four  of  the  five  pots  held  at  each  tempera- 
ture were  shifted,  one  to  each  of  the  other  four  temperatures,  where 
they  were  left  until  the  notes  had  all  been  taken.  When  shifting  the 
four  pots  the  plants  were  thoroughly  dried  before  being  placed  at  the 
different  temperatures.  This  procedure  obviates  the  possibility  of 
infection  occurring  at  a  temperature  other  than  the  original  spore- 
germination  temperature.  The  results  of  the  inoculations  are  given 
in  Table  5. 

Table  5. — Influence  of  temperature  on  the  rate  and  degree  of  development  of  pycnial 
infection  on  Berberis  vulgaris  inoculated  with  teliospores  of  Puccinia  graminis 
secalis  and  incubated  two  days  in  a  saturated  atmosphere,  dried,  and  replaced  in 
the  chambers 


Temperature  (°  C.)  for  spore  germination 

Number  of  days  required  for  appearance  of  pyenia  and  degree 
of  infection  I  produced  at  temperatures  (°C.)  of— 

7°-9°  C. 

15°-18°  C. 

19°-21'=  C.     24°-26°  C. 

1 

31°-35°  C. 

7-8-. 

15+ 

10+ 

0 

8+++ 

8+- 
13+ 
11  + 

0 

0 

11+ 

7++ 

0 

6+ 

4++ 

7+ 

0 

0 

0 

8++ 

5+ 

7+ 

4++ 

4++ 

7+ 

0 

0 

0 

8+ 

8-9 

6++ 

7+ 

0 

4+  + 
8++ 
11  +  - 
0 
0 

7-i 

15-16 

6+ 
0 

16-18 

19-20 

0 

20-21 

0 

24-26-    

0 

31-33-    

0 

33-35.    

0 

1  +++,  Very  lieavy;  ++,  lieavy;  +,  moderate;  4 — ,  light;  H ,  very  light;  0,  none; ,  no  triah 

The  results  given  in  Table  5  are  a  little  more  clear-cut  than  those 
in  Table  4.  The  data  indicate  that  the  processes  of  germination  of 
teliospores,  formation,  liberation,  and  germination  of  sporidia,  and 
penetration  of  barberries  do  not  take  place  freely  at  temperatures  of 
24°  to  26°  C.  and  31°  to  35°,  as  no  infection  was  secured  from  the 
teliospores  incubated  at  these  two  temperatures.  The  smallest 
amount  of  infection  resulted  from  the  teliospores  incubated  at  7°  to 
9°,  while  moderate  infection  developed  at  the  three  lower  tempera- 
tures, from  the  telia  germinated  at  15°  to  18°  and  19°  to  21°.  It  is 
noteworthy  that  infection  appears  first  at  the  higher  temperatures 
and  last  at  7°  to  9°,  the  optimum  temperature  being  19°  to  21°. 

The  evidence  presented  seems  to  show  that  teliospores  of  Puccinia 
graminis  rarely  if  ever  germinate  and  produce  and  liberate  sporidia 
at  temperatures  higher  than  26°  C.  This  is  in  accordance  with  the 
results  of  Melhus  et  al.  {13),  who  found  25°  the  maximum  for  pro- 
duction of  sporidia,  and  Lambert  {10),  who  found  that  there  was 
light  infection  at  22°  to  23°  and  little  or  none  at  26°. 

INFLUENCE  OF  UGHT  ON  INFECTION  OF  BARBERRIES 

Next  to  temperature  and  moisture,  light  is  perhaps  one  of  the  most 
important  factors  in  the  development  of  rusts.     Therefore,  the  effect 
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of  light  and  darkness  on  infection  of  barberries  was  also  investigated. 

Lambert  (10,  p.  22)  found  that- 
Different  amounts  of  light  during  the  period  of  incubation  apparently  had  no 
effect  on  the  percentage  of  leaves  infected,  but  the  number  of  infected  petioles 
was  markedly  greater  on  the  plants  kept  in  total  darkness  than  on  those  exposed 
to  constant  intense  light. 

Heavily  rusted  straw  was  supported  on  wire  screens  above  Ber- 
beris  vulgaris  and  wetted  twice  daily.  By  this  method  heavy  infec- 
tion usually  is  secured.  After  removal  from  the  incubators,  one  of 
the  plants  was  kept  in  constant  light  under  a  500-watt  light  suspended 
4  feet  above  the  table,  one  was  placed  on  the  greenhouse  bench  where 
it  was  exposed  to  alternate  light  and  darkness,  and  the  third  was 
kept  in  a  dark  room  at  a  temperature  of  about  10°  C.  until  sufficient 
time  for  the  appearance  of  pycnia  had  elapsed.  The  results  are 
given  in  Table  6. 

Table  6. — Influence  of  light  on  production  of  pycnia  on  Berberis  vulgaris  inoculated 
with  teliospores  of  Puccinia  graminis  secalis  in  the  greenhouse 


Date  of  inoculation 


Jan.  12. 

Jan.  19- 


Number  of  days  required  for  appearance  of  pycnia  and  aecia  under 
indicated  light  conditions  after  removal  from  moist  chambers,  and 
degree  of  infection '  produced 


Alternate  light  and 
darkness  (diurnal) 


Pycnia 


8  ++ 
11  ++ 

9  + 
8  + 


Aecia 


18  ++ 

++ 
+ 
23  + 


Constant  light 


Pycnia 


10  +-- 

8  ++ 
0 

9  + 


Aecia 


+-- 
18  ++ 
0 
+ 


Constant  darkness 


Pycnia 


0 
11  +++ 

0 
14  + 


Aecia 


+++ 
+ 


>  +++,  Very  heavy;  ++,  heavy;  +,  moderate;  -{ — ,  light;  H ,  very  light;  0,  none. 

No  conclusions  can  be  drawn  from  the  data  in  Table  6,  because 
the  plants  kept  in  total  darkness  were  held  at  a  temperature  of  10°  C, 
while  the  plants  in  constant  light  and  alternate  light  and  darkness 
were  kept  at  a  temperature  of  20°,  so  the  results  are  not  comparable. 
While  the  cold  temperature  would  tend  to  retard  the  appearance 
of  infection  whether  in  total  darkness  or  in  constant  light,  the  fact 
that  infection  did  appear  as  soon  on  the  plants  inoculated  January  12 
and  kept  in  total  darkness  as  on  the  plants  subjected  to  alternate 
light  and  darkness  would  tend  to  discredit  the  idea  that  light  alone 
has  an)^  decided  effect  on  the  occurrence  of  pycnial  infection.  Later 
experiments  carried  out  at  a  temperature  of  10°  indicated  that  the 
infection  becomes  apparent  slightly  earlier  on  plants  kept  in  constant 
light  during  the  processes  of  inoculation  and  incubation  than  on  those 
inoculated  and  incubated  in  chambers  kept  constantly  dark. 

TIMK  REQUIRED  FOR  INFECTION   OF  BERBERIS  VULGARIS  WITH   TEUOSPORES   OF 

PUCCINIA  GRAMINIS  SECALIS 

As  far  as  the  writer  knows,  no  one  actually  has  determined  the 
time  necessary  for  infection  of  barberries  from  the  time  the  telia  are 
first  wetted  until  infection  occurs. 

The  question  is  important  because  of  the  fact  that  in  nature  the 
teliospores  germinate  on  straw,  where  they  produce  sporidia  which 
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must  be  blown  to  barberry  plants,  where  they  germinate  and  produce 
germ  tubes  that  penetrate  the  host.  Envu'onmental  factors  therefore 
must  be  favorable  for  a  longer  tune  to  insure  infection  of  barberries 
than  in  the  case  of  infection  of  gramineous  hosts  with  aeciospores 
and  urediniospores.  Just  how  long  conditions  must  be  favorable  is 
not  known. 

To  solve  this  problem,  a  suspension  of  teliospores  in  water  was 
prepared  and  used  immediately  to  inoculate  Berberis  vulgaris  plants, 
which  were  at  once  placed  in  moist  chambers  where  they  were  kept 
moist  for  the  duration  of  the  experiment. 

No  infection  resulted  when  Berberis  vulgaris  plants  inoculated  with 
teliospore  suspension  from  Agropyron  repens  were  incubated  for  17, 
18,  24,  30,  and  42  hours,  respectively,  in  various  series  at  greenhouse 
temperature.  Other  plants  in  these  series  became  infected  when 
incubated  for  41,  48,  50,  66,  90,  113,  and  119  hours,  respectively,  at 
greenhouse  temperature.  Development  of  pycnia  was  very  light  on 
the  plants  incubated  41  hours;  the  infection  on  the  plants  incubated 
50  hours  was  only  slightly  heavier;  and  the  infection  resulting  from 
longer  incubation  periods  was  moderate  to  heavy.  The  results  indi- 
cate that  a  period  of  at  least  66  hours  was  necessary  for  the  germi- 
nation of  the  teliospores,  formation  of  the  promycelia,  production, 
liberation,  and  germination  of  the  sporidia,  and  subsequent  infection. 
The  severity  of  infection  was  but  little  greater  when  the  incubation 
period  was  72  hours  or  longer.  This,  then,  means  that  barberries 
probably  become  heavily  infected  in  nature  only  when  favorable 
weather  conditions  prevail  more  or  less  continuously  for  two  or  three 
days. 

To  determine  the  minimum  length  of  time  necessary  for  susceptible 
barberries  to  become  infected  under  the  most  favorable  conditions, 
teliospores  from  Agropyron  repens  collected  near  Rochester,  Minn., 
were  soaked  two  days  in  water  and  used  as  inoculum.  The  incubation 
chamber  was  a  tall  metal  can  covered  by  a  pane  of  glass  and  with 
about  an  inch  of  water  in  the  bottom  to  supply  the  necessary  humidity. 
The  potted  barberry  plants  were  placed  in  the  chamber,  wooden  sticks 
were  inserted  into  the  soil  in  the  pots,  and  a  coarse  ^o-inch  mesh  wire 
screen  was  placed  on  top  of  the  wooden  sticks.  The  telial  material 
was  placed  upon  this  wu-e  screen  so  that  the  sporidia  fell  in  a  shower 
over  the  plants  below.  Twice  a  day  this  material  was  wetted  with 
water.  Four  barberry  plants  were  designated  as  a  series  in  each 
chamber,  and  certain  plants  of  each  series  were  removed  at  definite 
times.  Plants  exposed  to  the  sporidial  shower  IK,  2,  3,  8,  and  24 
hours  did  not  become  infected;  but  plants  in  the  same  series  exposed 
21,  29,  33,  45,  46,  47,  48,  55,  69,  and  71  hours  became  infected.  The 
infections  were  light  on  the  plants  exposed  21  and  29  hours,  moderate 
on  those  exposed  33  hours,  and  heavy  on  those  exposed  45  hours.  It 
was  to  be  expected  that  plants  exposed  for  longer  periods  to  the 
sporidial  shower  would  be  heavily  infected,  and  such  was  the  case. 

In  these  experiments  the  minimum  time  requu-ed  for  liberation 
and  germination  of  sporidia  and  barberry  infection  was  21  hours. 
However,  the  limited  available  data  and  the  wide  gaps  in  time  of 
exposure  in  the  various  groups  made  further  information  desirable. 
This  experiment  also  raised  the  question  as  to  how  long  the  telial 
material  would  have  continued  active  in  supplying  inoculum  if  the 
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^experiment  had  been  continued.  Another  point  deemed  worthy  of 
investigation  was  the  length  of  time  that  must  elapse  before  the 
teliospores  kept  in  a  moist  atmosphere  discharge  the  maximum 
number  of  sporidia. 

Telia  on  quack  grass  from  Rochester,  Minn.,  were  soaked  in  tap 
water  two  days  prior  to  being  used  as  a  source  of  inoculum.  Five 
pots  of  Berberis  vulgaris  were  exposed  to  the  sporidial  shower  from 
this  material.  One  pot  was  removed  after  exposure  for  28  hours, 
and  developed  a  light  infection;  the  other  four  were  exposed  45  hours 
and  developed  light  to  moderate  pycnial  infections. 

Four  plants  of  Berberis  vulgaris  were  exposed  to  the  telia  used  in 
the  foregoing  series.  One  plant,  subjected  6  hours,  did  not  become 
infected,  while  a  second  plant,  exposed  24}^  hours,  became  heavily 
infected.  The  other  two  plants,  exposed  27  hom-s,  also  became  heavily 
infected. 

The  same  rusted  straw  was  used  again  as  a  source  of  inoculum  for 
a  third  series  of  Berberis  vulgaris.  All  four  of  the  plants  were  exposed 
to  the  sporidial  shower  45  hours  and  eventually  developed  a  moderate 
to  heavy  pycnial  infection.  The  results  show  that  sporidia  were  being 
liberated  116  hours  from  the  time  straw  was  fu'st  wetted  and  50  hours 
from  the  time  the  first  infected  barberry  was  removed  from  the  incu- 
bation chamber. 

As  a  check  on  the  foregoing  series,  and  in  order  to  determine 
whether  collections  of  telia  on  Agropyron  repens  would  cause  similar 
reaction,  telia  from  Hennepin  County,  Minn.,  were  similarly  soaked 
for  two  days  before  they  were  emploj^ed  as  a  source  of  inoculum. 

As  in  the  first  series  of  the  previous  experiment,  one  of  the  plants 
was  exposed  to  the  supposed  sporidial  shower  28  hours  and  the  other 
three  were  exposed  45  hours,  but  no  infection  resulted.  The  results 
show  that  each  teliospore  collection  is  a  law  unto  itself.  These  two 
collections  were  gathered  about  the  same  time  from  localities  similar 
in  climate  and  not  very  widely  separated.  Barberry  infections  were 
obtained  from  the  Rochester  collection  96  hours  after  the  telia  had 
been  soaked  in  water;  from  the  Hennepin  collection  barberry  infec- 
tion developed  after  the  rusted  straw  had  been  soaked  117  hours. 
The  known  time  of  spore  discharge  of  the  Hennepin  teliospores  is 
46  hours  and  of  the  Rochester  material  88  hours.  The  Rochester 
material  germinated  first  and  over  the  longer  period  of  time.  The 
telial  material  was  used  again  for  a  supply  of  inoculum,  and  some 
infection  resulted.  A  plant  exposed  6  hours  did  not  show  any  signs 
of  infection,  but  plants  exposed  24  hours  became  lightly  infected,  as 
did  two  plants  exposed  27  hours.  In  the  third  series  with  this  telial 
material,  four  Berberis  vulgaris  plants,  exposed  44  hours  to  the 
sporidial  shower,  became  lightly  or  moderately  infected. 

It  is  evident  that  for  some  reason  germination  of  the  tehospores  in 
the  Hennepin  collection  did  not  occur  so  readily  as  in  the  Rochester 
collection,  although  both  collections  were  gathered  within  a  few  days 
of  each  other  from  localities  80  miles  apart.  The  first  infection 
recorded  from  the  use  of  the  Hennepin  material  was  on  a  plant 
exposed  24  hours  in  the  second  scries  and  117  hours  after  the  material 
was  first  wetted.  The  first  recorded  infection  from  the  use  of  the 
Rochester  material  was  on  a  plant  exposed  to  the  shower  of  sporidia 
for  28  hours  jiftcr  the  telia  had  been  soaked  in  water  48  hours.  The 
known  tim(^  of  spore  discharge  by  the  Hennepin  teliospores  covered 
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a  period  of  at  least  46  hours,  as  shown  by  the  infections  that  occurred 
on  the  barberries  exposed  to  the  sporidial  shower  during  that  time. 
The  known  time  within  which  the  Rochester  tehospores  produced 
sporidia  is  88  hours,  as  judged  by  the  infections  produced  on  bar- 
berries removed  from  the  incubation  chamber  during  that  time. 

In  a  third  experiment  rusted  quack  grass  from  an  unknown  source 
was  similarly  soaked  for  two  days  before  being  used  to  inoculate  bar- 
berries. The  material  was  divided  into  two  parts,  the  second  series  of 
barberry  plants  being  inoculated  six  hours  later  than  the  first,  with 
telia  soaked  six  hours  longer. 

In  the  first  series,  plants  exposed  5}2  and  Sji  hours  did  not  become 
infected,  while  plants  exposed  26  and  33  hours  became  heavily 
infected.  In  the  second  series,  infection  occurred  on  all  the  plants, 
even  though  they  had  been  exposed  to  the  sporidial  shower  only  7, 
23,  26,  and  30  hours,  respectively,  the  infection  ranging  from  light  on 
the  plant  exposed  7  hours  to  very  heavy  on  the  plant  exposed  30 
hours. 

In  the  second  half  of  the  experiment  three  plants  exposed  1,2,  and 
3  hours,  respectively,  did  not  become  infected.  The  fourth  plant, 
exposed  20  hours,  became  heavily  infected.  Plants  of  the  second 
series  exposed  to  this  telial  material  were  all  heavily  infected  after 
15.  18,  24,  and  39  hours. 

The  tehospores  from  the  two  series  were  combined  to  furnish 
inoculum  for  a  series  of  plants  of  Berberis  vulgaris.  Infection 
occurred  on  all  members  of  the  series  after  exposures  of  5,  12,  24,  and 
49  hours. 

A  third  series  exposed  to  this  combined  telial  material  became 
infected  after  an  exposure  of  48  hours.  Two  plants  of  Berberis 
vulgaris  were  subsequently  inoculated  with  this  material.  One  light 
infection  was  noted  on  one  of  the  two  plants  after  an  exposure  of  23 
hours.  When  two  plants  of  B.  vulgaris  and  one  of  B.  canadensis 
were  inoculated  with  the  same  material  after  the  removal  of  the  pre- 
viously inoculated  plants,  light  infection  occurred  on  the  B.  canadensis 
plant  and  on  one  of  the  B.  vulgaris  plants  after  an  exposure  of  25 
hours.  This  telial  material  had  first  been  immersed  in  tap  water  at 
noon  February  9.  The  first  infection  obtained  was  on  a  plant  exposed 
to  a  shower  of  sporidia  for  26  hours  and  removed  72  hours  from  the 
time  the  teliospores  were  first  wetted.  The  last  infection  obtained 
was  on  two  plants  removed  from  the  incubation  chamber  after 
exposure  to  a  sporidial  shower  for  25  hours  produced  by  telial  material 
wetted  in  tap  water  for  264  hours,  or  11  days. 

From  these  results  it  appears  that  barberry  plants  may  be  infected 
by  telial  material  that  has  been  continuously  wet  for  11  days.  Such 
a  continuous  discharge  of  sporidia  means  that  under  natural  condi- 
tions, during  long  periods  of  rain,  the  barberries  in  the  vicinity  of 
heavily  rusted  grains  or  grasses  are  exposed  to  a  constant  shower  of 
sporidia,  so  that  infection  is  almost  certain  to  occur  on  the  barberry 
plants.  If  there  are  periods  of  alternate  rainfall  and  dry,  warm  weather 
successive  infections  on  barberry  may  result.  If  barberry  leaves  are 
not  unfolded  when  the  first  teliospores  germinate,  little  or  no  infec- 
tion occurs;  but  as  the  successive  periods  of  germination  of  teliospores 
occur,  some  and  possibly  all  of  the  barberry  leaves  are  verj^  likely  to 
become  infected. 
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To  complete  the  data,  another  double  series  of  plants  was  exposed  to 
teliospores  from  quack  grass  from  an  unknown  source.  To  gain  some 
idea  of  the  time  when  the  first  sporidia  were  formed,  half  of  the  telial 
material  was  used  as  inoculum  two  hoars  after  it  had  been  placed  in 
tap  water,  the  other  half  being  used  three  days  later,  because  in  one 
of  the  preceding  experiments  it  seemed  that  the  teliospores  did  not 
germinate  in  the  tap  water  in  which  they  were  soaked  but  did  ger- 
minate shortly  after  being  placed  on  the  screens  above  the  plants, 
where  they  had  access  to  plenty  of  oxygen  and  moisture. 

In  the  first  series,  in  which  the  telia  had  been  presoaked  two  hours 
before  being  used  as  inoculum,  Berberis  /•iilgans  plants  exposed  to  pos- 
sible infection  by  sporidia  for  periods  of  21  and  29  hours,  respectiveh', 
became  lightly  infected,  while  those  exposed  for  45  and  70  hours, 
respectively,  becam.e  heavily  infected.  In  a  series  inoculated  with  the 
other  half  of  this  material,  three  B.  vulgaris  plants  exposed  for  1,  2, 
and  3  hours,  respectively,  did  not  become  infected,  whereas  the  fourth 
plant,  exposed  47  hours,  became  heavily  infected.  In  a  third  series, 
exposed  to  telia  from  the  first  series,  plants  exposed  9  and  24  hours  did 
not  become  infected.  The  other  plants,  exposed  33  and  48  hours, 
respectively,  became  moderately  infected. 

From  the  foregoing  it  is  evident  that  the  2-day  presoaking  was  not 
necessarj^  for  the  germination  of  the  teliospores.  The  first  plant 
removed  from  the  incubation  series,  21  hours  after  inoculation  and 
23  hours  after  the  water  was  put  on  the  telia,  was  infected.  A\niile  the 
degree  of  infection  was  light,  further  experimentation  might  have 
revealed  that  infection  may  take  place  in  a  still  shorter  time.  From  the 
facts  here  given,  however,  one  can  say  that  the  processes  of  germina- 
tion of  teliospores,  and  formation,  liberation,  and  germination  of 
sporidia,  with  subsequent  penetration  of  the  barberry  leaf,  can,  under 
favorable  conditions,  take  place  in  a  minimum  time  of  23  hours. 

The  other  half  of  this  telial  material,  presoaked  three  days  before 
using,  failed  to  produce  infection  on  a  Berberis  vulgaris  plant  exposed 
to  it  3  hours,  but  did  produce  infection  on  plants  exposed  46,  55,  and 
71  hours,  respectively.  The  degree  of  infection  was,  however,  very 
light.  In  a  second  series  inoculated  with  this  telial  material,  no 
infection  was  secured  after  exposures  of  3,  5,  and  23  hours.  Thus,  it 
appears  that  presoaking  the  telia  for  two  days  promotes  germination, 
and  but  little  infection  usually  results  if  the  material  is  kept  moist 
longer  than  two  days.  The  writer  believes  that  soaking  the  telial 
material  for  two  to  six  hours  before  using  it  for  inoculation  will  pro- 
vide for  the  least  loss  of  sporidia  with  the  maximum  number  of  ger- 
minated teliospores.  Furthermore,  short  periods  of  rain,  followed  by 
conditions  unfavorable  for  dissemination  of  sporidia  and  infection  of 
barberry  plants,  would  result  in  considerable  loss  of  potential  infec- 
tive power,  as  far  as  the  pathog«.'ne  is  concerned.  It  will  be  recnlled 
that  in  the  previous  experiment  the  teliospores  germinated  over  a 
period  of  1 1  days  when  suspended  on  a  wire  screen  in  a  moist  chamber. 
In  this  experiment  it  appears  that  nearly  all  the  teliospores  germinated 
in  thrf^e  days  when  taken  from  the  same  collection,  kept  under  the 
same  conditions,  and  soaked  tluee  days  in  tap  water. 

Under  natural  conditions  most  of  the  teliospores  from  low  places, 
such  as  swamps,  may  germinate  at  about  the  same  time,  while  those 
on  grains  or  grasses  in  higher,  well-aerated  places  may  germinate  at 
different  times. 


DEVELOPMENT  OF  AECIAL  STAGE  OF  PUCCINIA  GRAMINIS 


21 


SUSCEPTIBILITY  OF  BARBERRY  LEAVES  OF  VARIOUS  AGES  AND  SPECIES 

It  is  known  that  the  age  of  l)arberry  leaves  at  the  time  of  inocukition 
is  a  factor  in  infection  with  Puccinia  graminis.  Melhus  et  al.  {13) 
state : 

Repeated  attempts  in  the  greenhouse  and  field  under  varied  moisture  and 
temperature  conditions  failed  to  produce  infection  on  the  more  mature  leaves 
*  *  *.  The  marked  difference  in  the  susceptibility  of  j'oung  and  old  leaves  of 
the  barberry  may  be  due  to  the  thickness  of  cuticle  and  epidermis,  considering 
that  infection  is  accomplished  by  penetration  of  the  tissues  and  not  through 
invasion  of  stomata. 

Melander  and  Craigie  {13)  think  that  the  leaves  of  susceptible 
species  become  virtually  immune  with  age. 

The  leaves  of  the  barberry  plant  can  unfold  and  grow  under  condi- 
tions that  do  not  permit  infection.  If,  then,  onlj^  the  very  young 
leaves  are  susceptible,  many  of  them  would  escape  infection  if  weather 
conditions  were  not  favorable  during  the  period  of  their  immaturity. 
If,  on  the  other  hand,  the  leaves  remain  susceptible  for  a  considerable 
period,  the  chances  of  infection  would  be  much  greater. 

To  obtain  evidence  on  this  point,  rapidly  growing  plants  of  Berberis 
vulgaris  were  examined  daily  for  1 1  days,  and  to  each  new  leaf  a  tag 
was  attached  bearing  the  date  the  leaf  unfolded.  On  the  eleventh 
day,  eight  of  these  barberry  plants  were  inoculated  with  sporidia  of 
Puccinia  graminis  secalis.  Pycnia  appeared  five  days  later.  Notes 
were  taken  on  the  number  of  leaves  infected  on  the  several  dates,  the 
age  of  the  leaves,  and  the  degree  of  infection  produced  on  each  leaf 
each  day.     Some  of  the  results  are  given  in  Table  7. 


Table  1.— Influence  of  age  of  barberry  leaves  on  development  of  rust  in  the  greenhouse 


Berberis  vulgaris 

Berberis  aetnensis 

Age  of  leaves 
(days) 

Num- 
ber of 
leaves 
inocu- 
lated 

Number    of    leaves 
infected    at    indi- 
cated  number   of 
days  after  inocu- 
lation 
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ber of 
leaves 
inocu- 
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leaves  infected 
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ber of  days  after 
inoculation 
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36 

50 
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The  data  given  in  Table  7  show  that  infection  appears  first  on  the 
younger  leaves  and  two  or  three  days  later  on  the  older  leaves.  This 
probably  is  due  to  the  difficulty  the  fungus  experiences  in  puncturing 
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the  cuticle  of  the  older  leaves  and  perhaps  in  penetrating  the  tissues  ot 
the  older  leaves  before  ramifying  inside  the  tissues.  Since  heavy 
infection  was  noted  on  leaves  14  and  15  days  old,  apparently  the  age 
of  the  leaf  is  not  a  factor  in  determining  the  resistance  or  suscepti- 
bility of  any  given  species,  provided  the  fungus  is  able  to  penetrate 
the  leaf,  the  infection  being  just  as  heavy  on  leaves  inoculated  when 
15  days  old  as  on  those  inoculated  when  1  day  old. 

It  is  evident  from  Table  7  that  leaves  of  Berberis  vulgaris  may  be 
infected  by  Puccinia  graminis  as  late  as  16  days  after  they  first  appear. 
As  many  of  the  ta^s  showing  the  age  of  the  leaves  were  dislodged 
during  the  inoculations,  the  ages  given  in  Table  7  are  not  so  great 
as  they  otherwise  might  have  been;  but  since  leaves  that 
apparently  were  at  least  2  days  older  than  the  tagged  16-day  leaves 
were  moderately  or  heavily  infected,  it  is  thought  that  if  none  of 
the  tags  had  been  dislodged  leaves  still  older  than  16  days  might 
have  proved  susceptible. 

Undoubtedly,  insolation  exerts  some  indirect  influence  on  the  ease 
with  which  the  fungus  can  penetrate  barberry  leaves.  In  the  experi- 
ments, the  results  of  which  are  given  in  Table  7,  9  of  the  17  days  during 
which  barberry  leaves  were  being  tagged  were  cloudy,  while  the  sun 
shone  brightly  on  8  days.  The  forenoons  of  2  days  were  cloudy  and 
the  afternoons  were  sunny.  These  days  were  included  in  the  totals 
as  1  cloudy  and  1  sunny  day.  Had  all  the  days  covered  in  this  ex- 
periment been  sunny,  it  is  quite  possible  that  infection  would  not 
have  occurred  on  common  barberry  leaves  16  days  old,  as  Melander 
and  Craigie  (12)  found  that  leaves  of  Berberis  vulgaris  10  days  old 
were  somewhat  resistant.  There  was  no  correlation  between  the 
degree  of  infection  and  the  presence  or  absence  of  sunshine  on  the 
day  the  leaves  appeared,  as  leaves  of  the  same  date  showed  the 
extremes  of  infection,  from  very  light  to  very  heavy. 

From  Table  7  it  is  clear  that  the  total  numbers  of  leaves  of  Ber- 
beris vulgaris  inoculated  and  infected  are  the  same,  with  one  excep- 
tion, up  to  and  including  the  eighth  day,  whereas  in  B.  aetnensis  the 
total  number  of  leaves  inoculated  and  infected  correspond  up  to  and 
including  the  twelfth  day.  With  B.  vulgaris  it  was  possible  for  every 
tagged  leaf  to  become  infected  up  to  the  twelfth  day.  All  the  1 2-day 
leaves  tagged  on  that  day  became  infected,  but  not  all  the  9-day 
and  10-day  leaves  were  infected.  Infection  became  more  uncertain,, 
however,  on  leaves  13  to  16  days  old,  and  on  the  sixteenth  day  only 
one  of  the  five  inoculated  leaves  became  infected,  and  then  but  very 
lightly.  In  the  case  of  B.  vulgaris  there  seems  to  be  a  gradual  harden- 
ing off  of  the  leaves  after  the  eighth  day,  although  there  is  no  evidence 
that  this  occurs  in  leaves  of  B.  aetnensis.  The  results  support  the 
conclusions  of  Melander  and  Craigie  {12,  p.  99),  who  state:  "Leaves 
of  B.  milgaris  10  days  old  arc  fairly  resistant  to  P.  graminis.  This 
would  indicate  a  close  correlation  between  resistance  and  the  thick- 
ness of  the  outer  epidermal  wall."  But  the  results  also  show  that 
leaves  remain  at  least  moderately  susceptible  for  10  days  to  two  weeks, 
especially  if  weather  conditions  are  such  as  to  prevent  them  from 
hardening.  This  fact,  of  course,  is  favorable  for  the  pathogene 
during  the  spring. 

Observations  were  made  to  determine  those  parts  of  the  common 
barberry  that  are  most  susceptible  to  infection  by  Puccinia  graminis. 
Data  were  gatlieied  on  a  number  of  infected  plants.     The  degree  of 
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Plate  1 


Leaves  of  Berbcris  ilicifolia  infected  with  Puccinia  graminis  secalis.    Note  tlie  profuse  growth  of 
aecia  on  the  petioles,  resulting  in  the  death  of  the  leaves 
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Plate  2 


Berberis  vulgaris  infcclcil  by  Puccin'm  grawiiiis  secalis 
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infection  was  noted  on  the  leaves,  stems,  petioles,  spines,  leaf  spines, 
and  growing  points  of  the  stems.  Field  observations  were  made  on 
infection  of  the  flowers  of  Berberis  vulgaris.  The  greenhouse  data 
are  given  in  Table  8. 

Table  8. — Susceptibility,  in  the  greenhouse,  of  various  plant  parts  of  Berberis  to 

black  stem  rust  ' 


Number  of  replications  according  to  degree  of  infection 
indicated 

Infection  courts 

B.  vulgaris  normalis 

B.  vulgaris  atropurpurea 

Moderate 

Heavy 

Very 
heavy 

Moderate 

Heavy 

Very 
heavy 

Foliage: 

Petioles    ..      ..    .. 

3 

3 

10 

1 
2 

1 

6 
5 
1 

1 

7 
13 

2 

Leaves 

1 

2 

Serrates 

3 

Stem: 

Sprigs - 

7 
4 
1 

Spines 

Apices                          -      .-..-    

1 

1  Extremely  heavy  infection  was  once  noted  also  on  the  nodes  of  B.  vulgaris  normalis. 

The  data  in  Table  8  show  that  any  young  or  tender  tissue  on  any 
part  of  the  plant  aboveground  may  be  infected.  Infection  is  more 
readity  noticeable  on  the  leaves  than  on  any  other  part  of  the  plant 
because  of  the  much  greater  surface  exposed  to  infection  in  compari- 
son with  that  on  the  other  parts  of  the  plant.  If  infection  occurs, 
however,  other  parts  of  the  plant  are  just  as  susceptible  as  the  leaves. 
Even  the  flowers^  may  be  infected.  Common  barberry  collected  at 
Rochester  and  Albert  Lea,  Minn.,  in  1928,  was  heavily  rusted  on 
leaves  and  sepals,  with  light  aecial  infection  on  peduncles  and  petals. 
Apparently  there  was  also  an  infection  on  one  of  the  stamens  in  one 
of  the  flowers.  When  Berberis  gilgiana  was  artificially  inoculated 
when  blooming,  infection  developed  on  one  of  the  petals  as  well  as 
on  the  leaves. 

In  the  early  spring,  barberry  plants  are  subjected  to  a  wide  range 
of  weather  conditions.  The  frequent  spring  rains  are  often  accom- 
panied by  lower  temperatures,  and  this  combination  is  especially 
favorable  for  teliospore  germination  and  barberry  infection. 

Berberis  vulgaris  is  generally  supposed  to  be  the  species  of  barberry 
most  susceptible  to  the  attack  of  Puccinia  graminis.  In  the  writer's 
experiments,  however,  other  species  have  become  more  heavily  rusted 
and  have  been  injured  to  a  greater  degree  than  B.  vulgaris.  Two 
such  are  B.  ilicifolia  Forst.  and  a  strain  of  B.  canadensis  Mill,  found 
in  one  section  of  Illinois.  Frequently  the  entire  leaf  area  of  this 
B.  canadensis  strain  became  infected,  with  subsequent  chlorosis  and 
death  of  the  leaves.  Leaves  of  B.  ilicifolia  were  frequently  killed 
outright  when  inoculated  in  the  same  series  with  B.  vulgaris,  while 
on  the  leaves  of  B.  vulgaris  the  infected  areas  were  not  continuous 
nor  did  any  leaves  die  as  a  result  of  the  attack  of  the  fungus.  There 
was  little  or  no  infection  on  the  petioles  of  B.  vulgaris,  but  there  w^ere 
very  numerous  aecia  on  B.  ilicifolia  three  weeks  after  inoculation. 
The  type  of  infection  on  B.  ilicifolia  is  shown  in  Plate  1,  and  an  un- 
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usually  heav}^  infection  on  stems  of  B.  vulgaris  is  shown  in  Plate  2. 
In  Plate  3  is  sho\vn  an  infected  whorl  of  leaves  of  B.  vulgaris.  It  is 
evident  from  Plates  2  and  3  that  the  leaves  of  B.  vulgaris  are  not 
killed  as  are  those  of  B.  ilicifolia.  Even  leaves  having  the  exception- 
ally heavy  infection  shown  in  Plate  4  may  live  for  weeks. 

Of  those  species  tested,  Berberis  asiatica  Roxb.  seems  to  be  one  of 
the  most  resistant.  Leaves  of  B.  asiatica  are  illustrated  in  Plate  5. 
In  this  case  very  small  pycnial  infections  appeared  at  the  same  time 
as  those  on  B.  vulgaris  and  within  10  days  became  dry  and  brown. 
No  aecia  formed,  whereas  on  B.  imlgaris  abundant  aecia  appeared. 
(PI.  2.)  Apparently  the  leaves  of  B.  asiatica  toughen  rapidly  and 
prevent  the  rust  from  spreading  in  the  tissues. 

EFFECT  OF  LENGTH  OF  INCUBATION  PERIOD  ON  INFECTION  OF  BARBERRIES 

If  warm  days  follow  the  penetration  of  the  sporidial  germ  tubes, 
the  appearance  of  pycnia  is  accelerated,  according  to  the  data  result- 
ing from  artificial  inoculations.  In  the  greenhouse  the  incubation 
period  of  the  rust  in  the  barberry  is  much  shorter  at  temperatures 
of  20°  to  30°  C.  than  at  temperatures  below  10°.  At  the  higher 
temperatures,  24°  to  26°,  pycnia  appeared  3  to  10  days  after  inocula- 
tion, depending  on  the  amount  of  consequent  infection.  Pycnia 
appeared  on  the  third  day  upon  the  plant  with  the  most  infections, 
and  on  the  tenth  day  upon  one  of  the  plants  with  the  least  infection. 
It  was  found  that  the  first  infection  appeared  on  the  m.ost  heavily 
infected  plants  and  the  last  infection  appeared  on  the  very  lightly 
infected  ones.  This  would  indicate  that  the  amount  of  inoculum 
determines  to  some  extent  the  rapidity  with  which  infection  becomes 
evident,  as  a  leaf  infected  by  a  large  number  of  sporidia  produced 
pycnia  before  other  leaves  on  the  same  plant  that  were  inoculated 
with  a  few  sporidia.  During  the  last  five  years  the  writer  has  found 
that  the  pycnia  first  appear  on  the  fifth  to  the  tenth  day  following 
inoculations  when  the  plants  are  kept  under  ordinary  conditions  in 
the  greenhouse.  Light  alone  seems  to  have  no  influence  on  the  length 
of  the  incubation  period  of  the  fungus. 

Wetting  the  barberry  leaves  and  removing  the  "bloom"  from  them 
do  not  favor  their  infection.  In  a  few  of  the  writer's  experiments 
those  plants  that  did  not  have  the  leaves  wetted  nor  the  "bloom" 
removed  were  those  that  became  most  heavily  infected.  If  more 
series  had  been  inoculated  the  results  might  have  been  exactlj'^  the 
opposite  of  those  already'-  obtained. 

EFFECT  OF  TEMPERATURE  AND  MOISTURE  ON  DEVELOPMENT  OF  AECIA 

Plants  of  Berberis  vulgaris  with  a  moderate  to  heavy  development 
of  pycnia  on  the  leaves  were  placed  in  the  temperature  chambers  and 
observations  were  made  to  determine  the  time  required  for  aecia  to 
appear  and  mature.     The  results  are  given  in  Table  9. 
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PLATE  3 


A  whorl  of  leaves  of  Berberis  luilyait.'i  infofled  h.v  Puccinia  gramims  secnlis,  showing  the  manner  in 
wliifh  all  the  leaves  in  a  whorl  may  be  heavily  infected.  Part  of  an  aecial  cluster  on  the  stem 
above.    Note  length  of  aecial  cups.    X  5 
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Plate  4 


IiKliviihial  leaf  of  nerberis  vulgaris  itifcctcd  liy  I'liccinin  scailix.    This  k';if  had  priiclically  no  giccii 
areas  between  the  individual  infections.    X  ■') 
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Table  9. — Effect  of  temperature  on  development  of  aecia  and  opening  of  aecial  cups 
on  Berberis  vulgaris  on  ivhich  pycnia  had  been  produced  after  inoculation  with 
Puccinia  graminis  tritici  and  P.  graminis  secalis  in  the  greenhouse 


Telial  host 

Number  of  days  required  for  appearance  of  aecia  and  for  opening  of  aecial 
cups  at  temperatures  of— 

Experi- 
ment 

No 
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4 

do 
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6 

....  do 
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6 

Triticum    vulgare 
Vill.  2 

14 

14 

10 

1  Cups  not  open  at  expiration  of  experiment. 

'  According  to  the  rules  of  botanical  nomenclature  the  name  of  this  species  is  T.  aestivum  L.,  but  as  T. 
vulgare  is  in  general  use  among  agronomists  and  cereal  pathologists  and  geneticists,  the  writer  gives  pref- 
erence to  that  form. 

The  data  show  that  temperature  has  a  marked  effect  on  the  appear- 
ance of  aecia  after  pycnia  have  developed.  At  25^  to  26°  C.  aecia 
developed  at  the  same  time  as  at  31°  to  32°  except  in  those  series 
where  the  amount  of  infection  on  the  plants  was  not  the  same.  The 
lowest  temperature  (7°  to  8°)  had  the  most  retarding  effect  on  the 
development  of  aecia.  Temperature  alone  had  no  influence  on  the 
number  of  aecia,  for  as  many  developed  at  7°  to  8°  as  at  31°  to  32°. 
There  was,  however,  a  very  noticeable  difference  in  the  length  of  the 
aecial  cups.  At  the  lowest  temperature  the  aecial  cups  were  two  to 
three  times  as  long  as  at  the  highest  temperature.  At  the  temperature 
of  31°  to  32°  the  aecial  cups  opened  very  soon  after  their  formation 
and  before  they  had  become  much  elongated.  They  were  rarely  1 
mm  long.  The  aecial  cups  formed  at  7°  to  8°  were  2  to  3  mm  long 
before  they  opened. 

From  an  empirical  experiment  it  appears  that  the  influence  of 
moisture  on  the  formation  of  aecia  is  irregular,  because  in  two  trials 
aecia  formed  on  the  plants  in  the  wet  chamber  after  the  formation  of 
aecia*  in  the  dry  chambers,  whereas  in  a  third  trial  aecia  formed  on 
the  plant  in  the  wet  chamber  before  they  did  on  either  the  plant  held 
under  dry  conditions  or  on  the  check. 

EFFECT  OF  FREEZING  ON  RUSTED  BARBERRY 

Under  natural  conditions  infected  barberries  frequently  are  sub- 
jected to  wide  extremes  of  temperature.  The  leaves  often  unfold  and 
become  infected  during  warm  weather  in  the  early  spring  and  may 
be  exposed  later  to  freezing  temperatures.  Experiments  therefore 
were  made  to  determine  the  effect  of  low  temperature  on  the  rust  in 
infected  plants. 

Plants  of  Berberis  vulgaris,  some  bearing  aecia  of  the  tritici  variety 
and  some  bearing  those  of  the  secalis  variety,  were  exposed  to  freezing 
temperatures  in  low-temperature  rooms.  One  plant  was  left  in  the 
greenhouse  as  a  check,  one  was  held  at  0°  C.  for  11  days,  one  was  held 
at  0°  for  10  days  and  at  —  5°  for  24  hours,  and  the  fourth  was  held  at 


26    TECHNICAL  BULLETIN  314,  U.  S.  DEPT.  OF  AGRICULTURE 

0°  for  10  days,  -  5°  for  24  hours,  and  - 10"*  for  24  hours.  The  plants 
held  at  -5°,  -10°,  and  -26°  were  placed  at  0°  for  24  hours  after 
being  frozen,  in  order  to  allow  them  to  thaw  out  before  being  removed 
to  the  greenhouse. 

After  the  removal  of  the  plants  from  the  0°  C.  room,  the  aeciospores 
from  each  plant  were  used  to  inoculate  a  susceptible  host.  Little 
Club  wheat  was  used  for  the  tritici  variety  and  Petkus  rye  for  the 
secalis  variety. 

Only  one  uredinium  resulted  from  the  inoculations.  This  was  on 
Petkus  rye  inoculated  with  aeciospores  from  the  plant  kept  at  0°  C 
and  only  1  plant  out  of  17  became  infected.  It  is  evident,  however, 
that  a  temperature  of  0°  did  not  destroy  the  ability  of  the  aeciospores 
to  germinate.  Craigie  ^  found  that  some  aeciospores  germinated  after 
having  been  exposed  70  minutes  to  a  temperature  of  —6°.  As  the 
aecia  used  in  these  experiments  were  from  51  to  67  days  old  when  the 
plants  were  removed  from  the  cold  rooms,  it  is  more  than  likely  that 
many  of  the  aeciospores  had  lost  theii-  viability  even  before  they  were 
frozen.  As  no  other  aecial  material  was  available  at  the  time,  the 
experiment  was  not  repeated. 

A  number  of  Berberis  vulgaris  plants  bearing  pycnia  were  likewise 
subjected  to  subzero  temperatures.  One  plant  was  held  at  0°  C.  for  5 
days,  another  for  10  days,  a  third  at  —5°  for  11  days,  and  two  others 
were  held  at  0°  for  10  da5's,  —5°  for  24  hours,  and  —26°  for  20  hours. 

In  both  the  aecial  and  the  pycnial  experiments  all  the  plant  parts 
above  ground  were  Idlled  at  —5°,  —10°,  and  —26°  C,  although  new 
leaves  subsequently  appeared  on  the  plants  frozen  at  —5°.  At  0° 
some  of  the  tender  shoots  were  killed,  but  new  leaves  appeared  later 
on  the  older  stems.  All  the  barberry  leaves  in  the  aecial  series  and  all 
the  young  leaves  in  the  pycnial  series  were  killed  at  0°  except  one  of 
the  leaves  on  the  plant  bearing  pycnia,  which  subsequently  produced 
a  normal  aecium.  This  aecium  formed  12  days  after  the  plant  had 
been  removed  from  the  0°  room,  while  aecia  developed  on  the  check 
plant  6  days  after  the  other  plants  had  been  removed  from  the  freezing 
rooms.  From  this  fact  it  would  appear  that  the  rust  fungus  can  live 
at  a  temperature  as  low  as  the  host  can  withstand,  for  the  rust  was 
able  to  complete  its  development  when  the  barberry  was  placed  under 
favorable  conditions,  even  after  having  been  held  at  a  temperature 
that  killed  the  younger  leaves  on  the  plant. 

In  a  later  experiment  two  series  of  four  plants  each  of  Berberis 
milgaris  were  inoculated  with  sporidia  at  16°  to  18°  C.  and  then  placed 
in  the  0°  C.  room.  At  the  expiration  of  a  week  one  of  the  plants 
was  removed  and  placed  in  a  greenhouse  at  a  temperature  of  about 
20°  C,  and  four  days  later  a  pycnium  appeared  on  one  of  the  young 
leaves  that  had  not  been  killed.  The  second  plant  in  the  first  series 
was  removed  from  the  0°  C.  chamber  two  weeks  after  having  been 
placed  there.  Pycnia  appeared  three  days  later.  Some  time  after- 
wards ammonia  escaped  from  the  cooling  system  and  killed  the 
leaves;  therefore,  three  of  the  six  remaining  plants  were  removed 
from  the  cold  chamber  16  days  after  behig  placed  therein,  and  the 
remaining  plants  were  removed  18  days  later.  There  was  no  infec- 
tion on  the  leaves  that  later  unfolded  on  the  first  three  plants,  but  a 
pycnium  appeared  on  a  leaf  spine  and  another  on  a  petiole  of  one 
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Plate  5 


Leaves  of  Berberis  asiatica  showing  pycnial  infection  produced  by  Pticcinia  graminis  tritici.  A,  Upper 
side  of  leaves;  B,  lower  side  of  leaves,  showing  failure  of  aecia  to  form  from  the  pycnia.  (Photo- 
graphed CO  days  after  appearance  of  pycnia) 
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of  the  three  plants  last  removed  from  the  cold  room  and  subsequently- 
kept  at  20°  C.  In  another  set,  nine  barberry  plants  were  exposed  to 
rusted  Agropyron  repens  straw  from  Minneapolis,  Minn.  After  re- 
moval from  the  incubation  chambers  one  plant  was  placed  in  the 
greenhouse  as  a  check  and  the  others  were  placed  in  the  0°  C  chamber, 
being  removed  successively  at  the  end  of  9,  14,  21,  28,  35,  42,  and  49 
days.  No  infection  was  observed  on  the  plants  held  35,  42,  or  49 
days  in  the  cold  room;  the  leaves  were  killed  and  no  infection  ap- 
peared on  the  leaves  that  unfolded  later  in  the  greenhouse.  Pycnia, 
^however,  appeared  on  the  plants  that  were  held  9,  14,  21,  and  28 
(days  in  12,  7,  3,  and  5  days,  respectively,  after  being  removed  from 
.the  0°  C  chamber. 

To  test  the  resistance  of  the  mycelium  further,  four  plants  with 
heavy  pycnial  infection  on  the  leaves  were  used.  On  one  plant,  kept 
in  the  greenhouse  as  a  check,  aecia  appeared  13  days  from  the  time 
of  removal  from  the  incubation  chamber.  The  other  three  plants 
were  placed  in  the  0°  C.  chamber  and  were  removed  successively 
after  the  expiration  of  8,  28,  and  91  days.  Aecia  appeared  on  the 
; 8-day  and  28-day  plants  10  days  after  their  removal.  The  pycnia 
on  the  plant  exposed  91  days  were  dry  when  the  plant  was  removed 
from  the  cold  chamber,  but  nectar  reappeared  10  days  later,  followed 
by  the  formation  of  aecia  on  8  of  the  16  infected  leaves  20  days 
after  their  removal  from  the  chamber. 

Eight  other  common  barberry  plants  were  inoculated  with  telio- 
spores  of  Puccinia  graminis  secalis  from  Chatfield,  Minn.,  and  after 
pycnia  had  appeared  they  were  placed  in  the  0°  C.  room.  They 
were  removed  8,  14,  21,  28,  35,  and  61  days  later.  Aecia  appeared 
on  the  plants  held  8,  14,  21,  28,  and  61  days,  but  not  on  the  35-day 
plant.  The  pycnia  on  the  plant  exposed  61  days  were  dry  when 
removed  but  subsequently  produced  more  nectar,  and  aecia  formed 
normally. 

Thus  it  appears  that  barberries  that  have  been  infected  may  not 
show  any  visible  sign  of  the  presence  of  the  rust  for  relatively  long 
periods  of  time  during  cold  weather,  but  pycnia  may  appear  when 
conditions  become  favorable.  In  line  with  this  evidence,  an  observa- 
tion made  in  the  field  may  be  of  interest.  On  May  3  pycnia  were 
observed  on  Berberis  alesuthensis  at  University  Farm,  St.  Paul,  Minn. 
Three  days  later  pycnia  also  appeared  on  B.  vulgaris  near  by.  The 
weather  then  became  cool.  On  May  23  aecia  had  formed  on  B. 
alesuthensis  and  were  just  appearing  on  B.  vulgaris.  It  therefore 
required  20  days  for  the  appearance  of  aecia,  about  four  times  as 
long  as  usually  is  required  under  favorable  conditions. 

From  the  data  presented  it  would  appear  that  in  nature  the  rust 
may  infect  barberries  about  the  middle  of  April,  produce  pycnia 
early  in  May,  and  develop  aecia  the  latter  part  of  the  month  under 
the  retarding  influence  of  low  temperature.  This  also  would  indicate 
that  the  teliospores  are  ready  to  germinate  at  the  time  of  the  first 
spring  rains  and  that  the  barberries  may  be  infected  even  while  in 
the  bud,  although  the  infection  may  not  become  apparent  for  weeks 
if  low  temperatures  prevail.  In  the  field,  infections  occasionally  have 
been  observed  on  the  leaf  spines  of  escaped  common  barberries,  indi- 
cating that  sporidia  were  being  produced  even  before  the  leaves 
unfolded. 
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To  determine  whether  Hght  has  any  influence  on  the  development 
of  aecia,  a  number  of  barberries  were  inoculated  by  means  of  a 
shower  of  sporidia  and  placed  on  the  greenhouse  bench  until  pycnia 
appeared.  The  infected  barberries  were  placed  under  the  following 
conditions  of  light:  Constant  light,  constant  darkness,  and  alternate 
light  and  darkness.  A  dark  chamber  was  improvised,  consisting  of  a 
metal  cyhnder  sunk  in  the  sand  of  the  greenhouse  bench  and  covered 
by  a  pane  of  glass  painted  with  a  black,  light-proof  paint. 

All  the  plants  used  were  moderately  or  heavily  covered  with  pycnia 
at  the  time  they  were  subjected  to  the  various  light  conditions,  and 
data  were  taken  on  the  first  appearance  of  aecia.  These  data  are 
given  in  Table  10.  It  would  appear  that  light  alone  influences  the 
production  of  aecia  very  little,  although  Lambert  (10)  states  that 
"the  development  of  aecial  infection  after  penetration  (of  sporidia) 
appeared  to  be  favored  by  intense  light."  While  aecia  usually 
appeared  first  on  plants  kept  constantly  in  the  light,  in  some  cases 
they  appeared  equally  early  on  those  exposed  to  alternate  light  and 
darkness,  and  in  two  cases  they  appeared  first  in  total  darkness.  It 
is  thought,  therefore,  that  light  exercises  only  an  indirect  influence. 
Plants  kept  in  the  darkness  became  etiolated,  and  the  infected  leaves 
were  much  distorted.  Infection  was  far  heavier  on  the  petioles  of 
the  barberry  plants  kept  in  darkness  than  on  those  kept  in  the  light, 
because  the  petioles  did  not  become  so  tough  in  the  dark  as  under 
normal  conditions.    These  results  corroborate  those  of  Melander.® 

Table  10. — Influence  of  light  on  developme?d  of  aecia  on  Berberis  vulgaris  on  which 
pycnia  had  been  produced  after  inoculation  with  Puccinia  graminis  secalis 


Time  required  for  formation  of  aecia, 
and  degree  of  infection ' 

Series  No. 

Time  required  for  formation  of  aecia, 
and  degree  of  infection  ' 

Series  No. 

Constant 
light » 

Constant 
darkness 

Alternate 
light  and 
darkness 

Constant 
light  2 

Constant 
darkness 

Alternate 
light  and 
darkness 

1 

Days 

9+ 

6+ 

10+ 

Days 
0 
0 
9++ 

Days 
11+ 
6+ 
11++ 

4  .. 

Days 
10++ 
13++ 
12+ 

Days 
9+ 
0 
0 

Days 
11  +  + 

2 

5 

8+ 

3 

6 

13+ 

1  ++,  Heavy;  +,  moderate;  H — ,  light;  0,  none. 

•Constant  light  consisted  of  sunlight  in  the  daytime  and  the  rays  from  a  1,000-watt  Mazda  lamp  sus- 
pended 3  feet  above  the  plants  at  night. 

CONDITIONS  FOR  LIBERATION  OF  AECIOSPORES 

The  potential  r61e  of  barberries  in  initiating  rust  epidemics  de- 
pends, of  course,  upon  the  time  they  become  infected,  the  number  of 
spores  produced  on  them,  and  the  distance  to  which  the  aeciospores 
are  disseminated  from  them.  The  liberation  of  the  aeciospores  is 
prerequisite  to  their  dissemination.  It  is  known  that  they  are  for- 
cibly ejected  from  the  aecial  cups,  but  the  conditions  under  which 
they  are  discharged  are  not  precisely  known.  Craigie  '°  states: 
"Moisture  is  necessary  to  induce  rapid  spore  liberation.  The  great- 
est activity  takes  place  in   a  saturated  atmosphere."     This  being 
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true,  the  circumstance  favors  the  pathogene,  because  the  spores  will 
be  liberated  most  abundantly  when  the  best  condition  for  infection, 
that  is,  a  saturated  atmosphere,  prevails.  The  writer  therefore  made 
observations  to  determine  the  conditions  under  which  the  aecia  open 
and  discharge  spores  most  readily.  Fourteen  aecial  cups  of  various 
ages  were  placed  in  a  Petri  dish,  on  the  bottom  of  which  was  placed  a 
moist  filter  paper.  Forty  minutes  later  2  of  the  aecial  cups  had 
opened;  55  minutes  later  3  had  opened;  65  minutes  from  the  time  the 
experiment  was  begun  5  of  the  aecia  had  opened;  2  hours  and  20 
minutes  later  7  of  the  14  had  opened  and  1  of  the  cups  was  discharg- 
ing spores;  and  5}^  hours  later  10  of  the  14  cups  were  open  and  2  were 
discharging  spores.  Nineteen  hours  later  11  of  the  14  aecia  were  dis- 
charging spores  and  the  other  3  w^ere  open. 

It  was  desirable  that  the  age  of  the  aecial  cups  be  known,  for  aecio- 
spores  are  capricious  in  germination  and  in  viability.  Aecial  cups  of 
known  ages  were  taken  from  two  series  of  Berberis  vulgaris  plants  in- 
oculated with  sporidia  of  Puccinia  graminis  secalis  and  placed  in  moist 
chambers.  Notes  were  taken  on  the  time  required  for  the  aecial  cups 
to  open  and  discharge  spores.     The  results  are  given  in  Table  11. 

Table  11. — Influence  of  age  of  aecia  on  their  opening  and  the  subsequent  discharge 

of  aeciospores  in  a  moist  chamber  i 


Aecia 

Aecia 

Age  of 
aecia 

Aecia 

Hours 

in 
moist 
cham- 

Series 
No. 

Age  of 
aecia 

Aecia 

Hours 

in 
moist 
cham- 

Series 
No. 

Open- 

Dis- 
charg- 

Open- 

Dis- 
charg- 

ber 

ing 

ing 
spores 

ber 

ing 

ing 
spores 

Days 

Numbei 

Number 

Number 

Number 

Days 

Number 

Number 

Number 

Number 

(        15 
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3 

3 

3 

1 

37 

5 

3 

23 

2 

18 

5 

3 

M 

1 

29 

8 

6 

8 

1 

22 

7 

3 

7 

1 

30 

14 

6 

13 

1 

1 

24 

2 

3 

22 

0 

2 

32 

13 

6 

13 

2 

24 

4 

3 

M 

0 

33 

16 

6 

16 

8 

25 

1 

3 

1 

0 

37 

4 

6 

4 

0 

36 

6 

3 

!5 

1 

39 

9 

6 

8 

0 

I        37 

7 

3 

n 

0 

1  Aeciospores  of  Puccinia  graminis  secalis  only. 

2  Cups  crumbled  without  discharging  spores,  except  as  indicated  in  last  column. 

Aecia  that  were  24  and  25  days  old  failed  to  eject  aeciospores  for- 
cibly in  the  first  series,  while  aecia  15,  18,  22,  and  36  days  old  did 
violently  discharge  aeciospores  in  a  moist  chamber.  Among  those 
that  were  37  days  old  there  were  some  from  which  the  spores  were 
forcibly  discharged  and  others  from  which  they  were  not. 

In  the  second  series,  aecia  that  were  37  and  39  days  old  failed  to 
discharge  aeciospores,  while  aecia  29,  30,  32,  and  33  days  old  did 
forcibly  discharge  aeciospores  in  a  moist  chamber. 

It  is  evident  that  the  various  aecial  cups  from  the  same  plant  vary 
in  their  ability  to  discharge  aeciospores  in  a  moist  chamber,  but  in  the 
foregoing  experiments  some  aecia  discharged  their  spores  37  days 
from  the  date  of  appearance  of  aecia  on  the  barberries.  Under  natu- 
ral conditions  this  circumstance  would  give  the  fungus  a  greater 
chance  to  complete  its  life  cycle  by  infecting  grains  or  grasses.  Under 
fairly  dry  conditions  the  aecia  on  the  barberry  leaves  would  remain 
dormant,  while  under  the  moist  conditions  sometimes  present  the 
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aecia  would  open  and  discharge  the  aeciospores,  which  then  would 
have  a  much  better  chance  of  infecting  grains  or  grasses  than  if  dis- 
charged under  dry  conditions. 

VIABILITY  OF  AECIOSPORES 

In  order  to  test  the  viability  of  aeciospores  formed  under  green- 
house conditions,  Petkus  rye  was  inoculated  with  aeciospores  of 
Puccinia  graminis  secalis  from  the  living  plants  at  various  times  after 
their  formation.  Three  different  telial  collections  were  used  to  pro- 
dace  the  aecia.  After  the  rye  was  inoculated  wdth  the  aeciospores  it 
was  placed  in  the  incubator  for  48  hours,  then  removed  and  placed  on 
the  greenhouse  bench  in  a  booth  free  from  other  sources  of  inoculum. 
The  results  are  given  in  Table  12. 

Table  12. — Effect  of  age  of  aeciospores  of  Puccinia  graminis  secalis  on  infection 

of  Petkus  rye 


Plants 

Age  of  aeciospores  (days) 

Plants 

Age  of  aeciospores  (days) 

Inocu- 
lated 

1 
Infected  1 

1 

S-      I-fected 

8                                    

Number 
31 
25 
35 
37 
28 
29 

t 
Number  ' 
16 
6 

7 

1| 

29- 

Number  '  Number 
25                   6 

20 -. 

29 

30                  9 

22 

33 

31 
19 
48 
22 

13 

28                                    

36 

0 

29 

46 

5 

29                                               .  . 

74 

0 

No  infection  was  obtained  with  aeciospores  of  the  Rochester  (Minn.) 
collection,  which  were  74,  36,  and  29  days  old,  respectively,  at  the 
time  they  were  used  as  inoculum,  although  other  spores  29  and  46 
days  old  caused  infection.  The  numbers  of  plants  infected  were  1  out 
of  29  and  5  out  of  48,  respectively. 

When  the  plants  of  Petkus  rye  and  Little  Club  wheat  were  removed 
from  the  incubators  after  inoculation  with  aeciospores,  the  hard, 
horny  aecial  cups  had  been  transformed  into  a  flocculent  mass  of 
spores.  Microscopic  examination  failed  to  disclose  any  germination 
at  this  time,  and  the  spores  floating  on  the  surface  of  distilled  water 
failed  to  germinate  two  days  later.  It  seems  that  these  aecia  crum- 
bled and  did  not  discharge  aeciospores.  The  aecial  chains  separated 
from  one  another  and  finally  broke  up  without  germination  of  the 
spores.  This  phenomenon  has  been  observed  in  aecia  a  month  old 
or  older  and  apparently  is  a  sign  of  age  in  the  aecia. 

Uredinia  were  produced  on  4  of  31  plants  inoculated  with  33-day- 
old  aeciospores  from  Hennepin  County  collections.  Flecks  appeared 
on  leaves  of  9  other  plants. 

Using  aeciospores  from  an  unknown  source,  mfection  was  obtamed 
8,  20,  22,  28,  and  29  days  after  the  date  of  formation  of  the  aecia. 
The  ninnl)ors  of  plants  infcclod  wore  as  follows:  15  of  31  with  1  flecked, 
5  of  25  with  1  flecked,  5  of  35  with  2  flecked,  23  of  37  with  2  flecked,  7 
of  30  with  2  flecked,  and  6  of  25  with  none  flecked,  respectively. 

The  aeciospores  hi  the  foregoing  experiments  differed  in  their  ability 
to  infect  Petkus  rye,  but  infection  occurred  on  this  susceptible  host 
with  spores  from  aecia  that  were  40  days  old.  Thus,  the  chances  for 
infection  of  grains  or  grasses  are  much  greater  than  if  the  aeciospores 
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were  relatively  short-lived,  in  which  case  they  might  be  liberated  in 
the  spring  at  periods  when  no  susceptible  hosts  were  present  and  no 
infection  would  occur.  When  the  aeciospores  are  liberated  and 
remam  viable  for  relatively  long  periods,  their  chances  of  falling  on 
susceptible  hosts  are  much  greater. 

As  stated  previously,  these  experiments  were  made  in  the  green- 
house. Whether  the  results  would  have  been  the  same  under  field 
conditions  is  not  known,  but  it  seems  logical  to  assume  that  in  the 
field  the  aeciospores  would  not  have  lived  so  long,  because,  exposed  to 
rain  and  dew,  they  probably  w^ould  have  germinated  more  promptly. 

PHYSIOLOGIC  FORMS  WITHIN  A  SINGLE  AECIUM 

Even  if  aeciospores  are  successfully  liberated  from  the  aecial  cups 
and  disseminated,  the  question  of  their  infective  capacity  stUl  remains. 
Barberries  usually  become  infected  from  the  near-by  grains  or  grasses. 
Obviously,  if  barberries  are  infected  with  a  variety  or  physiologic 
form  of  rust  that  will  not  attack  the  gramineous  hosts  near  the  bushes, 
epiphytotics  will  not  develop  near  them,  and  it  may  be  assumed  that 
the  source  of  the  barberry  infection  was  some  distance  away  from  the 
infected  barberries.  It  is  therefore  important  to  know  which  varieties 
and  physiologic  forms  predominate  on  the  barberry  in  order  better 
to  understand  the  occurrence  of  rust  in  any  year. 

There  is  a  possibility,  of  course,  that  hybridization  may  occm'  on 
barberries.  It  seemed  desirable,  therefore,  to  analyze  the  parasitic 
capabilities  of  the  spores  within  single  aecial  cups.  For  this  purpose 
telia  on  Red  Sask  wheat  were  used  as  the  inoculum  for  susceptible 
barberries,  and  the  resulting  aeciospores  constituted  the  source  of 
all  the  cultures  identified  in  this  work.  This  telial  material  was 
secured  from  Olaf  S.  Aamodt,  formerly  associate  pathologist  in  the 
Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry, 
stationed  at  University  Farm,  St.  Paul,  Minn.  He  stated  that  the 
material  was  the  result  of  inoculation  with  nine  known  physiologic 
forms  of  Puccinia  graminis  tritici,  namely,  forms  1,  18,  19,  21,  23,  29, 
33,  36,  39,  and  with  some  unidentified  material  collected  in  the  spring- 
wheat  region.  Some  physiologic  forms,  e.  g.,  form  21,  produce 
telia  rapidly  on  Red  Sask,  even  in  the  greenhouse,  so  the  wheat  was 
heavily  rusted  with  telia.  The  rusted  wheat  was  kept  out  of  doors 
exposed  to  the  weather  during  the  winter,  but  the  teliospores  were 
found  to  be  viable  in  April,  when  some  of  the  barberry  moculations 
w^ere  made.  Two  of  the  species,  Berheris  declinata  oxyphylla  and 
B.  canadensis,  were  heavily  rusted.  Two  cultures  of  Little  Club 
wheat  were  inoculated  with  aeciospores  from  B.  declinata  oxyphylla, 
and  heavy  infection  occurred  on  the  majority  of  the  plants  in  both 
cultures.  One  culture  was  given  to  M.  N.  Levme  and  J.  M.  Wallace 
for  identification.  The  writer  identified  the  rust  on  plants  in  the 
other  culture.  Levine  and  Wallace  identified  the  rust  given  them  as 
a  new  form,  P.  graminis  tritici  form  51.  The  author  found  that  the 
collection  he  identified  comprised  a  mixtm'e  of  P.  graminis  tritici  forms 
18  and  33.  In  Wallace's  collection  there  was  evidence  of  form  18  also, 
although  it  was  not  completely  isolated  and  identified.  These  col- 
lections or  strains  were  the  result  of  inoculation  with  aeciospores  from 
a  number  of  aecia. 

Four  pot  cultures  of  Little  Club  wheat,  one  of  Manchurian  barley, 
and  one  of  Petkus  rye  were  inoculated  with  spores  from  single  aecia 
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from  B.  canadensis.  The  cups  were  picked  off  with  a  pair  of  tweezers 
and  placed  on  the  wetted  leaf,  one  cup  to  a  leaf.  The  six  cultures  were 
incubated  48  hours  in  the  usual  manner,  then  placed  on  the  greenhouse 
bench.  The  amount  of  infection  varied.  In  the  case  of  culture  No.  1 
of  Little  Club  wheat,  2  out  of  21  leaves  were  infected;  culture  No.  2,  4 
out  of  19;  culture  No.  3,  4  out  of  15;  and  culture  No.  4,  5  out  of  22. 
One  flecked  plant  was  noted  in  No.  1,  3  flecked  plants  in  No.  3,  and  2 
flecked  plants  in  No.  4.  Of  the  barley  plants,  2  out  of  21  were  suscep- 
tible, while  1  was  flecked.  None  of  the  Petkus  leaves  proved  suscep- 
tible, although  two  of  the  leaves  were  flecked. 

The  rust  on  each  of  the  susceptible  leaves  was  treated  as  an  individ- 
ual strain,  and  an  effort  was  made  to  inoculate  a  susceptible  host  from 
each  leaf,  then  isolate  the  culture  of  rusted  plants  and  identify  this 
rust  as  a  separate  unit.  The  results  are  given  in  Table  13.  Because 
of  the  press  of  work,  not  all  of  the  strains  were  kept  in  culture.  Con- 
sequently, only  10  of  17  possible  strains  were  identified.  From  these 
10  strains,  five  physiologic  forms  of  Puccinia  graminis  tritici,  with  a 
possible  sixth,  were  isolated,  in  which  the  technic  of  Stakman  and 
Levine  was  followed  (16). 

Study  of  the  data  obtained  reveals  the  fact  that  forms  18  and  35 
were  found  associated  in  the  rust  strains  five  times,  forms  21  and  33 
occurred  together  four  times,  forms  18  and  33  twice,  forms  21  and 
35  three  times,  and  forms  34  and  35  once.  Forms  34,  36,  51,  and  52 
appeared  but  once  during  the  course  of  the  investigation,  form  51 
appearing  in  the  multisorous  culture  identified  by  Wallace  and  Levine, 
and  forms  34,  36,  and  52  appearing  in  the  single-cup  cultures  identi- 
fied by  the  author.  Form  51  was  not  known  before  it  was  identified 
by  Wallace  and  Levine  in  the  mass-aecial  culture.  Form  52  was 
identified  twice  in  1928  from  field  collections,  one  of  which  was  from 
northern  Minnesota,  and  it  was  also  in  culture  at  St.  Paul  in  another 
greenhouse  at  the  time  it  was  identified,  so  the  possibility  of  its  hav- 
ing been  a  contamination  can  not  be  dismissed  entirely. 


Table  13. — Physiologic  forms  of  Puccinia  graminis  tritici  isolated  from  Berberis 
spp.,  inoculated  with  teliospores  produced  on  Red  Sask  wheat  grown  at  University 
Farm,  St.  Paul,  Minn.,  1926 


Source  of  cultuie 

Aecial  host 

Rust' 
strain 

Number  of  times  physiologic  forms  indicated 
were  isolated 

18 

21 

33 

34 

35 

36 

SI 

52 

Many  sori 

B.    declinata    oxy- 
DhvUa 

f            1 
I             2 
LC-la 
LC-2a 
LC-2b 
LC-2C 
LC-3a 
LC-3d 
LC-4C 
LC-4g 
B-la 

B-lb 

1 
»1 

...... 

1 
...... 

84 

« 1 

1 

1 

B.  canadensis 

'1 

1 
«1 

1 
>1 

»1 

1 
"'i2 

•1 

Single  cup 

1 
*4 

1 
«3 

1 

1 

1 

»1 

•  1 

'  T/r  =  Liitle  Club  whe.it;  n  =  0(lerbrucker  barley. 
Duniliers  refer  to  rust  strain  from  each  host. 
'  Identity  not  (lef'mitely  established. 
'  Identity  of  all  but  1  of  the  cultures  doubtful. 
♦  Identity  of  1  of  the  cultures  doubtful. 


Numbers  refer  to  primary  host;  letters  following 
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The  experiment  indicates  that  when  the  telia  used  for  inoculating 
barberry  contain  more  than  one  form  it  is  improbable  that  only  one 
form  can  be  secured  by  using  single  aecial  cups.  To  be  sure  of  having 
only  one  form  present  in  the  culture,  it  would  be  necessary  to  use  only 
single  chains  of  aeciospores,  or  better  still,  single  aeciospores  from  a 
single  aecial  cup.  The  results  obtained  suggest  the  possibility  that 
forms  51  and  52,  and  perhaps  form  34,  originated  through  hybridiza- 
tion on  the  barberry.  As  some  of  the  collections  of  uredinia  used  in 
inoculating  the  Red  Sask  wheat  had  not  been  identified  before  Aamodt 
used  them,  the  possibility  can  not  be  excluded  that  forms  34,  51,  and 
52  may  have  been  present  in  the  field  and  passed  through  the  barberry 
unchanged.  However,  form  51  has  never  been  identified  before  or 
since,  so  it  seems  strongly  probable  that  it  was  the  result  of  hybridiza- 
tion. The  presence  of  two  or  more  forms  in  the  strains  from  single 
aecial  cups  indicates  that  the  aecia  are  not  the  product  of  the  fusion 
of  the  hyphae  of  a  single  form  at  the  base  of  the  aecium.  If  two  or 
more  physiologic  forms  make  up  or  form  a  single  aecium,  then,  theoreti- 
cally, there  is  almost  no  limit  to  the  number  of  physiologic  forms  of 
stem  rust  that  may  be  identified  in  the  progeny  of  a  single  aecium. 

In  the  rust  forms  identified  from  these  various  cultures  not  more 
than  two  physiologic  forms  usually  were  present.  In  one  culture, 
LC-4c,  forms  18,  21,  33,  and  35  were  definitely  identified.  In  this 
culture,  supposedly  derived  from  a  single  aecium,  four  different 
physiologic  forms  were  present.  When  several  forms  are  obtainable 
from  a  single  aecium  it  is  most  probable  that  hybridization  will  some- 
times occur  and  possibly  evolve  new  forms,  or  yield  forms  already 
known.  This  may  have  been  the  explanation  of  the  appearance  of 
forms  34,  51,  and  52.  Form  51,  new,  differs  from  form  33  only  in  its 
reaction  to  Vernal  emmer  of  the  differential  hosts.  Vernal  is  sus- 
ceptible to  form  51  and  highly  resistant  to  form  33.  Form  52  differs 
from  another  of  the  identified  forms,  form  18,  on  but  2  of  the  12 
differentials.  Kubanka  shows  an  X-type  reaction  to  form  52,  and 
Vernal  is  susceptible;  Kubanka  is  susceptible  to  form  18  and  Vernal 
is  highly  resistant.  Both  these  forms  may  have  originated  as  the  result 
of  a  slight  change  in  the  chromosomal  arrangement  of  the  cells,  one 
form  acquu'ing  the  ability  to  attack  Vernal  emmer,  the  other  having 
two  factors  altered,  enabling  the  pathogene  to  attack  Vernal  and  pro- 
duce an  indeterminate  reaction  on  Kubanka.  It  is  possible  that  this 
indeterminate  reaction  on  Kubanka  or  some  other  host  is  the  result  of 
a  heterozygous  condition  of  the  rust.  Inoculating  barberry  with 
telia  of  such  a  heterozygous  rust  might  break  up  the  rust  into  two 
forms,  one  of  which  would  be  able  to  attack  Kubanka  severely,  the 
other  unable  to  produce  more  than  a  light  infection  on  the  same  host. 

Of  the  known  physiologic  forms  of  Puccinia  graminis  tritici,  used  to 
inoculate  Red  Sask  wheat  during  the  summer  and  fall,  only  four  were 
isolated  the  following  spring.  These  were  forms  18,  21,  33,  and  36. 
Those  not  identified  in  the  summer  and  found  in  the  spring  were 
forms  34,  35,  51,  and  52.  However,  it  should  be  remembered  that 
some  unidentified  material  also  was  used  in  inoculating  the  Red 
Sask  wheat,  so  the  possibility  of  their  presence  in  the  unknown 
material  can  not  be  excluded. 
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DISCUSSION 

It  is  evident  from  the  foregoing  experiments  and  observations  that 
most  of  the  species  of  Berberis  tested  are  susceptible  to  Puccinia 
graminis.  Susceptible  species  in  general  resemble  Berberis  vulgaris 
morphologically;  those  that  did  not  rust  resemble  B.  thunbergii. 
This  also  was  true  of  the  limited  number  of  progeny  of  B.  vulgaris  X  B. 
thunbergii  that  were  tested. 

The  infection  produced  on  barberries  depends  upon  a  number  of 
factors :  Age  of  teliospores,  length  of  incubation  period,  temperature, 
age  of  barberry  leaves,  and  moisture  available  for  germination  of 
teliospores.  Teliospores  a  year  or  more  old  produced  fewer  sporidia 
than  those  collected  in  early  spring,  as  judged  by  the  barberry  infec- 
tions. Teliospores  kept  cool  and  dry  retained  their  ability  to  infect 
barberry  for  a  year  and  a  half;  when  exposed  to  natural  conditions 
the  spores  lost  their  viability  within  a  few  weeks.  Teliospores  wetted 
continuously  for  11  days  germinated  and  the  resultant  sporidia  in- 
fected the  barberry  plants.  This  is  significant  in  nature  because  teli- 
ospores often  are  exposed  to  rains  before  the  barberry  leaves  have 
unfolded,  and  if  all  of  them  germinated  promptly  at  such  times  the 
amount  of  effective  inoculum  would  be  greatly  reduced.  Barberries 
may  be  infected  by  viable  sporidia  from  teliospores  at  any  time  during 
an  11-day  period  of  rainy  weather,  provided  the  temperature  is 
favorable,  for  there  may  be  a  constant  discharge  of  sporidia  during 
this  period.  The  telial  material  retains  its  infective  power  for  some 
time,  even  when  exposed  to  continuous  moisture,  and  may  retain  it 
longer  under  conditions  of  intermittent  rain. 

The  minimum  length  of  time  necessary  for  infection  of  barberries, 
including  germination  of  the  teliospores,  formation  and  liberation  of 
the  sporidia,  and  the  entrance  of  the  sporidial  germ  tubes  into  the 
plants,  was  41  hours  when  the  teliospores  were  removed  from  the 
straw  before  inoculation  and  21  hours  when  the  plants  were  inocu- 
lated with  heavily  rusted  straw.  Plants  exposed  five  hours  to  a  shower 
of  sporidia  in  an  incubator  became  infected.  The  length  of  time 
required  for  infection,  as  well  as  the  severity  of  infection,  depends  on 
a  number  of  factors,  the  principal  ones  of  which  are  moisture  and 
temperature.  It  was  found  that  teliospores  do  not  germinate,  pro- 
duce sporidia,  and  cause  infection  readily  at  temperatures  higher  than 
26°  C.  The  optimum  temperature  for  the  entire  process  required  for 
infection  of  barberries  is  fauly  low,  Ijdng  between  12^^  and  21°. 
After  infection  once  occurs,  temperature  again  is  important  in  deter- 
mining the  length  of  the  incubation  period.  Aecia  are  produced  most 
rapidly  at  temperatures  ranging  between  20°  and  30°,  and  the  incu- 
bation period  may  be  lengthened  from  3  daj^s  at  31°  C.  to  15  days  at 
8°.  Moistm-e  has  very  little  effect  on  the  degree  of  infection,  and  sun- 
light in  the  greenhouse  apparently  has  only  an  indirect  effect.  It 
probably  is  important  principally  in  the  hardening  of  the  leaf  tissues. 
If  there  is  abundant  light,  the  tissues  arc  likely  to  harden  rather 
rapidly  and  the  period  of  their  susceptibility  is  shortened.  When, 
on  the  other  hand,  there  is  relatively  little  light,  the  tissues  remain 
more  delicate  and  the  period  of  susceptibility  is  lengthened,  as  in  the 
case  of  the  petioles  of  barberry  leaves  kept  in  constant  darkness. 

Leaves,  young  stems,  spines,  petioles,  peduncles,  sepals,  and  berries 
may  become  infected.    The  impression  has  been  general  that  leaves 
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retain  theii-  susceptibility  only  a  few  days.  If  this  were  true,  it  would 
be  necessary  that  conditions  for  infection  be  favorable  when  barberry 
leaves  first  unfold  in  the  spring.  It  has  been  found,  however,  that 
leaves  of  Berberis  vulgaris  may  remain  susceptible  16  days  after  the 
buds  unfold.  Leaves  of  B.  aetnensis  may  remain  susceptible  for  12 
days ;  actually  this  period  probably  is  longer  than  that  for  B.  vulgaris, 
as  there  were  indications  that  leaves  of  B.  aetnensis  were  not  becoming 
resistant  with  increase  in  age  as  was  the  case  with  B.  vulgaris.  This 
period  of  susceptibility  during  which  infection  may  occur  if  environ- 
mental conditions  are  favorable  is  fairly  long. 

Barberries  often  become  infected  quite  early  in  the  spring  and  may 
therefore  encounter  freezing  temperatures.  If  such  temperatures  were 
more  harmful  to  the  rust  than  to  the  barberry  tissues,  the  amount  of 
potential  inoculum  produced  on  barberries  would  be  greatly  reduced 
in  the  spring.  It  was  found,  however,  that  freezing  kills  the  tissues 
of  the  host  plant  before  it  kills  the  rust  fungus.  Barberries  with  a 
moderate  development  of  p,ycnia  on  the  leaves  were  kept  91  days  at  a 
temperature  of  0°  C,  but  when  they  were  again  placed  on  the  green- 
house bench  the  fungus  was  able  to  produce  normal  aecia.  It  is 
therefore  apparent  that  the  rust  on  the  barberry  can  withstand  tem- 
peratures as  low  as  those  endured  by  its  host. 

After  aecia  are  once  formed  in  nature  there  often  are  periods  of  dry 
weather.  During  these  periods  the  aecia  may  remain  capable  of  dis- 
charging viable  spores  for  37  days  after  the  appearance  of  the  aecia  on 
the  plants.  This  means,  then,  that  the  aecia  may  remain  dormant 
on  fairly  dry  leaves  and  resume  activity  when  the  air  becomes  moist 
enough  to  enable  the  aecial  cups  to  open  and  discharge  spores.  As 
the  aeciospores  are  discharged  only  under  moist  conditions  and  ger- 
minate only  in  a  moist  atmosphere,  the  rust  fungus  can  withstand 
unfavorable  conditions  for  some  time  in  the  aecial  stage.  Under 
greenhouse  conditions  the  aeciospores  remained  viable  as  long  as  46 
days  after  the  date  of  their  appearance  on  plants  of  Berberis  vulgaris. 

The  results  show  that  the  aecial  stage  of  Puccinia  graminis  is  fairly 
well  adapted  to  withstand  the  variable  weather  conditions  so  likely 
to  occur  in  the  barberry-eradication  area  in  the  spring.  There  are  a 
fairly  long  tirne  and  a  wide  range  of  environmental  conditions  under 
^vhich  the  aecial  stage  may  develop,  discharge  spores,  and  cause  infec- 
tion on  grains  and  grasses. 

The  recent  discovery  of  heterothallism  by  Craigie  (4)  has  strength- 
ened the  belief  that  hjjbridization  between  rust  forms  may  occur  on 
the  barberiy.  The  writer's  results  with  cultures  of  Puccinia  graminis 
triticiirom  single  leaves  moculated  with  individual  aecial  cups  indicate 
that  in  telial  collections  containing  more  than  one  physiologic  form 
there  is  a  possibility  of  new  combinations  of  the  known  forms.  As 
many  as  four  physiologic  forms  were  isolated  from  one  culture.  If 
four  different  physiologic  forms  can  be  isolated  from  a  culture  it  is 
highly  probable  that  at  some  time  some  of  the  physiologic  forms  in 
the  collection  may  fuse  to  form  entirely  new  combinations  or  physio- 
logic forms.  In  this  work  one  such  form,  form  51,  was  obtained,  and 
another,  form  52,  was  isolated,  although  form  52  was  found  in  the 
field  the  year  following  the  collection  of  the  teha.  Form  51  never 
has  been  described,  so  it  is  very  probable  that  this  form  originated  on 
the  barberry  through  hybridization  of  other  forms. 


36    TECHNICAL  BULLETIN  314,  U.  S.  DEPT.  OF  AGRICULTURE 

The  work  of  Newton,  Johnson,  and  Brown  {14)  and  Stakman^ 
Levine,  and  Cotter  {17)  on  hybridization  in  Puccinia  graminis 
involved  making  many  cultures  from  single  aecia.  From  conversa- 
tion with  Newton  it  appears  that  individual  unopened  aecia  were 
used,  and  \ery  rarely  did  more  than  one  physiologic  form  appear 
in  any  one  culture.  In  the  writer's  results  it  was  unusual  to  find  but 
a  single  physiologic  form  present.  This  obvious  discrepancy  in  the 
results  may  perhaps  be  explained  by  the  fact  that  in  the  writer's 
experiments  at  least  nine  known  physiologic  forms,  and  probably 
more,  were  present  in  the  telial  collection  used  to  inoculate  the  bar- 
berries from  which  the  uredinial  cultures  were  derived.  In  the  experi- 
ments of  Newton  et  al.  only  one  or  two  forms  were  present  in  their 
telial  material. 

SUMMARY 

A  study  was  made  of  the  factors  affecting  the  development  of  the 
aecial  stage  of  Puccinia  graminis. 

A  list  of  susceptible  and  immune  species  and  varieties  of  Berberis, 
as  determined  by  the  writer  and  others,  is  given. 

In  individuals  from  a  Berberis  vulgaris  X  B.  thunbergii  cross  there 
seemed  to  be  a  correlation  between  the  morphologic  characters  of 
B.  vulgaris  and  susceptibility  to  P.  graminis. 

Teliospores  of  P.  graminis  may  remain  viable  at  least  a  year  and  a 
half  when  kept  drj^  and  at  a  temperature  near  the  freezing  point. 

Teliospores  of  P.  graminis  do  not  germinate  and  produce  sporidia 
at  temperatures  higher  than  26°  C,  or  if  they  do,  they  do  so  very 
rarely. 

Barberries  may  become  infected  when  exposed  to  teliospores  that 
have  been  wetted  for  264  hours,  or  11  days. 

Temperatures  ranging  from  12°  to  21°  C.  are  the  most  favorable 
for  the  germination  of  teliospores,  infection  of  barberry  bushes,  and 
production  of  aecia.  Freezing  infected  barberries  killed  the  host 
plant  before  it  killed  the  rust. 

Light  and  moisture  had  no  decided  effect  on  the  production  of 
pycnia  or  aecia,  although  there  was  some  evidence  that  the  absence 
of  light  may  increase  and  prolong  the  susceptibility  of  barberry  leaves 
because  the  tissues  remain  succulent. 

The  minimum  length  of  time  necessary  for  barberry  infection  by 
teliospores  was  21  hours,  although  infection  occurred  after  a  5-hour 
period  of  exposure  to  a  shower  of  sporidia  in  a  moist  chamber. 

On  Berberis  vulgaris,  infection  may  occur  on  the  leaves,  stems, 
spines,  petioles,  sepals,  or  berries. 

Leaves  of  B.  vulgaris  16  days  old  were  susceptible  to  the  attack  of 
P.  graminis. 

Aecia  of  P.  graminis  may  discharge  aeciospores  37  days  after  the 
appearance  of  the  aecia,  and  the  aeciospores  may  infect  rye  46  days 
after  the  appearance  of  the  aecia  on  the  barberry  leaves. 

Two  physiologic  forms  of  P.  graminis  tritici  wore  isolated  from  a 
number  of  uredinial  cultures  produced  by  single  aecial  cui)s,  although 
the  forms  found  were  not  the  same  in  all  cultures.  In  one  case  four 
physiologic  forms  were  identified  from  such  a  culture.  The  telia  used 
to  inoculate  the  barberries  contained  nine  or  more  physiologic  forms. 
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INTRODUCTION 

The  problem  of  physiologic  specialization  in  parasitic  fungi  con- 
tinues to  be  one  of  vital  interest  to  plant  pathologists  and  plant 
lireeders  everywhere.  Although  the  urge  to  discover  new  physiologic 
forms  merely  to  increase  the  number  in  any  particular  species  is 
rapidly  diminishing,  it  is  impossible  to  escape  the  ]u-actical  necessity 
of  continually  searching  for,  describing,  aud  cataloguing  new  forms. 
Modern  plant  breeding  rightfully  demands  this  knowledge  as  an  in- 
valuable aid  in  the  production  of  improved  disease-resistant  varieties 
of  crop  plants. 

Although  Mains  and  Jackson  (10)  ^  described  12  physiologic  forms 
of  the  leaf  rust  of  wdieat,  Puccinia  tiitieina  Eriks.,  in  1926,  it  was 
realized  at  the  time  that  these  comprised  only  a  few  of  the  forms 
present  in  the  United  States,  and  that  the  number  would  require  ex- 
tension from  time  to  time.  Since  1926  studies  on  physiologic  special- 
ization have  been  conducted  concurrently  at  the  Purdue  University 
(Indiana)  and  the  Kansas  agricultural  experiment  stations.  The 
data  obtained  on  the  occurrence  of  new  physiologic  forms  are  pre- 
sented in  this  bulletin,  together  with  a  revision  and  coordination  of 
the  data  on  physiologic  forms  of  P.  triticina  as  presented  by  various 
writers. 


1  The  investigations  here  reported  were  conducted  hy  the  Division  of  Cereal  Crops  and 
Diseases,  Bureau  of  Plant  Industry,  in  cooperation  with  the  Department  of  Botany  and 
Plant  Pathology  of  the  Kansas  Agricultural  Experiment  Station  and  the  Department  of 
Botany   of   the   Purdue   University    (Indiana)    Agricultural    Experiment    Station. 

-  The  v?riters  gratefully  acknowledge  many  helpful  suggestions  received  from  M.  N. 
Levine  and  H.  B.  Humphrey  during  the  course  of  the  studies  here  reported. 

^  Italic  numbers  in  parentlieses  refer  to  Literature  Cited,  p.  21. 
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HISTORY 

In  1026  ]\Iains  and  Jackson  {10)  proved  the  existence  of  12  phys- 
iologic forms  of  Puccinia  triticina  through  the  use  of  11  varieties  of 
common  wheat  as  differential  hosts.  Two  years  later  Scheibe  {13) 
described  3  new  forms  from  collections  made  in  central  Europe  and 
designated  them  as  forms  13.  14,  and  15.  He  also  stated  that  form  11 
was  the  only  one  described  by  Mains  and  Jackson  from  Xorth  Amer- 
ican material  found  by  him  in  central  Europe.  In  this  paper  Scheibe 
unwittingly  lias  introduced  an  error  into  the  literature  on  physiologic 
forms  of  P.  trHlchm.  Seed  of  the  differential  varieties  was  fur- 
nished him  by  Mains,  but  since  the  publication  of  his  data  in  1926 
{10^  p.  101)  Mains  had  discarded  Turkey  47  from  the  list.  This  was 
done  because  the  reaction  of  Turkey  47  to  the  12  described  forms 
was  the  same  as  that  of  Malakof  (C.  I.*  No.  4898)  and  because  Turkey 
47  had  a  tendency  to  cross  very  readily  with  other  varieties  in  the 
field.  Therefore,  seed  of  Turkey  47  was  not  sent  to  Scheibe  when  he 
requested  seed  of  the  11  standard  varieties.  A  supply  of  Michigan 
Amber  29-1-1-1  was  sent  him  at  that  time,  however,  as  a  very  sus- 
ceptible variet}^  upon  which  to  grow  stock  cultures.  ]Mains  had 
found  Michigan  Amber  very  satisfactory  for  that  purpose  because  it 
had  proved  susceptible  to  nearly  all  of  the  known  physiologic  forms. 
Scheibe,  hoAvever,  apparently  considered  Michigan  Amber  as  a  sub- 
stitute for  Turkey  47  and  therefore  as  having  the  same  reactions  to 
forms  1  to  12,  inclusive,  as  Turkey  47.  In  his  paper  {13,  p.  593)  he 
has  assigned  the  reactions  of  Turkey  47  in  Mains  and  Jackson's  data 
to  ^Michigan  Amber  29-1-1-1  for  all  of  the  first  12  forms  except  form 
11,  for  which  he  gives  the  reactions  he  obtained  with  European  rust 
collections.  Michigan  Amber  29-1-1-1  has  not  been  shown  by  pub- 
lished data  to  have  differential  reaction  to  physiologic  forms  of  P. 
triticina  and  should  be  eliminated  from  the  list  of  differential 
varieties. 

Waterhouse  {17)  noted  the  occurrence  of  two  forms  of  leaf  rust  of 
wheat  in  Australia  in  1929.  These  forms  were  interesting  in  that 
they  had  identical  reactions  on  the  11  standard  varieties  used  by 
INIains  and  Jackson.  However,  when  the  Australian  variety  Thew 
w'as  added  to  the  list  it  was  found  that  there  were  really  two  forms, 
to  one  of  which  Thew  was  resistant,  while  to  the  other  it  was  sus- 
ceptible. Although  Waterhouse  thus  described  two  new  physiologic 
forms,  he  did  not  give  them  definite  numbers,  merely  desijznating 
them  as  "Aust.  1  "  and  "Aust.  2." 

In  May.  1930,  another  ]>a])er  by  Scheibe  {llf)  increased  the  number 
of  known  physiologic  forms  of  Puccinia  triticina  to  23.  Forms  16 
to  23.  inclusive,  were  described  from  collections  made  in  Germany, 
Latvia,  Estonia,  Poland,  Bulgaria,  and  Hungai-y  in  1928  and  1929. 
Scheibe's  studies  indicated  that  in  Europe  there  are  two  main  groups 
of  physiologic  forms,  a  west-European  group  composed  of  5  forms 
and  an  east-European  group  of  7  forms.  He  points  out  that  the 
west-European  group  is  composed  of  forms  that  are  relatively  "non- 
aggressive"  on  the  11  standard  varieties,  while  the  eastern  group  is 
composed  of  "aggressive"'  forms  to  wliich  many  of  the  standard 
varieties  are  highly  susceptible. 

*  C.  I.  indlcatps  accession  number  of  the  Division  of  Cereal  Crops  nnd  Diseases,  for- 
merly Office  of  Cereal  Investigations. 
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Aside  from  the  researches  of  Mains  and  ejackson  in  the  United 
States  and  those  of  Scheibe  in  Germany,  data  on  phs^yiologic  forms 
of  Puccinia  trit'/clna  are  very  meager.  The  two  forms  described  by 
Waterhouse  ah-eady  have  been  mentioned.  Wellensiek  {18)  studied 
several  collections  of  leaf  rust  from  different  parts  of  the  Netherlands 
and  found  three  forms  — 11,  14,  and  15 — all  of  which  had  been  found 
by  Scheibe  in  Germany.  Dodoff  (^)  lias  described  a  new  form  re- 
sulting' from  experiments  conducted  in  Bulgaria.  Unfortunately, 
however,  he  has  followed  Scheibe's  error  in  considering  Michigan 
Amber  a  differential  variety.  Another  physiologic  form,  form  25, 
has  recently  been  discovered  and  described  in  Europe  l)y  Tscholakow 
{16).  In  the  United  States  Johnston  ((V)  described  an  aberrant 
physiologic  form  in  1930,  and  that  constitutes  the  only  form  de- 
scribed in  this  country  since  192G. 

MATERIALS  AND  METHODS 

DIFFERENTIAL    OR    STANDARD    VARIETIES 

The  varieties  used  in  these  studies  as  differential  hosts  for  the 
identification  of  physiologic  forms  were  the  same  as  those  originally 
used  by  Mains  and  Jackson  {10)  with  the  exception  of  Turkey  47, 
Norka  (C.  I.  No.  4377),  and  "unnamed"  (C.  I.  No.  3747),  %yhich 
have  been  dropped  from  the  list.  The  unnamed  spring  varieties 
were  described  by  C.  E.  Leighty  in  the  paper  by  Mains  and  Jack- 
son {10)^  but  no  names  were  given  them.  Since  the  varieties  are 
in  use  in  various  parts  of  the  world  and  it  is  often  confusing  to 
refer  to  several  different  varieties  under  the  general  term  "  un- 
named," it  was  deemed  advisable  to  name  them.  The  following 
names,  therefore,  have  been  adopted  and  used  in  these  studies : 

Unnamed,  C,  I.  No.  3747=Similis,  C.  I.  No.  3747, 
Unnamed,  C.  I,  No.  3756=Carina,  C.  I.  No,  3756. 
Unnamed,  C.  I.  No.  3778=Brevit,  C.  I.  No.  3778. 
Unnamed,  C.  I,  No.  3779=Loros,  C,  I.  No.  3779. 

Although  descriptions  of  these  varieties  have  been  given  by  Mains 
and  Jackson,  several  distinctive  characteristics  of  some  of  them 
are  useful  in  detecting  inixtures  in  the  greenhouse  or  field.  Webster 
_(C.  I.  No.  3780)  and  Similis  (C.  I.  3747)  are  essentially  identical 
in  agronomic  characters  and  reaction  to  physiologic  forms  of  leaf 
rust.  Both  are  characterized  by  very  weak  straw  and  are  inclined 
to  lodge  in  nursery  sowings.  Both  have  long,  lax,  bearded,  some- 
w^hat  speltoid  spikes  with  extremely  long  beaks  and  light-brown 
glumes.  Because  of  its  similarity  to  Webster  in  reaction  to  all 
known  physiologic  forms,  Similis  was  dropped  from  the  list  of 
varieties  used  in  the  studies  herein  reported. 

Carina  develops  somewhat  stiffer  straw  in  field  sowings  than 
either  Webster  or  Similis.  It  is  characterized  by  wdiite  chaff  with 
a  distinct  keel  carried  to  the  base  of  the  glume,  and  beaks  that 
frequently  are  as  long  as  the  awns,  especially  under  greenhouse 
conditions, 

Brevit  is  easily  distinguished  from  all  of  the  other  spring  varie- 
ties by  its  short  beak.  It  also  has  somewhat  stiffer  straw  than  either 
Webster  or  Similis,  but  is  inclined  to  lodge  at  the  time  of  maturity. 

Loros  has  long  beaks,  which,  in  the  greenhouse,  frequently  are 
as  long  as  the  awns.    Under  field  conditions  it  stands  a  little  better 
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than  "Webster,  Similis,  Carina,  and  Brcvit  and  is  inclined  to  liavc 
darker  brown  glumes.  In  the  seedling  stage,  in  the  greenhouse,  this 
variety  often  shows  a  serious  physiologic  weakness  of  the  leaf  tissues 
of  the  first  seedling  leaf  (prophyllum)  that  often  riiakes  it  extremely 
difficult  to  get  satisfactory  rust  readings.  This  weakness  usually 
is  manifested  ])y  a  somewhat  water-soaked  appearance  of  the  tissues, 

even  before  inocula- 
tion. After  removal 
from  the  moist  cham- 
ber such  areas  dry  up 
very  rapidly,  giving 
that  part  of  the  leaf  a 
scalded  a  p  p  e  a  r a  n  c e. 
(Fig.  1.)  This  fre- 
quently happens  de- 
spite the  most  careful 
handling.  The  tissues 
apparently  are  very 
delicate  and  sensitive 
to  sudden  changes  in 
environmental  condi- 
tions, as  well  as  to 
even  very  slight  pres- 
sure such  as  occurs  in 
the  case  of  hand  inocu- 
lations. The  scalded 
areas  often  embrace 
the  entire  area  on 
which  spores  have  been 
sown,  which  naturally 
results  in  no  visible  in- 
fection. Sometimes 
the  in  jur}^ begins  at  the 
tip  of  the  leaf  and  cov- 
ers most  of  the  leaf  area. 
]\Iore  frequently,  how- 
ever, the  injury  occurs 
as  large  scalded  areas 
near  the  center  of  the 
leaf,  leaving  areas  of 
normal  green  tissue  at 
the  tip  and  base. 

Xorka  probably  pos- 
sesses the  stiff  est  straw 
of  the  spring  sorts 
used  in  past  experi- 
ments as  differential 
varieties.  It  also  has  a  much  denser  spike  and  smaller  kernels  than 
any  of  the  sj)ring  varieties  discussed  above.  Noi-ka  was  dropped 
from  the  list  of  differential  vaiieties  used  in  the  experiments  reported 
in  this  hulU'tin  because  all  preceding  investigations  had  shown  it  to 
!ia\e  reactions  the  same  as  those  of  Malakof  to  all  known  physiologic 
forms. 


Fioi  hi:  1. — Scc(iliii>.'s  cif  Lipi-iis  wheal  d '.  1  .No.  ;;T7!M. 
showing  l.viiieal  ^;calcling  of  leaves  alier  removal  liimi 
tbe  moist  chaiiiber 
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The  four  Avinter-wlieat  varieties  used  as  differentials,  viz,  Malakof 
(C.  I.  No.  4898),  Mediterranean  {C.  I.  No.  :>3a2),  Hussar  (C.  I.  No. 
4843),  and  Democrat  (C.  I.  No.  3384),  are  fully  described  by  Clark, 
Martin,  and  Ball  (-?). 

It  has  been  very  difficult  to  keep  pure  seed  of  differential  varieties 
in  sufficient  quantities  for  detailed  pliysiolo<>ic  form  testing  and  to 
supply  other  investigators  with  seed.  Considerable  natural  crossing- 
has  occurred  in  some  varieties,  and  there  has  been  some  mechanical 
mixture  owing  to  threshing  and  handling  of  seed  in  quantities.  All 
of  the  varieties  have  been  repeatedly  pure-lined  and  tested.  From 
these  only  the  best  lines  have  been  retained  for  use  in  the  United 
States  and  sent  to  investigators  abroad.  In  the  writers'  experi- 
ments several  jjlants  of  each  variety  were  inoculated  with  each  rust 
culture  and  occasional  off-type  plants  were  easily  identified  by  their 
differences  in  plant  characters  or  reaction  to  rust.  Such  plants  were 
recognized  as  mixtures  and  discarded  from  the  experiment  without 
further  consideration. 

METHODS   OF  STUDY 

All  the  original  data  presented  in  this  bulletin  were  secured  from 
experiments  conducted  with  seedling  plants  in  the  greenhouses  at 
Manhattan.  Kans.,  and  La  Fayette,  Ind.,  in  the  winter  and  very 
early  spring  of  the  ])eriod  from  1926  to  1930,  inclusive.  Kust  col- 
lections, were  made  in  the  field  at  various  points  in  the  United  States, 
usually  in  spring  and  sunnner.  Uredinial  material  on  green  leaves 
usually  was  collected.  The  leaves  were  dried  and  stored  in  glassine 
envelopes  in  the  refrigerator  until  needed  for  greenhouse  testing. 
When  ready  for  use  the  spores  were  scraped  from  the  leaf  with  a 
small  moistened  spatulate  instrument  and  either  spread  directly  on 
moistened  leaves  or  placed  in  a  drop  of  water  on  a  glass  slide,  from 
Avhich  they  were  then  transferred  to  the  leaves.  Transfers  from 
field  collections  usually  were  made  to  the  first  seedling  leaves  of  some 
susceptible  variety  of  wheat  such  as  Turkey  or  Michigan  Amber. 
The  film  of  water  causes  the  spores  to  cling  readily  to  the  leaf  surface 
%vhen  the  spatula,  covered  with  moistened  spores,  is  rubbed  over  the 
leaf.  The  lower  surface  of  the  leaf  seemed  to  be  a  little  better  than 
the  upper  surface  for  this  purpose. 

The  inoculated  seedlings  were  then  placed  in  small  moist  cham- 
bers, the  bottoms  of  which  were  covered  with  sphagnum  moss  that 
had  been  thoroughly  wet  down  just  before  the  seedlings  were  placed 
upon  it.  In  the  earlier  experiments  the  tops  of  the  moist  chambers 
contained  a  pane  of  glass  to  admit  light,  but  this  was  later  found 
to  be  unnecessary,  and  in  most  experiments  the  seedlings  were  in 
absolute  darkness  during  the  infection  period.  At  Manhattan  small 
galvanized-iron  cylinders  were  used  for  moist  chambers,  and  after 
the  plants  were  in  place  several  thicknesses  of  newspaper  were  placed 
over  the  top  and  thoroughly  wet  with  tap  water.  A  pane  of  green- 
house glass  or  a  layer  of  board  was  placed  upon  this.  The  paper 
cover  was  wet  down  twice  daily  by  sprinkling  with  tap  water.  This 
was  found  to  give  the  required  relative  humidity  inside  the  moist 
chambers,  and  excellent  infections  resulted,  although  light  was  ex- 
cluded. In  the  earlier  experiments  at  Manhattan  great  difficulty  was 
experienced  in  getting  satisfactory  infections  with  any  regularity. 
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Apparently  this  was  due  to  the  very  dry  atmosphere  and  the  diffi- 
culty of  maintaining  a  high  humidity  in  the  moist  chambers.  Spores 
of  Piiceinia.  triticina  must  be  in  contact  with  condensed  moisture  for 
satisfactory  germination.  Under  proper  moist-chamber  conditions 
the  leaves  should  be  covered  with  dew. 

Most  investigators  have  followed  the  practice  of  keeping  plants 
in  the  moist  chamber  48  hours.  There  are  serious  objections  to  this 
method  because  the  seedlings  often  are  spindling  and  etiolated  when 
removed  and  the  tissues  are  ver}-  delicate  and  tend  to  scald  easily.  In 
the  writers'  experiments  it  soon  became  apparent  that,  if  optimum 
conditions  for  infection  were  provided,  jjerfectly  satisfactory  infec- 
tions were  obtained  in  24  hours  in  the  moist  chambers.  This  not  only 
speeded  up  the  work  greatly,  but  the  seedlings  came  out  of  the  cham- 
bers in  sturdier  condition  and  were  less  likely  to  scald.  The  seed- 
lings usually  were  removed  from  the  moist  chambers  to  the  green- 
house benches  late  in  the  evening  when  there  was  no  sun  on  the  green- 
house glass  to  cause  scalding. 

The  stock  culture  thus  established  was  then  transferred  to  10-day  to 
12-day-old  seedlings  of  the  differential  varieties  that  had  been  grown 
in  a  separate  compartment  of  the  greenhouse  where  there  were  no 
cultures  of  rust.  Occasionally  time  can  be  saved  by  transferring 
spores  directly  from  the  material  collected  in  the  field  to  a  set  of 
differential  varieties.  However,  very  frequently  a  field  collection 
either  fails  to  germinate  or  germinates  very  poorly,  and  the  whole 
set  of  differentials  is  then  lost.  When  the  stock-culture  method  was 
used  the  individual  cultures  were  placed  in  separate  compartments 
and  several  tests  frequently  were  made  from  the  original  stock. 
Transfers  from  stock  cultures  to  differential  varieties  were  made  by 
hand  in  the  same  manner  as'  described  for  the  establishment  of  a 
stock  culture.  Rust  readings  on  differential  varieties  were  made 
when  infection  Avas  fully  developed,  wliich  usually  varied  from  about 
14  days  after  inoculation  in  midwinter  to  10  days  or  less  in  late 
spring.  During  the  period  of  very  short  days  and  low  light  intensity 
the  incubation  period  often  was  remai-kably  long. 

If  the  first  test  showed  a  rust  collection  to  be  a  mixture  of  physio- 
logic forms,  single-spore  or  single-uredinium  transfers  v\ere  made  to 
seedlings  growing  under  lantern  globes  with  a  thin  layer  of  cotton 
over  the  top  to  exclude  stray  spores.  If  two  or  three  varieties  showed 
both  flecks  and  ui'edinia,  or  had  uredinia  of  different  types  on  the 
same  leaf,  pure-culture  transfers  to  plants  grown  under  lantern 
globes  were  made  from  each  type.  Because  of  the  greater  ease  of 
handling  and  of  securing  a  greater  number  of  successful  transfers,  a 
large  ]M)r(i()n  of  pure-line  cultui"es  came  from  single-pustule  trans- 
fers. ^\'ell-isolat('d  pustules  were  selected  in  making  them.  The 
spores  Avere  carefully  collected  on  a  moistened  spatula  and  trans- 
ferred to  seedlings  under  lantern  globes.  Such  cultures  usually 
j)i'oved  to  be  j)Ui('.  but  if  (hci-e  still  Avas  an  indication  of  mixture  th«' 
I>rocess  was  rcjjeated  until  pure  cultures  were  (jbtainc^l.  Once  a 
pure-line  culture  Avas  established,  its  purity  could  be  maintained 
indelinitcly  by  transferring  it  to  fresh  seedlings  under  lantern  globes. 

As  already  stated,  (lie  writers'  ('X|ieiMm(>nts  Avei-e  conductiMl  oidy 
with  siMMJling  plants  in  the  greenhouse  in  the  winter  and  early  spring. 
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All  the  foregoin<)i;  conditions  ai'e  iuiportant,  as  has  been  demonstrated 
by  various  investigators.  Johnston  and  Melchers  {0)  demonstrated 
that  several  varieties  of  wheat  reacted  differently  to  leaf  rust  at  dif- 
ferent stages  of  growth.  Data  secured  in  these  studies  clearly  show 
that  some  of  tlie  differential  varieties  are  susceptible  as  seedlings  but 
i-esistant  at  heading  time.  This  change  in  reaction  usually  begins  on 
the  second,  third,  or  fourth  leaf,  so  that  readings  made  on  leaves 
other  than  the  primary  leaf  may  not  be  reliable. 

It  is  now  a  well-known  fact  that  environmental  conditions  often 
have  a  marked  effect  on  the  type  of  reaction  exhibited  by  a  variety. 
Mains  and  Jackson  (10)  noted  that  Hussar  (C.  I.  No.  4843)  often  was 
highly  resistant  to  a  form  of  leaf  rust  during  the  fall  and  winter  and 
only  moderately  or  slightly  resistant  to  the  same  form  in  the  late 
spring.  Waterhouse  {17)  found  that  Thew,  Hope,  lumillo,  Hussar 
(C.  I.  No.  4843-2),  and  Carina  (C.  I.  No.  3756-4)  were  susceptible  to 
certain  forms  of  leaf  rust  in  the  summer  and  resistant  in  winter  tests. 
In  studies  made  during  the  winter  and  summer  he  noted  also  verv 
marked  differences  in  the  behavior  of  certain  differential  varieties  to 
forms  of  Puccinia  gramlnis  tntici  and  P.  graminis  avenae.  The 
same  was  true  of  a  collection  of  P.  simplex  (anofiiala)  on  certain 
varieties  of  barley.  Johnson  (7),  working  Avith  stem  rust  of  wheat 
in  Canada,  found  that  increases  in  temperature  tended  to  change  the 
type  of  infection  of  certain  physiologic  forms  on  some  differential 
varieties.  Gordon  (r5)  found  the  same  to  be  true  of  the  reaction  of 
Joanette  oats  to  forms  1,  3,  4,  and  5  of  P.  cpYiminls  avenae.  Peturson 
{12)^  working  with  physiologic  forms  of  P.  coronata  avenae.,  con- 
cludes that  several  of  the  differential  varieties  reacted  very  differently 
to  several  of  the  forms,  depending  on  the  temperature  at  which  the 
plants  were  held  after  inoculation. 

Care  also  must  be  taken  not  to  confuse  effects  produced  by  other 
causes  with  those  produced  by  rust  infection.  Doak  (-5)  has  shown 
that  the  wilting  of  inoculated  plants  for  a  short  time  will  bring 
about  death  of  infected  cells.  Susceptible  varieties  may  be  made  to 
appear  highly  resistant,  moderately  resistant,  or  of  indeterminate 
reaction,  clepencling  on  the  point  in  the  incubation  period  when  wilt- 
ing occurred  and  also  on  the  amount  of  wilted  tissue. 

These  researches  suggest  explanations  for  some  of  the  conflicting 
results  obtained  at  different  times  and  by  different  investigators. 
They  also  point  out  the  necessity  for  conducting  experiments  of  this 
nature  under  environmental  conditions  as  similar  as  possible. 

INFECTION   TYPES  AND   REACTION   CLASSES 

Most  investigators  recognize  three  main  classes  of  reaction  of  host 
varieties  to  rust,  viz,  resistant,  susceptible,  and  indeterminate.  It 
also  is  generally  recognized  that  resistance  is  expressed  by  three 
distinct  types  of  infection,  and  susceptibility  by  two  such  types,  al- 
though they  also  may  be  considered  as  five  types  of  susceptibility. 
These  can  be  said  to  show  a  gradual  gradation  from  the  highest  type 
of  resistance  to  complete  susceptibility.  (Fig.  2.)  These  types  of 
infection  therefore  have  been  designated  by  the  Arabic  numerals  0,  1, 
2,  3,  and  4,  0  representing  the  greatest  resistance  and  4  the  highest 
susceptibility.    These  types  are  adequately  described  for  leaf  rust  by 
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Mains  and  Jackson  {10),  and  their  classification  has  been  adopted  in 
these  studies. 

Alth()U<;h  the  heterogeneous  type  of  infection  described  by  Stak- 
nian  and  Levine  {16)  as  "  type  X  "  was  occasionally  encountered  by 
iSIains  and  Jackson,  it  was  not  described  by  them  nor  used  in  their 
table  of  reactions.  It  was  observed  and  recorded  by  Scheibe  in 
Germany  and  Waterhouse  in  Australia  in  their  studies  on  leaf  rust 
of  wheat.  Scheibe  used  the  reaction  as  distinguishing  characteristics 
of  forms  22  and  23,  and  Waterhouse  noted  that  under  certain  con- 
ditions  several   of  the   differential    varieties   exhibited    an    "  inter- 


FiGtKB  2. — Tvjjcs  of  iiifeotion  produced  bv  Pucciiiia  triticina  on  varieties  of 
wlieat.  From  l.'ft  to  riglit  the  types  are  0,  0.  0,  1  —  .  1,  2  —  ,  2,  2  +  .  3,  3  +  ,  4.  X. 
X,    X,    and    mixed.     The   latter   is   a    mixture    of   two    forms   on    the   same    leaf 

mediate  type  X  "  reaction  to  the  two  Australian  forms.     Stakman 
and  Levine  define  the  heterogeneous  X  type  as  follows: 

Uredinia  very  variable,  apparently  iiiclutling  all  types  and  degrees  of  infec- 
tion on  the  same  bliide ;  no  mechanical  separation  possible;  on  reinoculatiou 
small  uredinia  may  ijroduce  large  ones,  and  vice  versa.     Infection  ill  delined. 

This  is  essentially  the  conception  that  most  investigators  have  had 
of  the  X-type  infection.  This  type  of  infection  very  frequently  is 
encountered  in  Fi  hybrids  and  heterozygous  segregates  in  later  gener- 
ations, wlien  resistant  and  susce])tihh>  varieties  have  been  crossed.  In 
such  a  case  it  is  considered  an  "  interuRMHate  "  type  of  reaction.  The 
use  of  the  term  "  intermediate  "  would  be  very  useful  in  certain  re- 
spects. For  example,  it  Avas  frequently  observed  in  the  course  of 
the  wi'itei-s'  stiKlies  that  a  certain  variety  would  give  a  t^'pe  2  or 
2+  reacticjii  at  one  time  and  at  a  later  reading  would  give  a  ty])e  3 
reaction  to  the  same  rust  form.  In  realitv,  the  varietv  had  a  reaction 
varying  from  moderate  resistance  to  moderate  susceptibdity,  whicli 
could  i-eadily  be  coiisidci'cd  intei'incdiiite.  Varieties  having  a  reac- 
tion of  2-3  can  not  be  ])laced  in  either  resistant  or  susce})tible  cate- 
gories, since  tliey  actually  are  intermediate  between  these  two  in  re- 
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action.  They  therefore  shoiihl  be  classed  as  intermediate  or  variable. 
The  term  ""  variable  "  is  used  in  this  bulletin  to  designate  different 
reactions  of  the  same  variety  to  the  same  form  at  different  readings, 
and  the  term  "  indeterminate  "  to  designate  the  occurrence  of  type  X 
infection. 

There  has  been  one  marked  difference  in  the  method  of  presenting 
data  for  use  in  the  identification  of  physiologic  forms  of  the  various 
races  of  stem  rust  and  for  leaf  rust  of  wheat.  Stakman  and  Levine 
(IS),  Newton  (i-/),  Bailey  (i),  Waterhouse  (/'/'),  and  others  have 
recently  used  mean  infection  types  alone  with  modifying  symbols 
for  recording  slight  fluctuations  in  the  reaction  of  a  variety  to  a 
form  of  rust.  Mains  and  Jackson  {10),  Scheibe  {13,14),  and  Dodoff 
{4)  have  always  used  the  observed  range  in  types  of  infection  instead 
of  means.  Each  method  has  several  points  in  its  favor.  Infection 
means  require  less  space  in  tabulation,  are  more  easily  recorded,  and 
probably  give  greater  uniformity  to  cereal-rust  literature.  Ranges 
of  infection  are  very  useful  in  that  they  indicate  precisely  the  limits 
observed  for  the  recorded  form  on  each  variety.  They  also  probably 
are  more  readily  understood  by  persons  not  closely  conversant  with 
rust  literature  who  may  have  occasion  to  use  such  data.  The  data 
presented  in  this  bulletin  therefore  are  presented  in  terms  of  ranges 
wherever  such  readings  were  obtained.  It  should  be  borne  in  mind 
that  where  a  reaction  of  2-3  is  indicated  other  investigators  may  con- 
stantly obtain  reactions  of  type  2  or  type  3  for  the  same  form  on  the 
same  variety.  In  such  cases  the  data  in  Table  1  and  in  the  key  are 
applicable  even  though  no  variability  had  been  shown. 

Table  1. — Reaction  of  differential  varieties  of  Triticum-  vulgare^  to  physiologic 

forms    of   Pioccinia    triticina 


Physiologic  form 


1-. 
2_. 
3.. 
4-_ 
5-. 
6-- 
7-_ 
8_. 
9_. 
10. 
11. 
12- 
13. 
14_ 
15- 
16- 
17. 
18- 
19- 
20- 
21- 
22- 
23. 
24. 
25. 
26. 
27- 


Type  of  infection  on  wheat  variety— 

*4-l 

Ui 

1fl 

^ 

C3 

+j 

£§, 

S 

a 

b 

a 

03 

> 

1 

2 

o 

o 

a 

Q 

0 

0 

0 

0 

0 

1 

1 

0 

0-1 

0-1 

0-1 

0 

0-1 

4 

3-A 

4 

0-1 

0-2 

2-2-f- 

0-2 

2-4 

3-4 

0-1 

4 

0-1 

4 

4 

1 

3-4 

3-4 

2-2-f- 

1-2 

4 

0 

0-1 

0-1 

0-1 

4 

0-2-1- 

4 

4 

2 

4 

1-2 

3 

3-4 

3 

3-4 

4 

1-2 

1 

4 

1 

4 

1 

4 

4 

1 

4 

4 

4 

3-4 

1 

1 

4 

1-2 

1-2 

4 

4 

0-1 

1-2+ 

0-1 

4 

4 

4 

4 

4 

1-2 

1-2 

1-2 

0 

2+ 

3-4 

1-2 

3^ 

1-2 

0-2 

0-2 

0 

4 

4 

1 

4 

4 

4 

4 

4 

4 

2— 

4 

4 

0 

4 

0 

0 

2- 

4 

1 

4 

0 

4 

0 

0 

0 

0-1 

0 

0-1 

4 

0-1 

4 

0 

0 

0 

0 

0 

0 

2 

0 

4 

0 

0 

0 

0 

0 

4 

0 

0 

4 

2 

4 

4 

0 

4 

0 

4 

4 

2 

4 

4 

0 

1 

0 

4 

4 

4 

4 

4 

0 

4 

0 

4 

4 

2 

4 

4 

4 

4 

4 

X 

4 

4 

1-2 

4 

0-1 

0-1 

0-1 

X 

4 

2 

4 

4 

0 

4 

0 

4 

3-4 

1-2 

4 

4 

0-2 

4 

X 

0 

2 

4 

0 

2 

4 

0 

4 

0 

4 

4 

0 

4 

0 

4 

0 

3-4 

2 

1-2 

3^ 

3 

2 

2-3 

2-3 

Described  by — 


Mains  and  Jackson. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Scheibe. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do.     . 

Do. 

Do. 

Do. 
Dodoff. 
Tscholakow. 
Waterhouse. 
Johnston. 


1  Accordins:  to  the  rules  of  botanical  nomenclature  the  name  of  this  species  is  TTiticum  aestivvm,  but  as 
T.  vulgare  is  in  general  use  among  agronomists,  the  writers  give  preference  to  that  form. 
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Table  1. — Reaction  of  differential  varieties  of  Triticum  vulgare  to  physiologic 
■forms  of  Puccinia  triticina — Continued 


Type  of  infection  on  wlieat  variety- 

Physiologic form 

's 

03 

a 

a 

o 

> 
<I> 

n 

1 

£ 

o 

•S  03 

■4J 

g 
g 

Q 

Described  by- 

28            .     

4 
4 
4 
4 
0 
0 
0 
4 

2-3 

3-4 
0 

3-4 
4 
4 
4 
4 
0 
0 

0-1 
4 
4 
4 
4 
0 
4 
0 

1+ 

2-3 
2-3 

2 

2 

1 

0 

2-!- 

0 

2-1- 
2-2-1- 
2-3 

4 
2-3 

2 
3-4 
2-3 

3 
3-4 

3 

2 

1 

0 

1 

1+ 

2-3 
2-3 

1-2 
X 

2+ 

0 

2+ 

^l 

1-2 
2-3 

2 

2 

3 

3 

i+ 

2 
2 
2 
3 
4 
3 
1 
2 

2-1- 
2-3 

3 

4 
1-2 
0-1-1- 
0-1 

4 

0 
0-2 
0-1 
0-1 

0 

4 

4 
1-2 
0-2 

4 
0-1 

4 

4 

2 

2- 

1 

0 

1 

3 

4 

3-4 

4 

3-4 

4 

1 

4 

0-2 

3-4 

3-4 

4 

3^ 

4 

4 

4 

4 

4 

4 

0 

4 

3-4 

3 

3 

1 

1 

4 
1-2-F 

4 
1-2 

4 

2-1- 

1 

2-1- 

2+ 

2+ 
3-4 

4 

2 
3-4 

1 

X 
3-4 

2 

2 
2-3 

0 

0 

2 

4 

0 

3 

3 
1-2-f- 
3-4 
1-2 

1 

X 

1 
1-2 

2 
1-2 
0-1 

4 

2 

4 

2 
0-1 

2 
1-2 

0 

2 

4 

2 

3 

3 

3 

4 

1 

4 
1-2 

4 

4 

4 

4 

2-F 

2-1- 

2-1- 
3-4 
2-3 
3-4 

4 
1-2 

4 
3-4 
3-4 

2 

0 

0 

0 

3 

4 

0 

Johnston  and  Mains. 

29       

Do. 

30               -     

Do. 

31 

Do. 

32                    

Do. 

33 — 

Do. 

34         .              

Do. 

35     

Do. 

36                           

Do. 

37   

Do. 

38             

Do. 

39 

Do. 

40 

Do. 

41-.   

Do. 

42 

Do. 

43       

Do. 

44   

Do. 

45     

Do. 

46 

Do. 

47       

Do. 

48 

Do. 

49 

Do. 

50     

Do. 

51 

Schaal,  Stakman,  and  Levine. 

52. 

Do. 

53 

Do. 

EXPERIMENTAL  RESULTS 

COORDINATION    OF    PUBLISHED    AND    NEW    DATA    DEALING    WITH    PHYSIOLOGIC 
SPECIALIZATION   IN   PUCCINIA   TRITICINA 

In  order  to  bring  the  data  on  physiologic  forms  of  Puccinia  tri- 
ticina into  closer  harmony,  the  data  on  physiologic  forms  of  leaf 
rust,  as  reported  by  Mains  and  Jackson,  Scheibe,  Dodoff,  Waterhouse, 
and  Johnston  are  presented  in  Table  1.  The  data  on  26  additional 
physiologic  forms  are  also  included  in  this  table.  It  will  be  noted 
that  three  varieties  used  by  other  investigators  are  not  included  in 
this  table,  viz,  Xorka,  Similis,  and  Michigan  Amber.  Norka  and 
Similis,  as  previously  stated,  are  omitted  because  their  reactions  to 
all  known  physiologic  forms  are  almost  identical  with  those  of 
Malakof  and  Webster,  respectively.  Michigan  Amber  has  been 
omitted  because  it  has  shown  no  differential  reaction  to  any  of  the 
known  forms.  Scheibe  found  it  susceptible  to  all  of  the  forms 
found  by  liim  in  central  Europe,  and  Mains  and  Jackson  used  it  as 
a  susceptible  host  for  their  stock  cultures.  Since  there  is  also  an 
error  in  the  reactions  of  the  variety  to  the  first  12  physiologic  forms 
as  given  Ijy  Scheil)e  (/-?),  it  seems  desirable  to  eliminate  it  from  the 
list  of  difi'crential  hosts  and  the  reaction  record. 

With  this  misunderstanding  corrected,  there  remains  the  difficulty 
of  distinguishing  between  physiologic  forms  1  and  IG.  In  the  key 
])i'es('nte(l  on  jjage  11  they  are  sej)ai-ated  only  l)y  the  slight  differences 
in  reaction  ol'  Hussar.  The  reaction  of  this  variety  to  form  1  is  type 
1,  and  to  form  16,  type  2.  There  is  some  question  as  to  the  validity 
of  differences  as  small  as  this,  especially  with  Hussar,  and  it  is  likely 
that  foi'Tn  IC)  is  aftiially  form  1.  Vov  the  sake  of  maintaining  the 
form  numbers  used  by  Scheihi',  ioi-m  16  is  included  in  the  data  herein 
presented;  but  it  is  felt  that  it  is  the  same  as  form  1. 
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In  the  designation  of  forms  in  Table  1  the  numbers  of  the  forms 
described  by  Mains  and  Jackson  and  by  Scheibe  have  been  retained. 
Although  Waterhouse  (J?)  had  described  two  forms  before  Scheibe's 
(14)  paper  of  1930  appeared,  he  assigned  no  numbers  to  them  except 
''Aust.  1  "  and  "Aust.  2.''  However,  in  so  far  as  the  standard  varieties 
are  concerned,  these  two  forms  constitute  only  a  single  form.  Water- 
holise  found  it  necessary  to  add  Thew  to  the  list  of  varieties  to  sep- 
arate the  two  forms.  Dodoff  (4)  also  apparently  was  unaware  of 
the  work  of  Waterhouse  and  described  a  form  he  encountered  in 
Bulgaria  as  form  24.  Tscholakow  also  has  described  a  new  form  to 
which  No.  25  has  been  given.  It  therefore  becomes  necessary  to  place 
Waterhouse's  data  immediately  after  Tscholakow's  in  Table  1  and  to 
assign  No.  26  to  his  physiologic  form.  No.  27  was  assigned  to  the 
aberrant  physiologic  form  described  by  Johnston  (<S') .  Forms  28  to  53, 
inclusive,  are  forms  here  described  for  the  first  time.  Of  these,  forms 
28  to  35,  inclusive,  were  found  by  E.  B.  Mains  in  his  experiments  at 
La  Fayette,  Ind.,  forms  36  to  50,  inclusive,  w^ere  found  by  C.  O. 
Johnston  in  experiments  conducted  at  Manhattan,  Kans.,  and  forms 
51,  52,  and  53  are  forms  encountered  by  Schaal,  Stakman,  and 
Levine  ^  in  experiments  at  St.  Paul,  Minn. 

While  every  effort  was  made  to  simplify  the  key  for  identifica- 
tion of  forms  and  to  retain  its  dichotomy,  it  has  been  necessary  to 
make  use  of  characters  other  than  the  directly  opposite  resistance  and 
susceptibility.  The  introduction  of  the  indeterminate  and  variable 
types  into  the  data  made  this  a  necessity,  but  it  is  believed  that  the 
usefulness  of  the  key  has  not  been  impaired.  When  the  key  and  the 
table  of  reactions  are  used  together,  as  they  must  be  for  accuracy, 
it  is  relatively  easy  to  ascertain  the  physiologic  form  or  forms  of  a 
rust  collection. 

Analiitical  key  for  the  identiflcation  of  physiologw  forms  of  Puccima  tritic-inn, 
dHrrmlncd  on  the  basis  of  their  jiarasitie  behavior  on  differential  varieties  of 
Tritieiim  vidgare 

Malakof  resistant — 
Carina  resistant — 

Brevit  resistant — 
Loros  resistant — 

Mediterranean  resistant — 

Hussar  resistant—  Form  No. 

Hussar  type  1 1 

Hussar  type  2 16 

Hussar  susceptible 53 

Mediterranean  susceptible — 

Hussar  resistant 15 

Hussar  indeterminate    (X) 34 

Hussar   susceptible 2 

Loros  variable 3 

Loros  susceptible — 

Mediterranean  resistant — 

Democrat  resistant 38 

Democrat  susceptible 33 

Mediterranean   indeterminate    (X) 44 

Brevit  indeterminate   (X) 32 

Brevit  susceptible — 
Hussar  resistant — 

Democrat  resistant 11 

Democrat  susceptible 25 

=  Unpublished  data. 
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Malakof  resistau  t — Continued. 
Carina  resistant — Continued. 

Brevit  susceptible — Continued. 

Hussar  susceptible —  Form  No. 

I  )emocrat  resistant 14 

Denujcrat  susceptilile 51 

Carina  variable 46 

Carina  susceptible — 
Brevit  resistant — 

Mediterranean  resistant 18 

Mediterranean  susceptible 45 

Brevit  susceptible — 

Hussar  resistant 4 

Hussar  susceptible — 

Democrat  resistant 26 

Democrat  susceptible 12 

Malakof    A-ariable 36 

Malakof  indeterminate   (X)  — 

Brevit   resistant 23 

Brevit  susceptible 22 

Malakof  susceptible — 
Carina  resistant — 

Brevit  resistant — 

Webster  resistant — 
Loros  resistant — 

Mediterranean  resistant 17 

Mediterranean  .susceptible — 

Hussar  resistant 5 

Hussar  susceptil)le 52 

Loro.s  susceptible — 

Mediterranean  resistant 37 

INIediterranean  susceptible 28 

Webster  susceptible — 

Loros  resi.stant 7 

Loros  susceptible — 

Mediterranean  resistant — 

Hussar  resistant 9 

Hussar  variable 27 

Hussar  susceptible 31 

Mediterranean  susceptible 35 

Brevit  susceptible — 

Webster  resistant — 

Mediterranean  resistant . 50 

Mediterranean    susceptible 6 

Webster  susceptible S 

Carina  variable — 

Brevit  resistant 41 

Brevit  variable — 

Webster  resistant 39 

Webster   variable 29 

Webster  susceptil)le 30 

Brevit  suscei>ti''l<? 42 

Carina  susceptible — 
Brevit  resistant — 

Wel)ster  resistant 40 

Wcbsti-r   susceptil)ie — 

lioros  resistant 47 

Loros  susceptible — 

Mediterranean  resistiinl  — 

Hussar  resistant 10 

Ilussiir  susceptible — 

Deniocral  resistant 13 

Denincrnt    indeterminate    (X> 24 

Mediterranean  variable 48 

MedilcrrancMii  susceptible 21 
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Malakdf  susceptible — Continued. 
Carina  suscei)til)le — Continued. 
Brevit  susceptible — 

Webster  resistant—  Form  No. 

Hussar  resistant 43 

Hussar  susceptible 49 

Webster  susceptible — 

Hussar  resistant 10 

Hussar  susceptible 20 

RELATIONSHIP  AND  VARIATIONS   OF  PHYSIOLOGIC   FORMS 

Stakman  and  Leviiie  (Jo),  in  the  case  of  stem  rust,  and  Mains 
and  eTackson  (10),  in  the  case  of  leaf  rust,  recognized  that  the  addi- 
tion of  proper  differential  varieties  might  make  possible  the  separa- 
tion of  cultures  that  had  previously  been  considered  a  single  form. 
Waterhouse  (17)  found  that  the  variety  Thew  divided  form  26  into 
two  forms  under  certain  conditions.  Scheibe  {14)  has  also  pointed 
out  that  certain  physiologic  forms  are  really  closely  related  members 
of  composite  groups.  As  far  as  the  11  standard  varieties  were  con- 
cerned, they  appeared  to  be  a  single  form  btit  could  be  differentiated 
by  the  reaction  of  other  varieties.  The  writers'  experiments  also 
have  frequently  indicated  that  the  addition  of  other  varieties  to 
the  list  of  differentials  might  divide  described  forms  into  two  or  more 
forms.     New  forms  were  not  described  on  such  a  basis,  however. 

Many  instances  of  the  manifestation  of  the  same  phenomenon,  in  a 
slightly  different  way,  have  also  been  encountered.  It  frequently 
has  been  observed  that  two  or  more  forms  differ  from  each  other 
only  in  the  reaction  of  a  single  variety.  If  this  difference  is  high 
resistance  opposed  to  high  susceptibility,  it  probably  is  real  and 
constant.  If,  however,  it  is  between  resistance  and  intermediacy,  or 
susceptibility  and  intermediacy,  there  is  some  doubt  as  to  the  ac- 
tuality of  the  difference.  Johnson  (7)  has  shown  that  the  hetero- 
geneous type  can  be  changed  by  variations  in  temperature,  and 
Waterhouse  (17)  observed  that  the  X-type  reaction  was  very  com- 
mon in  cultures  of  Puccinia  triticina  on  the  standard  varieties  in 
the  greenhouse  at  certain  periods  of  the  year.  All  the  cultures  of 
the  writers  were  grown  on  differential  varieties  for  several  uredinial 
generations  but  usually  over  a  relatively  short  ]>eriod  of  time.  Table 
2  shows  some  comparisons  of  closely  related  forms  that  differ  only  in 
a  few  respects,  principally  by  a  difference  in  the  reaction  of  a  single 
varietv. 


Table  2. — Compariso-n-  of  several  physiologic  forms  of  Puccinia   triticina   that 

differ  from  one  another  onUi  slightly 


Num- 

Type of  infection  on  wheat  variety- 

_ 

ber  of 
ure- 

Physiologic form 

dinial 

Medi- 
terra- 
nean 

genera- 
tions 
tested 

Mala- 
kof 

Carina 

Brevit 

Web- 
ster 

Loros 

Hussar 

Demo- 
crat 

3                        

00 
CO 

7 
8 

0-1 
0 
0 
0 

0-2 
0 
0 

1 

2-2-h 
0-1 

0 

2-1- 

0-2 

0 

0-1 

0-1 

2-4 
0-1 

1 
4 

3-4 
4 
4 
2-f 

0-1 
0-1 
X 

1 

4 

15        

4 

34 

4 

33 

4 

44 

8 

0 

2 

2 

0-2 

4 

X 

0-1 

4 
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In  the  comparison  of  forms  3,  15,  and  34  it  will  be  noted  that  the 
main  difference  l)etween  them  is  in  the  A^ariable  reaction  of  Loros  in 
the  case  of  form  3  and  the  indeterminate  reaction  of  Hussar  in  the 
case  of  form  34.  The  point  is  still  more  striking  Avhen  forms  33  and 
44  are  compared.  In  this  case  Mediterranean  exhibits  a  2+  reaction 
to  form  33  and  an  indeterminate  reaction  to  form  44.  Only  a  slight 
fluctuation  in  environmental  conditions  might  be  necessarj^  to  cause 
such  a  slight  difference,  although  the  reaction  of  Mediterranean  to 
each  form  seemed  to  be  rather  constant  during  the  period  they  were 
under  study  and  the  infection  type  in  each  given  case  might  have 
been  quite  typical  for  the  variety. 

Another  condition  also  has  been  encountered  in  these  experiments 
that  indicates  that  some  physiologic  forms,  at  least,  are  realW  groups 
of  forms.  In  the  course  of  the  writers'  studies  they  have  frequently 
purified,  and  carried  for  several  generations,  cultures  that  could  be 
run  down  to  described  forms  in  the  key  but  really  differed  constantly 
from  those  forms.  Four  such  cases  are  shown  in  Table  3  where 
certain  cultures  are  compared  with  described  physiologic  forms. 

Table  3. — Comparison  of  crrtnin  iihii'<iolof/ic  fo?-ms  of  Puccinia   triticina  itUh 
cuUurcs  that  apixirenthj  are  cloficlij  related 


Form  and  culture  Nos. 


Tvpe  form  9 

J-170 

Tvpe  form  16... 

J-186 

Tvpe  form  31_-. 

J-166-1-9-1. 
Tvpe  form  37... 

.I-586-A-1.. 

J-39-1-1-X.. 


Num- 
ber of 
trials 


Mala- 
kof 


4 

3-4 
0 

0-1 
4 
4 

3-1 
4 

3-4 


Type  of  infection  on  wheat  variety — 


Carina 


1-2 

2 

0 
fl-1 

2 

2 

2-1- 
2 

2 


Brevit 


1-2 
2 
0 

1-2 
1-2 

2 

2 

2+ 


Web- 
ster 


4 

3-4 

0 

0-1 

4 

4 

0-2 

0 

2 


Loros 


4 

3-4 

0 

1-2 

4 

4 

3-4 

4 

4 


Medi- 
terra- 
nean 


0-1 

2-f 

0 

2-1- 
1-2 

0 

2-1- 
0-1 
0-1 


Hussar 


1-2-1- 

2 

2 

2 
3-4 

4 

2 

2 

2 


Demo- 
crat 


0-1 

2-f 

0 

24- 
1-2 

0 

2-f 
0-1 
0-1 


"While  none  of  the  variant  types  was  tested  over  more  than  a 
single  greenhouse  season,  the  readings  secured  on  them  at  various 
times  during  that  season  constantly  indicated  that  they  differed 
slight!}'  from  the  forms  to  which  they  apparently  were  related.  In 
the  case  of  culture  J-170,  Mediterranean  and  Democrat  were  con- 
stantly much  less  resistant  than  to  form  0,  to  which  the  key  indicated 
it  beh)nged.  Culture  J-LSG  showed  mucli  the  same  relationship  to 
form  16,  although  the  diffei-ence  between  the  two  was  still  more 
stiiking.  In  culture  J-lGG-l-O-l  the  situation  is  reversed,  how- 
evei'.  and  Mediterranean  and  Democrat  have  a  more  resistant 
reacticm  than  to  form  31.  It  is  much  the  same  with  regard  to  the 
difference  between  cuhuies  J-oSG-A-l  and  J-39-1-1-1  and  form 
37.  Here,  however,  there  aic  also  slight  differences  between  tlie 
three  cuKures  in  tlieir  beha\  ioi'  on  Webster. 

Although  many  physi(ih)gic  forms  have  been  very  constant  in  their 
beiiavior  on  differential  varieties,  certain  foiins  have  proved  to  be 
variable.  The  variations  apparently  aic  of  two  main  types,  viz. 
those  caused  by  changes  in  enxii'onmciital  conditions  and  those  due 
to  small  but  inheient  diilerences  between  components  of  a  group  of 
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allied  strains.  Those  variations  due  to  environment  are  fluctuating 
and  the  differences  indicated  by  them  are  only  apparent.  The 
differences  between  group  components,  on  the  other  hand,  are  con- 
stant and  real.  It  seems,  therefore,  that  certain  physiologic  forms 
at  least  can  not  be  considered  as  basic  units  or  genetic  entities,  as 
some  investigators  have  assumed.  They  apparently  are  groups  of 
forms  that  probably  could  be  further  divided.  Two  methods  of 
attaining  further  separations  present  themselves;  (1)  to  make  finer 
distinctions  on  the  basis  of  tyi)es  of  infection,  and  (2)  to  increase 
the  number  of  differential  varieties.  The  latter  would  seem  to  be 
the  more  desirable  of  the  two  methods  if  further  division  of 
physiologic  forms  of  Puccinia  tntic'ma  proves;  to  be  necessary. 
From  a  purel}^  mycological  standpoint  there  seems  to  be  good  reason 
for  describing  as  many  physiologic  forms  as  possible  and  for  making 
the  finest  possible  divisions.  From  a  practical  standpoint,  however, 
there  is  considerable  doubt  about  the  necessity  for  finer  divisions  than 
are  possible  wdth  the  present  group  of  differential  varieties.  In- 
creases in  the  number  of  varieties  mean  increases  in  the  time,  labor, 
space,  and  expense  required  for  physiologic-form  determinations. 
It  is  admitted  that  many  forms  probably  could  be  further  divided 
by  increasing  the  number  of  varieties,  but  it  should  be  pointed  out 
that  plenty  of  varieties  and  hybrids  have  been  found  to  have  resist- 
ance to  the  physiologic  forms  as  they  now  exist.  The  economic 
necessity  for  finer  divisions  therefore  does  not  seem  to  be  great. 

Scheibe  (7^)  gives  the  reactions  of  3  cultures  of  form  13  and  6 
collections  of  form  11  wdien  used  to  inoculate  11  standard  varieties 
and  17  other  varieties  of  wheat  that  his  experiments  had  proved  also 
had  differential  reaction.  His  data  (74?  Table  7)  show  that,  although 
the  cultures  are  all  typically  forms  13  and  11  as  far  as  the  11  stand- 
ard varieties  are  concerned,  the  individual  collections  actually  differ 
when  the  host  range  is  extended.  He  therefore  raises  the  question  as 
to  whether  11  standard  varieties  are  enough  to  differentiate  suffi- 
ciently the  possible  physiologic  forms  of  Puccmia  trlticina.  The 
writers  have  frequently  encountered  varieties  of  wheat  having  dif- 
ferential reaction  to  leaf  rust,  but  for  the  sake  of  uniformity  and 
facility  these  varieties  have  not  been  added  to  the  list  of  differential 
varieties. 

DISTRIBUTION   AND    PREVALENCE    OF    PHYSIOLOGIC    FORMS    OF   PUCCINIA 
TRITICINA    IN   THE    UNITED   STATES   AND   CANADA 

The  matter  of  the  distribution  and  prevalence  of  physiologic  forms 
of  pathogenic  organisms  is  one  of  considerable  interest.  Mains  and 
Jackson  {10),  prior  to  192C,  found  that  forms  to  which  Malakof 
(C.  I.  No.  4898)  was  resistant  were  more  abundant  in  the  eastern  and 
southern  parts  of  the  United  States,  while  those  forms  to  which 
Malakof  was  susceptible  were  more  prevalent  in  the  Central  West. 
Scheibe  {lit)  found  that  the  most  aggressive  physiologic  forms  were 
most  abundant  in  eastern  Germany  and  eastern  Europe,  while  the 
less  aggressive  forms  were  more  common  to  western  Germany  and 
western  Europe. 

In  the  writers'  experiments  since  1926  the  conclusion  of  Mains  and 
Jackson  that  physiologic  forms  of  rust  are  neither  fixed  nor  limited 
in  their  distribution  has  been  amply  verified.    The  forms  that  have 
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been  isolated  cluring  this  period  in  the  greenhouse  experiments  at 
La  Fayette,  Ind.,  and  Manhattan,  Kans.,  and  the  States  and  Prov- 
inces in  the  United  States  and  Canada  in  which  the  rust  collections 
were  made  are  listed  as  follows : 

Form  1. — Washington.  Idaho,  Montana,  Kansas,  Georgia. 

Form  2. — Colorado,  Kansas. 

Form  3. — Georgia,  Tennessee,  North  Carolina.  Virginia,  Ohio,  Indiana, 
Kansas,  Oklahoma,  Minnesota,  North  Dakota,  Washington,  Idaho,  Nova  Scotia. 

Form  .'"). — Mississippi.  Georgia.  North  Carolina,  Virginia,  Maryland,  Ten- 
nessee, New  York,  Ohio,  Indiana,  Kansas,  Oklalioma,  Texas,  Montana,  Wash- 
ington. 

Form  G. — Georgia,  Tennessee,  Indiana,  Ohio,  Texas. 

f'orm  9. — Georgia.  North  Carolina.  Maryland,  Texas,  Oklahoma,  Kansas, 
Missouri,  Nebraska,  I(»wa,  South  Dakota,  North  Dakota,  Minnesota,  Colorado, 
Montana,  Oregon.  Washington,  Ontario.  Quebec. 

Form  10. — Indiana.   Missouri.   Colorado,  Montana. 

Form  11. — Washington.  Idaho,  Oregon,  Texas,  Kan.sas. 

Form  15. — Iowa.  North  Dakota. 

Form  20. — Kansas,  Texas. 

Form  27. — Texas. 

Form  28. — Georgia,  Virginia.  Tennessee,  Indiana,  Wisconsin. 

Form  29. — Tennessee,  Virginia.  Indiana,  Ohio.  Kansas,  Missouri. 

Form  ?>(). — Gi'orgia,  North  Carolina,  Virginia,  Tennessee,  Ohio,  Indiana, 
Illinois,  Wisconsin,  Oklahoma,  Kansas,  New  York,  Ontario,  Quebec,  Nova  Scotia. 

Form  31. — Kansas,  Ohio,  Georgia. 

Form  32. — Virginia.  Tennessee,  Ohio,  Wisconsin,  North  Dakota,  Idaho,  Ore- 
gon, British  Cnlnmlua. 

Form  33. — (Jeorgia,  Nortli  Carolina,  Tennessee,  Texas,  Kansas,  Nebraska, 
South  Dakota.  North  Dakota. 

Form  .34. — Georgia,  Tennessee,  Ohio,  Indiana,  Washington. 

Form  3f). — Tennessee.  Kansas. 

Form  .30. — Kansas,   Texas. 

Form  37. — Kansas,   Iowa,   North  Dakota. 

Form  38. — Oklahoma,   Kansas. 

Form  39. — Kansas. 

Form  40. — Kansas,    Oklahoma. 

Form  41. — Texas,   Kansas. 

Form  42. — Texas,  Oklahoma,  Kansas. 

Form  43. — Kansas. 

Form  44. — North  Dakota,  Iowa. 

Form  4.^). — Missouri,  Kansas. 

Form  46. — Kansas. 

Form  47.— Oklahoma.  Texas,  Kansas. 

Form  48. — Oklahoma.  Kansas. 

Form  49. — Oklahoma,  Kansas, 

Form  no. — ^Minnesota. 

F(irm  51. — Texas. 

I\>rm  52. — Minnesota. 

Form  53. — Georgia. 

Several  of  the  forms  originally  described  by  Mains  and  Jackson 
have  a  very  wide  di.stribulion.  Forms  3.  5,  and  9  have  been  found 
in  nearly  all  parts  of  the  United  States  irom  Avhich  rust  collections 
have  been  received.  However,  form  1)  has  not  been  encountered  so 
fre(iuently  in  the  Ohio  \'alley  and  in  tlie  Southeastern  States  as  it 
has  in  the  ]Mi.ssi.ssipi)i  Valley  and  in  the  Great  Plains.  Forms  3  and 
5  are  more  frc(iueiitly  isolated  from  southeastern  and  eastern  collec- 
tions than  is  form  J).  Eight  of  the  I'J  forms  described  by  Mains  and 
Jackson  have  been  reisohited  since  the  publication  of  their  residts 
in  1*.>2().  F(»rm  1.  which  is  very  similar  to,  if  not  identical  with, 
form  W)  of  Schcibe,  seems  principally  to  be  a  form  of  northwestern 
distribution.      It   has    been   encountered    once    in    collections    from 
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Georgia  and  once  in  those  from  Kansas,  Form  2  was  isolated  only 
infreqnently  and  from  a  relatively  small  area  in  Kansas  and  Colo- 
rado. Forms  6,  10,  and  11  also  seem  to  be  relatively  unimportant, 
judging-  from  their  distribution  and  prevalence.  Of  the  forms 
described  by  Scheibe  in  Europe,  only  forms  11,  15,  and  20  were  en- 
countered in  the  writers'  studies.  Form  15  has  appeared  rather  fre- 
quently in  recent  j^ears  in  collections  of  leaf  rust  from  Xorth  Dakota 
and  Iowa,  but  form  20  has  been  encountered  only  twice,  once  in 
collections  nuide  in  Texas  and  once  in  those  from  Kansas. 

Some  of  the  forms  desci'ibed  for  the  first  time  in  this  bulletin  have 
been  under  iuA'estigation  long  enough  to  indicate  a  rather  wide  dis- 
tribution. Others  have  been  studied  a  much  shorter  time  and  their 
distribution  and  2:)revalence  are  imperfectly  known.  Forms  3-4  to 
52,  inclusive,  have  been  encountered  only  in  the  Mississippi  Valley 
and  the  eastern  Plains  States  from  Texas  and  Tennessee  northward. 
That  should  not  be  considered  the  full  extent  of  their  distribution, 
however.  They  wei'e  isolatetl  from  rust  collections  made  in  that  area 
and  studied  in  the  greenhouse  at  Manhattan.  Collections  made 
outside  of  that  area  during  the  same  j^ears  were  not  studied  at 
Manhattan. 

The  data  suggest  that  physiologic  forms  3,  5,  9,  and  30  are  the 
most  abundant  forms  in  the  United  States,  but  they  do  not  picture 
the  situation  for  any  particular  area  for  any  definite  period  of  time. 
The  situation  for  the  Mississippi  Valley  and  the  Great  Plains  area 
during  the  seasons  of  1928  and  1929  is  indicated  by  the  data  presented 
in  Table  4. 

Table  4. — Distribution  of  physiologic  forma  of  Pucclnla  trltlclna  in  the  Great 
Plains  area  as  indicated'  hy  isolations  from  field  collections  tnade  in  1D28  and 
]929 


Year  and  State 


Collec- 
tions 
tested 


1928 
Kansas 

Oklahoma 

Texas 

Nebraska 

Iowa 

North  Dakota. 

Total... 

1929 
Kansas 

Oklahoma 

Texas 

Nebraska 

Iowa 

Missouri 

Colorado 

Montana 

North  Dakota- 
South  Dakota. 

Total... 


Number 
40 

4 
5 
1 
2 
2 


64 


46 

10 
37 
4 
1 
2 
1 
1 
3 
5 


Collections  con- 
taining— 


Mixture 
of  forms 


Number 
23 

1 
1 


110 


25 


18 

7 
25 
2 
1 
2 
1 
1 
2 
1 


60 


Individ- 
ual form 


Number 
17 

3 
4 
1 
2 
2 


29 


28 


50 


Physiologic  forms  isolated  and  number  of  times 
(shown  in  brackets)  each  was  encountered 


9  [33],  37  [6],  36  [4],  5  [2],  38  [2],  1  [1],  3  [1],  11  [1], 
20  [11,  39  [1]. 


37  [1]. 

11  [1],  27  [1],  36 


1]. 


9  [45],  37  [7],  36  [5],  5  [2],  11  [2],  38  [2],  1  [1],  3  [1], 
20  [1],  27  [1],  39  [1]. 


9  [32],  13  [9],  5  [I],  2  [3],  3  [5],  29  [1],  30  [1],  31  [1], 
35  [11,  40  [1],  41  [1],  42  [1]. 


6],  13  [2],  5  [1],  3  , 

7],  13  [6],  3  [2],  5 

4],  13  [1],  33  [1]. 

1],  15  [1]. 

1],  10  [1],  29  [1]. 

1]. 

1],  13 

3],  13 

5),  33 


6  [1],  20  [1],  33  [1],  42  [5]. 


1]. 

1],  3  [1],  32  [1],  33  [1]. 

11. 


9  [60],  13  (201,  3  [9],  33  [4],  5  [3],  2  [4],  6  [1],  10  [l] 
15  [1],  20  fl],  30  [1],  32  [1],  35  [1],  40  [1],  41  [1] 
42  [6],  29  [2],  31  [1]. 
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It  must  be  admitted  at  the  outset  that  these  data  are  fragmentary, 
at  best,  especially  as  regards  the  whole  leaf-rust  population  of  the 
area.  It  is  obyious  that,  eyen  ^yith  hundreds  of  rust  collections  from 
evenly  distributed  points  over  an  area,  only  a  scant  representation 
of  the  physiologic-form  flora  is  obtained.  The  collections  from 
which  the  data  in  Table  4  were  derived  were  not  made  at  evenly 
distributed  points,  nor  in  equal  numbers  in  the  various  States.  They 
therefore  indicate  only  general  trends  in  form  distribution.  They  do 
indicate  rather  strongly,  however,  that  form  9  is  the  most  prevalent 
and  widely  distributed  form  in  the  area.  This  has  consistently  been 
the  case  iii  studies  conducted  at  Manhattan,  Kans.,  since  1926.  Of 
the  54  collections  of  rust  studied  in  1928,  slightly  more  than  half 
weriB  composed  of  only  a  single  form.  In  such  cases  form  9  was  the 
form  most  frequently  encountered.  Although  somewhat  more  than 
half  of  the  cultures  studied  in  1929  proved  to  be  a  mixture  of  forms, 
physiologic  form  9  was  again  the  dominant  form.  This  is  well  illus- 
trated in  the  analysis  of  the  data  recorded  in  1929.  Of  the  50 
cultures  that  consisted  of  a  single  form,  34  were  of  physiologic 
form  9.  While  00  of  the  cultures  proved  to  be  a  mixture  of  forms, 
it  was  possible  to  identify  the  forms  composing  the  mixture  in  only 
34  instances.  Of  these,  31  were  composed  of  2  forms ;  2  of  3  forms ; 
and  only  1  of  4  forms.  Of  the  31  containing  2  forms,  form  9  was 
one  of  the  constituents  in  23  cases.  Of  the  cultures  containing  3  and 
4  forms  each,  form  9  was  a  constituent  in  each  case. 

The  reason  for  the  dominance  of  physiologic  form  9  in  the  western 
Plains  area  is  not  definitely  known,  but  it  can  not  be  doubted  that 
it  is  particularly  well  adapted.  In  most  of  the  cases  where  field 
collections  of  leaf  rust  have  proved  to  be  mixtures  of  two  or  more 
l^hysiologic  forms,  form  9  usually  has  comprised  the  largest  part 
of  the  mixtures. 

It  has  been  noted  consistently  that  physiologic  form  9  is  the  one 
that  most  frequently  overwinters  in  Kansas,  Oklahoma,  and  Texas. 
Collections  made  during  the  late  fall,  winter,  and  early  spring  at 
points  in  these  States  have  usually  been  pure  form  9.  This  point 
is  well  illustrated  in  Table  5  by  data  on  the  physiolog-ic-form  content 
of  collections  of  leaf  rust  made  at  Manhattan  iluring  the  seasons  of 
1927-28  and  1930-31,  and  at  Denton,  Tex.,  in  the  spring  of  1928. 


Table  H. — Phijxioloyic  forms  of  Puccinia  tritieina  collected  at  Manhattan,  Kans., 
and  Denton,  Tex.,  during  different  months  of  1927,  1928,  1930,  and  1931 


Place 

Date  of 

Physiologic 

Place 

Date  of 

Physiologic 

collection 

forms  isolated 

collection 

forms  isolated 

June   11,1927 

9,3,11,37,29. 

f June  30, 1930 

9, 13, 19. 3. 

Nov.  2.';,  1927 

9,  29. 

Oct.    23,1930 

9.  19,  13. 15. 

Nov.  :«),  lii27 

9. 

Nov.  14,  1930 

9,  19. 

Manhattan,  Kans. 

Dec.   20.  1927 

9. 

Dec.   2(1,  1930 

9. 

Jan.      ((,  192)S 

9. 

Manhattan,  Kans. 

Jan.      .■•.,  1931 

9. 

May  IT).  1928 

9,13. 

Feb.   24,  1931 

9. 

June   ir>,  I92H 

9,3,  13,  l'>. 

Mar.    6, 1931 

9. 

Feb.   i:i.  192H 

9. 

Apr.    13, 1931 

9. 

Denton,  Tex 

Mar.  IK,  192H 
Apr.   10, 1928 
May  22, 1928 

9. 
9. 

iMay  20,1931 

9.  5. 13. 

9,3,2,  13. 
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These  data  show  that  at  Manhattan  the  number  of  physiologic 
forms  may  be  numerous  in  summer  and  early  fall,  but  that  physio- 
logic form  9  is  the  one  most  generally  encountered  in  late  fall  and 
winter.  Although  no  data  are  available  on  forms  present  at  Denton 
in  the  fall  and  winter  months  of  1927-28,  form  9  was  the  only  form 
present  in  collections  made  in  the  early  spring  of  1928.  At  both 
stations  the  number  of  forms  did  not  increase  to  any  appreciable 
extent  until  about  tlie  time  of  maximum  infection  at  each  station. 

Whether  the  data  presented  above  mean  that  physiologic  form  9 
is  able  to  overwinter  in  greater  abundance  than  other  forms  in  the 
southern  Great  Plains  can  not  be  said  with  certainty.  It  can  be 
stated,  however,  that  in  experiments  covering  the  period  of  1926  to 
1931,  inclusive,  it  has  been  the  form  usually  encountered  late  in  the 
fall  and  early  in  the  spring,  as  well  as  the  form  present  in  greatest 
abundance  during  the  s]:)ring  rust  season.  It  has  therefore  been  con- 
sidered the  dominant  form  in  the  southern  Plains  area.  Other  forms 
are  found,  to  be  sure,  but  usually  after  leaf-rust  infection  is  fairly 
well  advanced,  and  then  in  relativel}^  small  amounts  as  compared 
with  form  9. 

The  situation  in  the  Ohio  Valley  and  in  the  southeastern  United 
States  seems  to  be  much  different  in  tliat  no  one  form  appears  to 
be  dominant  year  after  year.  It  is  true  that  forms  3  and  5  are 
isolated  more  frequently  than  any  others  over  a  period  of  several 
years,  but  not  with  the  frequency  with  which  form  9  has  b^en  found 
in  the  Great  Plains.  A  larger  number  of  forms  are  isolated  in  the 
eastern  area  in  any  particular  season  than  in  the  Great  Plains  area. 
The  reason  for  this  is  not  clear.  If  a  susceptible  species  of  the  aecial 
host  of  Puccinm  tritieina  occurred  in  the  Eastern  and  Southern 
States,  the  explanation  might  be  said  to  lie  in  the  hybridization  of 
forms.  Jackson  and  Mains  (6"),  however,  failed  to  find  any  native 
leaf -rust-susceptible  species  of  Thalictrum.  Scheibe  {1I^)  states  that 
Eremejeva,  in  Russia,  succeeded  in  obtaining  positive  infection  in  16 
species  and  varieties  of  Thalictrum,  but  that  T.  minus  and  T.  -fiavum 
showed  the  most  decided  susceptibility^  He  also  states  that  Bondar- 
zew  has  pointed  out  that  these  are  the  species  that  occur  in  Russia  and 
become  the  most  severely  rusted.  Scheibe  then  ventures  the  opinion 
that  here  there  is  good  circumstantial  evidence  of  the  role  of  certain 
species  of  Thalictrum  in  the  genesis  of  new  physiologic  forms.  It 
may  also  explain  why  he  found  a  larger  number  of  physiologic  forms 
in  eastern  than  in  western  I^urope.  In  the  United  States,  however, 
the  native  species  of  Thalictrum,  as  far  as  they  have  been  tested, 
are  resistant  to  P.  trHlcin<i^  and  yet  there  are  often  many  physio- 
logic forms  present  in  a  single  season.  This  is  especially  true  of 
the  eastern  part  of  the  United  States.  It  seems,  therefore,  that 
some  factor  or  factors  other  than  the  presence  of  the  aecial  host  must 
be  sought  to  explain  the  distribution  and  abundance  of  physiologic 
forms  of  leaf  rust  of  wheat  in  this  country. 

GENERAL  DISCUSSION 

Although  only  26  physiologic  forms  of  Puccini  a  triticina  new  to 
North  America  are  described  in  this  bulletin,  nuuiy  more  probably 
could  have  been  described  if  finer  divisions  had  been  attempted. 
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Througliout  the  studies  herein  reported  evidence  indicating  that  some 
forms  could  be  subdivided  was  fro(|uently  encountered.  This  seem- 
ingly could  have  been  done  on  the  basis  of  constant  differences  in 
infection  tyi:»es  produced  by  different  cultures  on  the  same  variety. 
Although  infection  types  have  been  constantly  recorded  in  data  on 
physiologic  forms  of  cereal  rusts,  the  separation  of  forms  and  the 
construction  of  kej's  have  been  based  almost  entirely  on  reaction 
classes.  There  seems  little  doubt  that  separations  could  also  be 
made  on  the  basis  of  infection  types,  but  such  data  would  be  much 
more  difficult  to  use,  and  errors  due  to  the  effect  of  environment 
would  be  more  frequent.  There  seems  to  be  little  need  for  finer 
distinctions,  but  it  should  be  kept  in  mind  that  they  could  be  ob- 
tained. If  such  necessity  arose,  reliable  results  could  be  obtained 
only  under  carefully  controlled  conditions  that  could  be  duplicated 
by  other  investigators. 

The  occurrence  within  physiologic  forms  of  strains  that  differ 
slightly  but  constantly  from  one  another  is  not  admitted  by  all  in- 
vestigators. Some  feel  that  these  are  merely  variations,  apparently 
constant  for  a  time  but  lluctuating  if  the  form  be  cultured  often 
enough.  In  such  cases  it  is  assumed  that  the  variation  is  caused  by 
changes  in  environment.  While  the  writers  have  had  only  a  few 
forms  in  continuous  cultures  for  more  than  a  year,  they  have  tested 
many  forms  as  frequently  as  possible  during  a  greenhouse  season. 
This  in  itself  subjected  the  cultures  to  considerable  change  in  en- 
vironment, since  the  temperature,  humidity,  length  of  day,  and 
quality  of  light  vary  rather  widely  during  this  period.  AYhen  cer- 
tain cultures  were  found  to  react  constantlv  and  to  be  slightlv  differ- 
ent  from  described  forms,  it  seemed  reasonable  to  regard  them  as 
members  of  group  forms. 

Further  evidence  that  certain  physiologic  forms  are  really  groups 
of  forms  is  encountered  when  they  are  tested  with  a  larger  number  of 
varieties.  The  matter  of  increasing  the  number  of  differential  varie- 
ties, thus  making  it  possible  to  split  some  of  the  physiologic  forms 
into  tAvo  or  more  forms,  probably  merits  careful  consideration.  It 
remains  only  to  determine  whether  the  need  is  urgent  enough  and 
the  return  sufficient  to  compensate  for  the  vastly  increased  amount 
of  time,  labor,  space,  and  expense  that  would  be  involved  were  such 
a  course  jjursued.  It  is  also  well  to  consider  how  far  such  a  ]:)rocess 
is  likely  to  be  carried.  With  the  thousands  of  varieties  of  wlieat  thei'e 
would  seem  to  be  many  thousands  of  possibilities,  and  it  is  likely  that 
a  structure  so  unwieldy  as  to  be  practically  useless  would  result.  In 
the  United  States  one  of  tlie  most  frecpient  uses  of  ])hysi()logic-form 
determination  is  in  connection  with  ])rograms  of  breeding  wheats  for 
resistance.  There  has  been  no  difficulty  in  finding  varieties  Avith 
resistance  to  physiologic  forms  as  they  now  are  known.  If  these 
forms  actually  are  composites  of  several  forms  it  is  clear  that  resist- 
ance to  them  is  inherited  as  a  unit.  It  therefore  becomes  possible  to 
breed  for  resistance  to  several  forms  by  a  single  operation  instead  of 
the  several  o])ci'ati()ns  that  would  be  requii-ed  if  parental  varieties 
Avere  resistant  oTdy  to  finer  di^■isions  of  the  ])resent  ])hysiol()gic  foi-nis. 
In  breeding  for  I'csistance  to  leaf  rust  in  the  southern  (Jreal  I*hiins 
the  senior  writer  has  constantly  obtained  the  greatest  field  resistance 


PHYSIOLOGIC   SrECIALIZATION    IN   PUCCINIA  TRITICINA  21 

in  crosses  involviii<i:  resistance  to  several  physi()lo<:ic  forms.  Tliere- 
fore,  it  wonlcl  seem  reasonable  to  retain  the  present  ditferential  varie- 
ties as  basic  standards,  recognizing  that  others  may  be  added  for 
special  purposes,  or  when  it  seems  advisable  to  make  finer  distinctions 
than  now  seem  necessary. 

SUMMARY 

All  the  data  on  physiologic  forms  of  Puccmia  triticina  are  brought 
together  and  a  key  and  a  table  of  infection  types  for  53  physiologic 
forms  are  presented. 

Thirty-nine  physiologic  forms,  occurring  in  North  America,  are 
described. 

The  "unnamed"  differential  varieties  of  wheat,  C.  I.  Xos.  3756, 
3778,  3779,  and  3747,  are  named  Carina,  Brevit,  Loros,  and  Similis, 
respectively. 

Similis  and  Norka  haA^e  been  dropped  from  the  list  of  differential 
varieties  because  of  their  similarity  in  rust  reaction  to  Webster  and 
Malakof.  respectively.  It  also  is  pointed  out  that  Michigan  Amber 
does  not  belong  in  the  group  of  differential  varieties. 

Data  are  presented  showing  that  certain  physiologic  forms  are 
variable  in  their  expression,  and  that  some  forms  apparently  are 
closel}'  related  members  within  integral  grouj)s  that  might  be  sepa- 
rated by  the  addition  to  the  list  of  proper  clifferential  varieties  of 
Avheat. 

Distribution  and  prevalence  of  physiologic  forms  in  the  United 
States  are,  as  far  as  known,  independent  of  the  occurrence  of  species 
of  Thalictrum.  Physiologic  form  9  has  proved  to  be  more  prevalent 
and  abundant  in  the  southern  Great  Plains  than  other  forms.  In  the 
eastern  half  of  (he  Ignited  States  forms  3  and  5  are  more  frequently 
encountered  than  is  form  9. 

Some  evidence  is  presented  indicating  that  physiologic  form  9  is 
particularly  well  adapted  to  conditions  in  the  Great  Plains.  It  is  the 
form  most  frequently  collected  in  late  fall,  winter,  and  early  spring. 
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INTRODUCTION 

In  an  earlier  paper  (13)  ^  on  the  relation  of  seasonal  conditions  to 
quality  in  sweet  corn,  attention  was  drawn  to  the  fact  that  the  length 
of  time  required  for  Golden  Bantam  and  Stowell  Evergreen  varieties 
to  reach  canning  maturity  at  the  Arlington  Experiment  Farm,  Ross- 
lyn,  Va.,  near  Washington,  D.  C,  varied  with  the  date  of  planting, 
those  plantings  made  between  June  7  and  July  28,  1924,  having  ma- 
tured in  a  fairly  uniform  period  of  time,  whereas  those  made  earlier 
than  June  7  or  later  than  July  28  required  progressively  longer  periods 
to  reach  canning  maturity  as  the  times  of  planting  w^ere  farther  and 
farther  removed  from  these  dates.  These  results  suggested  to  the 
writers  that  any  particular  variety  or  strain  of  corn  might  have  a  defi- 
nite quantitative  temperature  requirement,  and  that  a  study  of  these 
temperature  relations  might  yield  results  of  value  to  growers,  breeders, 
and  canners  of  sweet  corn. 

The  question  is  often  raised  as  to  how  early  or  how  late  sweet  corn 
may  be  planted  with  safety  in  a  particular  region,  and  sometimes  as  to 
whether  corn  may  be  grown  at  all.  Furthermore,  the  adaptation  of 
strains  to  the  needs  of  a  particular  climate  and  other  considerations 
make  it  desirable  to  know  as  much  as  possible  about  the  temperature 
relations  of  this  crop.  With  this  in  mind,  an  analysis  was  made  of 
the  climatological  and  field  data  assembled  during  the  progress  of 
experimental  work  prior  to  1927,  which  proved  of  such  interest  that  a 
new  series  of  plantings  w^as  made  during  the  season  of  1927  to  check 
on  previous  findings  and  to  provide  more  carefully  collected  tempera- 
ture data. 


'  Italic  numbers  m  parentheses  refer  to  Literature  Cited,  p.  39. 
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SOURCES  OF  DATA 

Climatic,  field,  and  analytical  data  on  sweet  corn  growTi  at  the 
Arlington  Experiment  Farm  were  available  for  the  season  of  1922, 
when  15  different  varieties  were  studied;  for  1924,  when  Golden  Ban- 
tam and  Stowell  Evergreen  were  grown;  for  1925,  when  representa- 
tives of  the  various  types,  nine  in  all,  were  studied;  and  for  1927,  when 
Golden  Bantam  and  Stowell  Evergreen  were  again  grown. 

The  temperature  data  for  1922,  1924,  and  1925  were  taken  from  the 
official  reports  of  the  United  States  Weather  Bureau  at  Washington, 
D.  C,  the  observatory  of  which  was  located  approximately  1  mile 
from  the  experiment  plots.  During  the  season  of  1927,  in  addition 
to  the  official  Weather  Bureau  data,  thermograph  records  of  both  air 
and  soil  temperatures  were  kept  at  a  station  located  in  the  midst  of 
the  com. 

In  addition,  two  sets  of  data  were  available  from  the  sweet-corn 
section  of  Maine,  one  for  the  season  of  1925  and  the  other  for  that  of 
1926  from  the  region  adjacent  to  Auburn.  Field  data  were  supplied 
in  part  by  George  Bradley,  superintendent  of  a  commercial  canning 
plant  at  Auburn,  and  in  part  were  collected  in  the  field  by  the  senior 
writer.  Temperature  records  were  secured  at  the  gatehouse  of  a 
water-power  plant  at  Lewiston,  just  across  the  Androscoggin  River 
from  Auburn. 

Samples  for  chemical  analysis  and  field  data  from  Ames,  Iowa,  for 
the  seasons  of  1925  and  1926  were  supplied  through  the  courtesy  of 
A.  T.  Erwdn,  of  the  Iowa  Agricultural  Experiment  Station,  and  tem- 
perature records  were  secured  from  the  official  reports. 

Material  for  this  study  was  likewise  supplied  through  the  courtesy 
of  A.  H.  Olin  from  field  records  and  temperature  readings  taken  in  the 
neighborhood  of  a  commercial  plant  at  Mount  Morris,  N.  Y.,  about  36 
miles  south  of  Rochester. 

THE  TEMPERATURE  BASE  LINE 

In  attempting  to  determine  the  temperature  requirements  of  a  crop 
it  is  necessary  first  of  all  to  estabhsh  the  proper  minimum-temperature 
base  line  from  wliich  temperature  values  may  be  calculated.  It  has 
been  the  custom  among  most  students  of  the  temperature  relations  of 
plants  to  use  40°  F.  (4.44°  C.)  as  the  base  line,  it  being  considered 
that  below  this  point  physiological  processes  are  practically  at  a 
standstill.  While  this  temperature  may  serve  fairly  satisfactorily  as 
a  base  line  in  the  general  study  of  plant  geography  as  afi'ected  by 
climate  (.9,  10),  it  seems  reasonable  to  question  whether  it  can  be 
used  properly  in  studying  the  temperature  relations  of  specific  crops, 
except  in  those  cases  where  40°  is  known  to  be  close  to  the  minimum 
temperature  for  the  crop  under  consideration.  Peas,  for  instance, 
may  usually  be  planted  as  early  in  the  spring  as  the  ground  can  be 
worked,  and  they  succeed  best  where  relatively  cool  tem])eratures 
prcv'ail  during  the  growing  season.  Corn,  on  the  other  hand,  can 
not  be  planted  profitably  until  the  ground  is  well  warmed  by  the  sun, 
and  it  succeeds  under  hot,  moist  conditions.  The  differences  in  the 
response  of  these  two  crops  to  environmental  conditions  seem  to  bo 
duo  primarily  to  (liflorcnces  in  the  level  and  range  of  effective  tem- 
peratures.    Obviously,  therefore,  the  base  line  to  be  used  in  the  study 
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of  temperatiu'e  relations  of  corn  should  not  be  the  same  as  that  used 
in  the  study  of  peas  or  other  crops  having  a  different  temperature 
miniminn. 

Lehenbauer  (5),  in  the  report  of  liis  studies  on  corn  seedlings  held 
at  constant  temperatm-es,  indicated  the  minimimi  temperature  of 
corn  to  be  near  12°  to  14°  C.  (53.6°  to  57.2°  F.).  More  recently 
Erwin  (5)  recorded  the  observation  that,  other  conditions  being 
favorable,  sweet-corn  seed  sprouts  promptly  when  the  soil  tempera- 
ture is  about  55°  F.  (12.78°  C.),  and  he  made  use  of  tliis  temperature 
as  the  base  line  for  effective-temperature  summations  in  his  work  on 
pumpkins. 

In  the  present  study  it  was  decided  to  work  from  different  tem- 
perature base  lines  in  order  to  see  what  summations  from  these  vari- 
ous levels  would  reveal.  The  method  followed  was  similar  to  that 
used  by  MacDougal  (Jf-^),  the  total  heat  exposures  above  the  various 
base  lines  being  calculated  not  from  the  daily  means  but  from  the 
hourly  temperature 
readings  and  simimat- 
ed  as  degree-hours. 
In  brief,  the  plan  here 
followed  consisted  in 
growing  the  corn  un- 
der widely  varying 
conditions  of  tempera- 
ture, which  was  made  ^ 
possible  by  planting  ^ 
at  intervals  through-  ^ 
out  the  season  in  the 
same  field  from  the 
same  lot  of  seed. 
The  temperatures 
above  various  base 
lines  were  then  sum- 
mated  as  degrees-Fah- 
renheit hours.  The 
base  lines  chosen  were 
40°,  45°,  50°,  55°,  and 
60°  F.  That  base  line  whose  smnmations  showed  the  smallest  stand- 
ard deviation  from  the  mean  was  considered  to  be  the  best  starting 
point  for  studies  on  the  response  of  the  corn  to  dift'erent  tempera- 
tures. The  Fahrenheit  scale  was  used  because  official  Weather  Bureau 
temperatures  are  presented  as  Fahrenheit  values  and  field  records 
are  usually  expressed  in  the  same  way. 

The  principle  here  involved  is  made  clear  by  the  following  hypo- 
thetical case.  It  is  assumed  that  a  series  of  plantings  was  made  at 
10-day  intervals  throughout  the  season,  beginning  on  April  15  of  a 
year  whose  daily  mean  temperature  corresponded  to  the  50-year 
average  for  Washington,  D.  C.  The  dates  of  the  various  plantings 
are  assumed  to  be  as  given  in  Table  1.  These  dates  of  canning  ma- 
turity for  the  various  plantings  in  the  present  case  were  determined 
by  assuming  that  50°  F.  was  the  proper  base  line  and  45,000  degree- 
hours  was  the  temperature  requirement  to  bring  the  corn  to  canning 
maturity.  The  results  are  presented  in  Table  1  and  illustrated  in 
Figure  1. 


(Sopoo     7o,ooo     eofloo     sopoo     4opoo    jopoo  sopoo     lopoo 

Figure  1. — Theoretical  air-temiierature  summations  in  degree-hours 
above  various  base  lines  for  Golden  Bantam  sweet  corn  planted 
at  intervals  of  10  days  at  the  Arlington  Experiment  Farm,  Rosslyn, 
Va.,  beginning  April  15  of  a  normal  year.  The  data  are  based 
on  the  normal  mean  temperatures  for  this  station,  and  a  sum- 
mation of  45.000  degree-hours  above  a  proper  temperature  base 
line  is  arbitrarily  assumed  to  be  a  true  summation  for  the  corn  used 
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Table  1. — Theoretical  air-temperalure  summations  for  Golden  Bantam  sweet  corn 
planted  at  assumed  intervals  of  10  days,  beginning  April  15  of  a  normal  year,  at 
the  Arlington  Experiment  Farm,  Rosslyn,  Va. 

[Based  on  data  of  the  normal  mean  temperature  for  this  station.    A  summation  of  45,000  degree-hours 
above  an  appropriate  base  line  is  arbitrarily  assumed  to  be  a  true  summation  for  the  corn  used] 


Date  of  plant- 

Date  of  canning 
maturity 

Degree-hours  above  base  line  of — 

mg 

35°  F. 

40°  F. 

45°  F. 

50°  F. 

55°  F. 

60°  F. 

65°  F. 

Apr.  15 

Apr.  25 

May  5 

July  26 

July  28 

July  31 

Aug.  4 

Aug.  10 

Aug.  17 

Aug.  25 : 

Sept.  5 

Sept.  18 

Oct.  5 

82, 104 
79, 368 
76,800 
74, 448 
73,  248 
72,  216 
71,232 
71, 976 
72, 288 
75, 192 

69,  744 
67, 968 
66, 240 
64, 608 
63,  888 
63,216 
62,  472 
63, 096 
63, 168 
6.5,112 

57,  384 
56,  568 
55, 680 
54,  768 
54,528 
54, 216 

53,  712 
54,216 

54,  048 

55,  032 

45,024 
45, 168 
45, 120 
44,928 
45, 168 
45, 216 
44,  962 
45, 336 
44,  928 
44,  952 

32,  784 

33,  768 

34,  560 
35, 088 
35, 808 
36,  216 
36, 082 
36, 456 
35, 808 
34, 872 

21,912 
22,  920 
24,000 

25,  248 

26,  448 

27,  216 
27,  202 
27,  576 
26,  788 
24,  792 

12, 936 
13,512 
14,376 
15,528 
17,088 
18, 216 
18, 322 
18, 696 
17  668 

May  15 

May  25 

June  4     .  . 

June  14 

June  24 

Julv4-_ __ 

July  14 

15,096 

Mean  .sumnuitin 
Standard  deviat 

n    -    .. 

74, 887 
3,  567 

64,  951 
2,  375 

55.015 
1,186 

45, 080 
141 

35,  144 
1,179 

25, 410 
1,  971 

16  144 

ion 

2  123 

It  will  bo  noted  that  the  summations  above  the  50°  F.  base  line  have 
a  standard  deviation  from  the  mean  of  only  141  degree-hom^,  which 
is  less  than  that  of  any  other  base  line.  An  examination  of  the 
cm-ves  in  Figure  1  shows  that  for  the  50°  base  line  the  curve  is  prac- 
tically a  straight  Une,  whereas  the  summations  for  base  lines  both 
above  and  below  50°  yield  curves  that  deviate  more  and  more  from 
a  straight  line  as  higher  or  low^er  base  lines  are  used. 

It  is  apparent  that  tliis  method  for  determining  the  proper  base 
line  is  reliable  where  temperature  alone  is  the  factor  involved.  In 
reality  the  response  that  sweet  corn  shows  to  varying  conditions  is 
not  quite  so  simple  as  this;  but  that  the  principle  is  sound  for  the 
study  of  actual  experimental  findings  will  be  evident  from  the  data 
to  be  presented. 

METEOROLOGICAL  DATA  FOR  1924  AND  1927 

In  order  to  facilitate  the  correlation  of  seasonal  factors  "wdth  the 
temperature  requirements  of  the  corn,  as  indicated  by  the  experi- 
mental results  about  to  be  considered,  certain  meteorological  data 
for  1924  and  1927  are  presented  in  Figures  2  and  3.  Figure  2  is 
based  on  the  records  5f  the  United  States  Weather  Bureau  at  Wash- 
ington for  the  growing  season  of  1924,  and  Figure  3  is  based  on  tem- 
peratm-e  and  rainfall  records  for  the  season  of  1927  made  in  the 
cornfield  at  the  Aldington  Ex])erimont  Farm.  Simshine  and  day- 
length  data  were  taken  from  the  oflicial  Weather  Bureau  report  for 
Washington  covering  the  same  period. 

The  season  of  1924  was  especially  favorable  for  observing  the  effect 
of  seasonal  conditions  on  the  beha^ior  of  sweet  corn,  as  ah'cady  re- 
corded {13).  During  the  latter  half  of  April  and  the  fii-st  part  of 
May  the  temperatures  were  about  normal  for  this  region.  The  re- 
mainder of  May  and  the  first  half  of  June,  however,  were  abnormally 
cool,  the  maximum  temperature  often  falling  below  the  normal  mean 
for  the  period.  From  the  middle  of  June  to  the  first  of  September 
the  temperature  did  not  vaiy  greatly  from  normal.  September  was 
abnormally  cool,  and  October  showed  the  usual  fluctuations.     The 
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rainfall  for  tliis  period  is  of  particular  interest.  May  was  abnormally 
wet.  The  rainfall  for  June  was  a  little  below  normal  but  was  fairly 
well  distributed.  July,  vnih  the  exception  of  one  abundant  rain  about 
the  8th  of  the  month,  was  practically  rainless,  and  the  drought  con- 
tinued well  into  August.  From  about  the  12th  of  this  month  to  the 
end  of  the  active  growing  season  the  rainfall  was  abundant  and  well 
distributed.  The  effect  of  these  conditions,  particularly  of  the  rain- 
fall, was  very  sharply  defined  in  the  vegetative  response  of  the  corn, 
as  was  set  forth  in  some  detail  in  the  paper  already  cited  (13),  and  its 
influence  on  the  temperature-summation  data  of  Stowell  Evergreen 
corn  will  be  seen.     (P.  16.) 

The  season  of  1927  was  an  excellent  ''corn  season."  Wliile  during 
the  latter  part  of  June  and  the  first  week  of  July  the  temperature  for 
the  most  part  was  somewhat  below  the  50-year  average  curve  for 
this  period,  and  the  same  was  true  for  most  of  August,  this  was  not 
sufficient  to  interfere  seriously  with  the  development  of  the  corn. 
With  respect  to  the  rainfall  the  totals  for  the  various  months  were 
somewhat  short  of  normal,  but  the  rain  was  well  distributed,  and  at 
no  time  dming  the  season  did  the  corn  suffer  for  lack  of  moisture. 

RESULTS  WITH  GOLDEN  BANTAM  IN  1924 

The  data  of  Table  2  show  the  temperature  summations  in  degree- 
hours  above  the  base  lines  40°,  45°,  50°,  55°,  and  60°  F.  for  10  plant- 
ings of  Golden  Bantam  sweet  corn  gro\vn  at  the  Arlington  Experiment 
Farm  dming  the  season  of  1924.  These  summations  are  based  on 
recorded  air  temperatures,  and  two  sets  of  data  are  given,  one  for 
the  period  from  planting  to  canning  maturity  and  the  other  from  date 
of  planting  to  the  mid-silldng  date.  The  former  period  is  given  fii'st 
consideration  because  it  is  believed  to  represent  more  accm^ate  data. 
The  tagging  of  ears  during  the  silldng  period,  necessary  for  their 
later  identification  when  sampling  is  done  for  chemical  analysis  and 
canning  experiments,  often  results  in  the  marldng  of  incipient  ears 
that  never  mature,  which  in  some  cases  are  sufficient  in  number  to 
affect  appreciably  the  determination  of  the  true  mean  silking  date  for 
a  particular  plot.  These  data  are  included  here,  however,  because 
they  show  differences  and  indicate  factors  operative  in  the  behavior 
of  corn  that  need  consideration  in  any  physiological  study  of  this 
crop. 

Considering  now  the  data  for  the  periods  from  planting  to  canning 
maturity,  it  is  to  be  noted  that  the  lengths  of  these  periods  varied 
from  73  days  for  the  seventh  planting  to  99  days  for  the  first,  and 
105  days  for  the  tenth  planting. 
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It  is  seen  in  the  40°  F.  column  (planting  to  canning  maturity)  that  the 
summations  from  the  first  to  the  seventh  plantings  gradually  decrease 
and  then  progressively  increase  for  the  later  plantings.  In  the  45° 
column  the  same  tendency  is  shown,  but  the  dift'erences  are  not  so 
marked,  whereas  in  the  50°  column  there  is  a  striking  agreement  in 
the  number  of  degree-hours  required  for  all  plantings.  Continuing 
to  the  55°  column,  it  is  seen  that  differences  again  appear  but  in  the 
reverse  order  from  those  in  the  40°  and  45°  columns,  whereas  in  the 
60°  column  the  differences  are  more  marked  than  in  the  55°  column. 
These  results  may  be  grasped  a  little  more  readily,  perhaps,  from 
curves  based  on  these  figures  as  presented  in  Figure  4. 

Figure  4  shows  that  although  the  planting  dates  ranged  from  April 
28  to  July  18,  and  the  corresponding  range  of  dates  when  the  corn 
came  to  canning  maturity  was  from  August  5  to  October  31,  all 
plantings  used  practically  the  same  amount  of  heat  above  50°  F.,  the 
average  for  the  10  plantings  being  44,244  degree-hours,  with  a  standard 
deviation  of  only  454  degree-hours  from  this  average.     It  would  ap- 

AIR  TEMPERATURES  (°F) 
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Figure  4. — Curves  of  air-temperature  summations  in  degree-hours  above  various  base  lines  for 
the  periods,  (A)  from  planting  to  mid-silking  and  (B)  from  planting  to  canning  maturity,  for  10 
plantings  of  Golden  Bantam  sweet  corn  grown  at  the  Arlington  Experiment  Farm  during  the 
season  of  1924 


pear  from  this  that  50°  air  temperature  for  the  Golden  Bantam  corn 
grown  at  the  Arhngton  Experiment  Farm  during  1924  was  the  proper 
minimum-temperature  base  hne  from  which  to  calculate  effective 
temperature  summations.  It  is  to  be  noted  that  these  practical 
findings  agree  in  strildng  manner  with  the  theoretical  data  presented 
in  Table  1  and  illustrated  in  Figure  1. 

Turning  now  to  the  data  and  curves  for  the  period  from  planting 
to  mid-silking,  two  features  deserve  notice;  one,  the  irregularity  of 
the  results,  and  the  other,  the  indication  that  a  different  minimum- 
temperature  base  line  should  be  used  in  the  summations  for  this 
period.  That  irregularities  may  be  expected  in  data  for  tliis  period 
has  already  been  mentioned.  It  seems  evident  that,  as  will  be  shown 
later,  drought  may  have  influenced  these  results,  for  moisture  condi- 
tions for  some  of  these  plantings  were  very  severe.  The  point  worthy 
of  particular  note  is  the  fact  that  45°  F.  instead  of  50°  seems  to  be  the 
proper  base  line  to  be  applied  in  summations  for  these  periods.  The 
average  summation  of  temperature  above  the  base  line  of  45°  is 
40,248  degree-hours,  with  a  standard  deviation  of  1,149  degree-hours. 

108322°— 32 2 
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It  would  appear  that  the  response  of  the  corn  to  environmental 
temperature  conditions  for  the  period  from  mid-silking  to  canning 
maturity  differed  from  that  for  the  period  from  planting  to  mid- 
silldng.  How  much  of  this  difference  is  due  to  error  of  the  method 
can  not  be  stated,  but  that  this  is  not  an  isolated  case  will  be  indicated 
by  the  figures  for  another  year  as  well  as  for  another  variety  of  corn. 

RESULTS  WITH  GOLDEN  BANTAM  IN  1927 

AIR-TEMPERATURE  SUMMATIONS 

Before  presenting  the  data  on  Golden  Bantam  for  1927  it  should  be 
explained  that  during  the  season  some  of  the  plantings  of  this  variety 
particularly  suffered  very  heavily  in  the  field  from  injury  to  the  ears 
by  blackbirds  and  ear  worms.  This  injury  interfered  not  only  with 
the  collection  of  adequate  samples  in  those  cases  but  also  with  the 
accurate  determination  of  the  dates  when  the  plots  as  entities  came 
to  canning  maturity.  The  data  for  the  period  from  planting  to 
canning  maturity  may  therefore  be  subject  to  some  error,  and  the 

AIR  TEMPERATURES  CF) 
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Figure  5. — Curves  of  air-teniperature  summations  in  degree-hours  above  various  base  lines  for  U 
plantings  of  Golden  Uantam  sweet  corn  grown  at  the  Arlington  Experiment  Farm  during  1927, 
(A)  for  the  period  from  planting  to  raid-silking  and  (R)  for  8  plantings  of  the  same  series  for 
the  period  from  planting  to  canning  maturity.  The  last  three  plantings  of  this  series  did  not 
reach  canning  maturity 

reader  is  cautioned  against  placing  too  much  reliance  on  this  part  of 
the  data.  On  the  other  hand,  records  for  the  period  from  planting 
to  mid-silking  are  as  accurate  as  it  was  possible  to  make  them.  The 
d^ta  arc  'presented  in  Table  3  and  Figure  5. 

Considering  first  the  figures  for  the  period  from  planting  to  canning 
maturity,  it  is  noted  that  the  planting  dates  ranged  from  May  2  to  July 
11  and  that  the  length  of  time  from  planting  to  cannijig  maturity 
varied  from  a  known  period  of  108  days  in  the  first  t-o  a  close  estimate 
of  88  days  in  the  fifth,  sixth,  and  seventh  -plantings.  Here  similar 
tendencies  with  respect  to  variation  in  the  summations  are  shown, 
as  in  the  data  for  1924,  with  the  difference  that  60°  F.  instead  ,oi 
50°  is  indicated  as  the  proper  miTiimum-temperature  base  line  for 
the  period  from  planting  to  canning  maturity.  The  average  degree- 
hour  summation  above  00°  for  the  first  eight  plantings  is  27,413,  with 
a  standard  deviation  of  only  437  degree-hours. 
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In  comparing  the  figures  and  curves  for  the  period  from  planting  to 
mid-silking  with  the  theoretical  data  of  Table  1  and  Figure  1,  it  is 
noted  that,  taken  in  their  entirety,  the  responses  of  the  various  plant- 
ings to  temperature  conditions  did  not  conform  to  the  theoretical, 
in  that  while  the  first  eight  plantings  behaved  ''normallj'^"  the  results 
of  the  last  three  plantings  were  out  of  line  with  expectations.  For 
tliis  reason  it  was  thought  best  to  analyze  the  data  on  two  bases, 
one  includmg  the  first  eight  plantings  and  the  other  including  the 
entire  group.  The  explanation  of  the  "abnormal"  trends  in  the 
curves  for  the  last  three  plantings  will  be  discussed  later. 

If  the  data  of  the  first  eight  plantings  are  studied  it  will  be  found 
that,  as  in  1924,  the  greatest  uniformity  in  the  summations  fell  in 
the  column  5°  lower  than  that  for  the  period  from  planting  to  caaning 
maturity,  that  is,  in  the  55°  F.  column.  The  average  summation 
for  the  first  eight  plantings  here  was  29,143  degree-hours,  with  a 
standard  deviation  of  only  266  degree-hours. 

Comparing  these  results  with  those  for  the  season  of  1924,  it  is 
apparent  that  this  corn  growTi  at  the  Arlington  farm  during  1927 
developed  within  a  different  temperature  range  from  that  growTi  in 
1924,  since  the  base  line  in  1927  was  10  degrees  higher  than  that  in 
1924.  The  reason  for  this  difference  can  not  be  assigned  with 
certainty.  The  seed  in  both  cases  was  purchased  from  the  same  mid- 
western  seedsman  and  to  all  appearances  was  of  excellent  quality 
with  respect  not  only  to  uniformity  in  size,  color,  and  weight  of  the 
seed  itself  but  also  to  the  vigor  and  unformity  of  the  plants  derived 
therefrom.  To  what  extent  seasonal  factors  may  have  affected  the 
results  for  the  two  years  can  not  be  stated  definitely;  but  since  Stowell 
Evergreen  grown  in  the  same  fields  under  identical  conditions  did  not 
show  this  difference  in  behavior  it  is  probable  that  the  explanation  is 
to  be  sought  in  some  other  factor.  It  is  believed,  from  the  results 
obtained  from  various  strains  of  Golden  Bantam,  which  will  be  pre- 
sented later,  that  this  difference  in  behavior  in  the  two  years  was  due 
to  strain  differences  in  the  seed. 

One  feature  of  the  results  for  the  period  from  planting  to  mid- 
silking  is  worthy  of  special  note,  namely,  the  progressive  lessening  of 
the  summations  in  all  temperature  columns  for  the  last  three  plantings, 
as  seen  in  the  second  set  of  figures  of  Table  3  and  the  curves  of  Figure 
5.  Similar  results  w^ere  obtained  with  Stowell  Evergreen,  as  will  be 
shown  presently.  It  will  be  noted  that  the  ninth,  tenth,  and  eleventh 
plots  of  corn  were  planted  on  June  27,  Jul}^  5,  and  July  11,  respectively, 
a  season  when  soil  temperatures  were  approaching  the  highest  level 
of  the  season.  The  effect  of  the  increase  of  soil  temperatures  would 
be  to  speed  up  the  germination  of  the  seed  and  thus  cut  down  pro- 
gressively the  length  of  the  growing  period.  It  is  possible  that 
length  of  day  and  perhaps  other  factors  also  contributed  to  this  re- 
sult. If  the  data  of  the  series  from  planting  to  mid-silking  are 
considered  as  a  w^hole,  it  is  seen  that  the  standard  deviation  is 
smallest  for  the  60°  F.  base  line  instead  of  for  the  55°  base  line,  as  is 
the  case  when  the  first  eiglit  ])lantings  only  are  considered.  This  re- 
sult, as  will  be  seen  from  the  curves  of  Figure  3,  is  due  to  the  "ab- 
normal" trends  in  the  curves  for  the  last  tlu'ee  plantings. 
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SOIL-TEMPERATURE  SUMMATIONS 

In  the  region  where  this  work  was  done,  mean  soil  temperatures 
in  the  early  spring  lag  considerably  behind  the  mean  air  temperatures. 
As  the  season  advances  the  curve  of  the  soil  temperatures  gradually 
approaches  that  of  the  air  temperatures,  until  in  Jidy  it  reaches  and 
crosses  it.  For  a  considerable  period  thereafter  the  mean  soil  tem- 
peratures remain  above  those  of  the  air. 

In  planning  the  work  for  1927  it  was  thought  that  summations 
based  on  soU-temperature  data  might  be  of  value  in  the  present  study, 
as  much  of  the  activity  of  the  corn  plant  is  carried  on  imdergroimd, 
particularly  during  the  early  growing  period.  Soil  temperatures 
throughout  the  entire  season  were  therefore  recorded,  and  the  sum- 
mations for  Golden  Bantam  corn  based  on  these  records  are  presented 
in  Table  4  and  illustrated  in  Figure  6. 

Two  observations  are  to  be  made  from  these  data  when  compared 
with  those  for  air  temperature — (1)  that  the  minimum-temperature 


SOIL  TEMPERATURES  (°F) 
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Figure  6.— Curves  of  soil-temperature  summations  in  degree-hours  above  various  base  lines  for  11 
plantings  of  Golden  Bantam  sweet  corn  grown  at  the  Arlington  Experiment  Farm  during  1927, 
(A)  for  the  period  from  planting  to  mid-silking  and  (B)  for  8  plantings  of  the  same  series  for  the 
period  from  planting  to  canning  maturity.  The  last  three  plantings  of  this  series  did  not  reach 
canning  matuiity 

base  line  is  lower  than  in  the  air-temperature  data;  and  (2)  that  the 
data  of  both  periods,  that  is,  from  planting  to  canning  maturity  and 
from  planting  to  mid-silking,  indicate  the  same  base-Hne  tempera- 
ture, 50°  F.  The  average  summation  above  this  temperature  for 
the  period  from  planting  to  canning  maturity  is  47,532  degree-hours, 
with  a  standard  deviation  of  406  degree-hours.  For  the  period  from 
planting  to  mid-silking  the  average  summation  for  the  first  eight 
plantings  is  36,381  degree-hours,  with  a  standard  deviation  of  454 
degree-hours. 

The  difference  in  air  and  soil  temperatures  during  the  growing 
season  explains,  in  part  at  least,  the  differences  in  indicated  base  lines 
as  determined  from  the  air-temperature  and  soil-temperature  data. 
It  is  plain  that,  since  in  the  early  part  of  the  season  the  response  of 
the  corn  is  influenced  by  soil  temperatures  more  than  by  air  tempera- 
tures, the  air-temperature  base  lines  as  here  determined  do  not  repre- 
sent the  true  physiological  minimum  temperature  for  corn,  wliich 
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must  be  below  that  giAen,  and  would  be  below  the  ah'- temperature 
base  Hne  in  any  region  or  season  where  the  soil-temperature  gradient 
is  normally  below  that  of  the  air.  Since  the  corn  plant  carries  on 
physiological  activities  both  in  the  soil  and  in  the  air,  and  since  the 
soil  and  air  temperature  gradients  vary  continuously  with  respect  to 
each  other,  it  is  impossible  at  the  present  stage  of  knowledge  to  eval- 
uate these  data  in  such  a  way  as  to  give  a  true  and  accurate  value  for 
the  actual  physiological  minimum  temperature.  It  is  apparent,  how- 
ever, that  this  value  would  he  within  the  Umits  given  in  the  soil  and 
air-temperature  data  unless  there  were  other  interfering  factors. 

In  the  summations  based  on  soil  temperatures,  as  pointed  out  in 
the  discussion  of  those  based  on  air  temperatures,  there  is  observed  a 
progressive  lessening  of  the  summations  of  the  last  three  plantings. 

RESULTS  WITH  STOWELL  EVERGREEN  IN  1924 

The  differences  in  the  seasonal  conditions  for  1924  and  1927  are 
reflected  in  the  summation  data  for  Stowell  Evergreen.  Table  5 
and  Figure  7  present  the  results  obtained  for  1924. 

SB-  SO' 


GQPOO  SQ.OOO        aopOO         SCpOO         ^O^OOO 


SQOOO  70p00  CO.OOO         SO.OOO  4ChSOO         -30,000 


sc/yv/^^r/OA's  /A'  /D£:c?ye£:£:-/7'Oi/jes 

Figure  7. — Curves  of  air-temperature  summations  in  degree-hours  above  various  base  lines  for 
eight  plantings  of  Stowell  Evergreen  sweet  corn  grown  at  the  Arlington  Experiment  Farm  during 
1924,  (A)  for  the  period  from  planting  to  mid-silking  and  (B)  from  planting  to  canning  maturity 

It  is  noted  at  once  that  the  figures  and  the  curves  based  upon  them 
show  strildng  irregularity,  the  first  four  plantings  exliibiting  the  usual 
gradations,  while  the  remaining  four  differ  considerably  in  the  degree- 
hours  of  temperature  maldng  up  the  totals  for  these  plantings.  The 
greatest  uniformity  is  found  in  the  figures  of  the  60°  F.  column  for 
the  period  from  planting  to  canning  maturity,  the  average  summation 
for  the  eight  plantings  being  30,131  degree-hours,  with  a  standard 
deviation  of  1,064  degree-hours.  The  aberrant  results  obtained  for 
the  last  four  plantings  find  their  explanation  in  the  effect  of  drought 
conditions  on  the  corn.  Field  records  show  that  the  corn  of  the  fifth 
planting  came  to  silking  during  the  most  trying  part  of  the  summer, 
these  plants  requiring  three  weeks  to  complete  approximately  the 
silldng  process,  whereas  earlier  plots  of  corn  derived  from  the  same 
lot  of  seed  reqmred  but  two  weeks  to  accompHsh  the  same  result. 
The  sixth  and  seventh  plantings  required  18  and  17  days,  respectively. 
The  strildng  effects  of  the  drought  on  the  vegetative  activities  of  the 
corn,  such  as  stunting  of  growth,  decreasing  the  yield,  etc.,  were 
particularly  noticeable  in  the  plantings  of  Stowell  Evergreen.  Atten- 
tion was  drawn  to  this  in  the  report  previously  mentioned  {13,  -p. 
1048-1049). 
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The  figures  and  curves  for  the  pLanting  to  mid-silking  period  show 
similar  irregularities.  The  minimum-temperature  base  hne  is  not  so 
readily  determined  as  in  other  series,  but  it  is  apparent  that  it  lies 
close  to  50°  F.,  the  average  summation  for  this  column  being  39,418 
degree-hours,  with  a  standard  deviation  of  1,186  degree-hours.  Here 
again  is  illustrated  the  lower  effective  temperature  range  of  the  corn 
for  the  planting  to  mid-silking  period  as  observed  in  the  case  of  the 
Golden  Bantam  variety. 

RESULTS  WITH  STOWELL  EVERGREEN  IN  1927 

AIR-TEMPERATURE  SUMMATIONS 

In  Table  6  are  given  the  air-temperature  summations  above  various 
base  lines  for  Stowell  Evergreen  grown  at  the  Arlington  Experiment 
Farm  during  1927,  Two  sets  of  data  are  again  given,  one  for  the 
period  from  planting  to  canning  maturity  and  the  other  for  the  period 


•iopoo         eopoc 


Figure  8. — Curves  of  air-temperature  summations  in  degree-hours  above  various  base  lines  for  13 
plantings  of  Stowell  Evergreen  sweet  corn  gi-own  at  the  Arlington  Experiment  Farm  during  1927, 
(A)  for  the  period  from  planting  to  mid-silking  and  (B)  for  nine  plantings  of  the  same  series  for  the 
period  from  planting  to  canning  maturity.  The  last  four  plantmgs  of  this  series  did  not  reach 
canning  maturity 


from  planting  to  mid-silking,  as  in  earher  tables, 
these  results  are  shown  in  Figure  8. 


Curves  based  on 


Considering  the  first  set,  the  summations  in  the  columns  for  the 


40°,  45°,  50°,  and  55°  F.  base-line  temperatures,  the  trends  from 
higher  to  lower  summations  wdth  successive  plantings  are  again 
observed,  whereas  in  the  60°  column  the  summations  are  strildngly 
uniform  for  all  plantings.  The  average  summation  for  the  nine 
plantings  is  29,924  degree-hours,  with  a  standard  deviation  of  only 
250  degree-hours  from  this  average.  It  would  appear  from  tliis  that 
60°  air  temperature  should  be  considered  the  minimum-temperature 
base  line  for  these  plantings.  This  is  in  agreement  with  the  findings 
of  1924  for  this  variety. 

108322°— 32 3 
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In  the  figures  for  the  planting  to  niid-silking  period,  irregularities 
are  noted.  With  the  exception  of  the  figures  for  the  first  planting, 
wliich  clearly  reflect  the  abnormally  liigh  temperatures  prevailing  at 
and  for  some  time  after  the  date  of  planting  of  tliis  plot  (fig.  8),  the 
summations  for  the  first  nine  plantings  are  fairly  uniform  in  the  60°  F. 
colunm,  the  average  for  these  plantings  being  22,682  degree-hours, 
with  a  standard  deviation  of  692  degree-hours.  However,  there  are 
only  sHghtly  greater  irregularities  in  the  55°  colunm,  the  average  for 
the  first  nine  plantings  being  31,070  degree-hours,  with  a  standard 
deviation  of  916  degree-hours. 

It  is  to  be  noted  that  the  irregularity  showing  in  the  figures  for  the 
first  planting  does  not  appear  in  the  summation  for  the  period  from 
planting  to  canning  maturity,  tliis  lower  summation  than  the  average 
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Figure  9. — Curves  of  soil-temperature  summations  in  degree-hours  above  various  base  lines  for  13 
plantings  of  Stowell  Evergreen  sweet  corn  grown  at  the  Arlington  Experiment  Farm  during 
1927,  (A)  for  the  period  from  planting  to  mid-silking  and  (B)  for  nine  plantings  of  the  same  series 
for  the  period  from  planting  to  canning  maturity.  The  last  four  plantings  of  this  series  did  not 
reach  canning  maturity 

of  the  eight  plantings  bemg  offset  by  the  greater  temperature  require- 
ment from  mid-silking  to  canning  maturity. 

Beyond  the  eighth  planting  is  again  observed  the  gradual  lessening 
in  the  total  amount  of  heat  required  by  the  corn,  wliich  was  noted  in 
the  corresponding  results  with  Golden  Bantam  already  shown. 

The  indicated  minimum-temperature  base  line  here  is  60°  F. 
instead  of  55°  as  in  the  case  of  the  1924  Stowell  Evergreen,  the 
proper  base  line  for  both  the  planting  to  canning  maturity  and  the 
planting  to  mid-silldng  periods  being  apparently  the  same.  Whether 
this  indicates  strain  difterences  in  seed  may  be  questioned.  The 
results  obtained  from  summations  based  on  soil  temperatures  seem 
to  indicate  no  dift'erence.  The  results  for  both  periods  here  indicate 
a  base  line  of  55°,  wliich  corresponds  exactly  Avith  the  results  obtained 
with  Stowell  Evergreen  in  1924. 


SOIL-TEMPERATURE  SUMMATIONS 


Soil-temperature   summations    above   the   various   base   lines   for 
Stowell  Evergreen  in  1927  are  presented  in  Table  7  and  Figure  9. 
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Considering;  the  data  for  the  period  from  planting  to  canning  ma- 
turity, it  is  noted  that  the  curves  of  the  soil-temperatiire  summations 
do  not  difl'er  materially  from  those  of  the  air  temperatm-es.  The 
appropriate  base  line  indicated  here  is  55°  F.,  5  degrees  below  that  of 
the  indicated  air-temperature  base  line — such  a  difference  as  has  been 
noted  in  previously  considered  data.  The  average  summation  for  the 
nine  plantings  in  the  55°  column  is  40,063  degree-hours,  with  a  stand- 
ard deviation  of  only  238  degree-hoiu-s. 

In  the  case  of  the  data  for  the  period  from  planting  to  mid-silking 
for  the  first  nine  plantings,  the  smallest  standard  deviation  is  found  in 
the  50°  F.  column,  where  the  mean  summation  is  seen  to  be  38,525 
degree-hours,  with  a  standard  deviation  of  858  degree-hours.  This  is 
a  lower  base  line  than  would  be  expected,  considering  the  data  that 
have  already  been  presented,  and  the  standard  deviation  is  likewise 
unduly  great.  Inspection  of  the  curves  of  Figure  9,  however,  reveals 
the  explanation  for  this  and  indicates  that  in  this  case,  as  in  the  curves 
for  the  period  from  planting  to  canning  maturity,  55°  is  the  indicated 
base  line,  the  aberrant  results  in  the  case  of  the  first  plantmg  of  the 
series  being  responsible  for  the  higher  standard  deviation  in  the  55° 
column  than  in  the  50°  column.  The  reason  for  this  abnormally  low 
summation  for  the  first  planting  has  already  been  discussed.  The 
mean  summation  for  the  55°  column  is  29,602  degree-hours  and  the 
calculated  standard  deviation  1,056  degree-hours. 

DISCUSSION   OF  RESULTS  WITH    GOLDEN   BANTAM    AND    STOWELL 

EVERGREEN  IN   1924  AND   1927 

On  the  basis  of  the  experimental  findings  set  forth,  what  may  be 
concluded  as  to  the  minimum-temperature  base  line  for  sweet  corn? 
It  must  be  recognized,  of  course,  that  temperature  is  but  one  of  the 
factors  influencing  the  behavior  of  corn  in  the  field,  and  before  an 
absolute  evaluation  can  be  made  of  the  influence  of  one  factor  the  others 
must  be  taken  into  consideration.  The  amount  and  distribution  of 
the  rainfall  has  a  tremendous  influence  on  crop  activities,  as  every 
farmer  and  investigator  knows.  The  amount  of  simshine  that  the 
com  receives  has  an  effect  on  photosynthesis  in  the  plant,  and  the 
factor  of  variable  day  length  must  be  considered  in  this  connection 
also.  That  varieties  difl'er  in  their  time  requirements  for  growth  and 
maturity  is  well  known.  Obviously,  therefore,  the  temperature  needs 
of  all  can  not  be  the  same,  and  it  is  clear  that  absolutely  uniform 
results  are  not  to  be  expected  from  any  set  of  experiments  where  these 
variable  factors  are  not  under  complete  control. 

In  the  experiments  here  recorded  practical  field  conditions  prevailed. 
The  different  plots  of  corn  for  both  seasons  were  grown,  however,  in 
different  portions  of  the  same  field  with  no  essential  difference  in  cul- 
tural practices  except  that  the  Golden  Bantam  was  thinned  to  a  dis- 
tance of  8  to  10  inches  in  the  row,  and  the  Stowell  Evergreen  plants 
were  spaced  12  to  14  inches.  The  seed  for  both  seasons  was  obtained 
from  the  same  seedsman  but,  in  all  probability,  was  from  different 
seasons'  plants  for  the  different  years,  as  was  indicated  by  the  differ- 
ence in  the  vegetative  character  of  the  plants  for  the  two  years.  The 
periods  covered  were  essentially  the  same  for  both  seasons,  so  that 
the  day-length  factor  was  practically  constant  for  one  series  of  plant- 
ings as  compared  with  the  other  series.  Within  each  series  the  day- 
length  factor,  of  course,  was  variable.     No  measure  of  the  light  inten- 
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sity  as  influencing  photosjTithetic  activity  was  available  except  the 
inadequate  record  of  the  hours  of  sunshine  and  cloudiness,  which  at 
present  can  not  be  evaluated  accurately  for  this  purpose. 

If  a  series  of  plots  of  corn  planted  at  intervals  of  a  week  or  10  days 
could  be  grow^n  with  all  conditions  uniform  except  those  of  tempera- 
ture and  time,  in  view  of  the  results  reported  by  Livingston  and 
Livingston  (10),  and  as  clearly  illustrated  by  the  h^^pothetical  case 
earlier  considered,  it  would  be  expected  that  temperature  smnmations 
above  a  proper  minimum  base  line  would  be  uniform  for  all  plots,  and 
that  summations  of  temperature  above  or  below  this  proper  base  line 
would  be  lacking  in  uniformity,  for  the  reason  that  if  too  low  a  base 
line  were  chosen  the  simimations  would  include  an  excess  of  tempera- 
ture above  that  required  by  the  corn,  whereas  if  the  base  line  chosen 
were  too  high  the  summations  would  not  be  a  sufficient  measure  of 
the  temperature  needs  of  the  crop.  It  is  believed,  therefore,  that  the 
striking  uniformity  in  the  summations  of  temperatm'e  above  certain 
base  lines  found  in  the  present  study  indicates  rather  conclusively  the 
proper  base  lines  for  these  different  corns. 

On  these  grounds  it  seems  reasonable  to  assilme  that  for  the  Golden 
Bantam  variety  grown  at  the  Arlington  Experiment  Farm  during 
1924  the  minimum  air-temperature  base  line  was  50°  F.  for  the  period 
from  planting  to  canning  maturity,  considered  as  a  whole,  v.ith  a 
shghtly  lower  minimum  for  growth  up  to  the  flowering  stage  and  a 
sUghtly  higher  minimimi  for  the  storage  of  the  starch  and  other 
carbohydrates  in  the  grain  until  canning  maturity  at  least  was  reached. 
The  1927  Golden  Bantam  responded  to  environmental  conditions  in  a 
similar  manner,  but  its  minimum  air  temperature  for  the  period  from 
planting  to  canning  maturity  for  some  reason  was  10  degrees  higher. 
The  minimum  soil  temperature  for  this  corn  w^as  50°,  and  the  base  line 
was  ttie  same  for  the  two  periods  considered. 

The  minimum  air-temperature  base  line  for  Stowell  Evergreen  for 
both  1924  and  1927  was  60°  F.,  with  the  same  sort  of  variation  with  the 
age  of  the  corn  as  shown  by  the  Golden  Bantam.  The  minimum  soil 
temperature  for  the  1927  Stowell  Evergreen  was  55°. 

The  minimum-temperature  base  line  for  sweet  corn,  therefore,  has 
been  found  to  differ,  not  only  with  different  varieties  but  also  with 
different  strains  of  the  same  variety,  and  the  amount  of  heat  re- 
fjuired  to  bring  the  corn  to  canning  maturity  has  ])een  foimd  to  differ 
likewise  with  variety  and  strain.  The  effectiveness  of  the  tempera- 
ture in  bringing  the  corn  to  canning  maturity  has  also  been  found  to 
be  influenced  by  drought,  by  soil  temperature  at  planting  time,  and 
probably  also  by  day  length,  light  intensity,  and  possibly  other 
factors. 

It  seems  reasonable  to  conclude  also  that  since  certain  varieties 
and  strains  of  sweet  corn  have  lower  minimum  temperature  require- 
ments than  other  varieties  and  strains,  such  low  minimum  temperature 
corns  might  be  planted  earlier  in  the  season  than  those  having  a  higher 
minimum,  and  thus  be  better  suited  for  cultivation  in  regions  having 
short  growing  seasons. 

TEMPERATURE  SUMMATIONS  FOR  DIFFERENT  VARIETIES 

It  may  be  of  interest  to  consider  the  temperature  requirements  of 
corns  grown  at  tlie  Arlington  fyrni  and  at  other  places  during  these 
and  otiier  seasons.     In  Table  S  are  sliown  the  summations  lor  dif- 
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ferent  varieties  of  sweet  corn  groA\Ti  at  the  Arlington  farm  during 
1922,  1925,  and  1926. 

Table  8. — Air-temperature  summations  for  different  varieties  of  sweet  corn  grown 
at  the  Arlington  Experiment  Farm,  1922,  1925,  and  1926 

[Based  on  data  for  the  period  from  planting  to  canning  maturity] 


Year  and  variety 


1922 

Golden  Bantam 

Howling  Mob 

Dreer  Golden  Giant 

Charlevoix 

Morse  Golden  Cream 

Kelly  Hybrid 

Hickox  Improved 

Potter  Excelsior 

Vaughn  Bantam  Evergreen 

Mammoth  Sugar 

Old  Colony.... 

Narrow-Grained  Evergreen 

Country  Gentleman 

Stowell  Evergreen 

1925 

Golden  Bantam  (Stokes) 

Stowell  Evergreen  (Stokes) 

Guatemalan  (U.  S.  D.  A.) 

Second  Early  Adams  (dent;  Bolgiano) 

1926 

Golden  Bantam  (Stokes) 

Stowell  Evergreen  (Iowa) 

Stowell  Evergreen  (Arlington  Experiment  Farm) 
Country  Gentleman  (Iowa) 


Degree-hours  above  base  line  of— 


40°  F. 

45°  F. 

50°  F. 

55°  F. 

60°  F. 

58, 923 

50, 187 

41,452 

32,  746 

24,179 

62, 067 

52, 861 

43,  646 

34,  460 

25, 413 

60, 853 

51, 997 

43, 152 

34,  321 

25, 596 

67, 818 

57,  772 

47,  717 

37,  691 

27, 804 

63, 950 

54, 624 

45,289 

35, 978 

26, 773 

65, 821 

56, 135 

46,440 

36, 769 

27.209 

63,905 

54, 579 

45,  244 

35, 933 

26,728 

67,  261 

57, 455 

47, 640 

37, 849 

28,169 

09,  321 

59, 155 

48,  980 

38,829 

28,789 

69,044 

58, 878 

48, 703 

38,  552 

28,512 

71, 934 

61, 408 

50, 873 

40,  362 

29, 962 

72, 170 

61, 524 

50, 869 

40,244 

29,790 

68, 912 

58,  746 

48,  571 

38,  420 

28,380 

74, 819 

63, 823 

52,808 

41,818 

30,973 

63,  637 

54,  397 

45, 157 

35,931 

26, 861 

76, 101 

65, 061 

54, 021 

42,997 

32,  219 

91,292 

77, 749 

C4,  274 

51, 149 

38, 399 

65, 958 

56,  478 

46, 998 

37, 632 

28,222 

64,  308 

54, 950 

45, 558 

36, 177 

27,488 

79, 425 

67,547 

55, 635 

43, 734 

32, 523 

81, 337 

69,  219 

57, 067 

44,926 

33, 475 

74,646 

63,  608 

52,  536 

41,  475 

31, 106 

Since  the  minimum-temperature  base  Hnes  for  all  these  varieties 
are  not  known,  the  full  significance  of  these  summations  can  not  be 
completely  determined,  but  some  interesting  comparisons  are  pos- 
sible. It  is  noted  that  in  the  case  of  Stokes  strain  of  Golden  Bantam 
grown  during  the  seasons  of  1925  and  1926  the  summations  above 
55°  F.  differ  for  the  two  years  by  only  246  degree-hours,  the  average 
summation  being  36,054  degree-hours.  This  suggests  55°  as  the 
probable  minimum  air-temperature  base  line  for  this  strain,  as  both 
above  and  below  this  base  line  the  summations  differ  much  more 
widely. 

The  same  variety,  but  from  a  different  source,  grown  during  1922 
at  none  of  the  base  lines  used  in  these  tests,  shows  a  summation 
approaching  that  of  the  corn  just  mentioned,  and  obviously  indicates 
a  distinct  strain  difference  in  seed.  It  is  of  interest  to  note  that  this 
corn  required  less  temperature  to  reach  canning  maturity  than  any 
other  variety  or  strain  of  the  same  variety  grown  during  the  period 
of  1922  to  1927,  with  the  single  exception  of  the  1924  Golden  Bantam 
above  the  base  line  of  60°  F. 

In  Table  8  are  sho^vll  summations  also  for  four  different  plantings 
of  Stowell  Evergreen.  Considerable  variation  is  seen  in  the  summa- 
tions above  the  60°  F.  base  line,  with  a  range  of  2,502  degree-hours 
between  the  strain  grov/n  in  1922  and  the  .A.rlington  Experiment  Farm 
strain  growTi  in  1926.  It  is  of  interest  that  the  Stokes  strain  of  1925 
and  the  Iowa  strain  of  1926  vary  by  only  304  degree-hours  in  their 
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temperature  requii'ements  above  the  60°  base  line,  the  average  summa- 
tion for  these  two  plantings  being  32,371  degree-hours.  This  suggests 
the  possibility  that  the  seeds  of  these  two  plantings  were  derived  from 
plants  of  the  same  strain. 

Some  idea  of  the  relative  temperature  needs  of  other  varieties  of 
sweet  corn  may  be  obtained  from  a  comparison  of  their  summations 
for  the  year  1922  with  those  of  the  Golden  Bantam  and  Stowell 
Evergreen.  They  were  grown  in  the  same  field  under  as  nearly  iden- 
tical environmental  conditions  as  were  practicable. 

Witliin  the  1925  group  attention  is  called  particularly  to  the  very 
great  summations  of  prevailing  temperature  in  the  case  of  the  Guate- 
malan com,  wliich  were  far  in  excess  of  those  of  any  variety  of  sweet 
com  studied  by  the  writers. 

The  summations  for  the  two  plantings  of  Country  Gentleman  for 
the  period  from  planting  to  canning  maturity  were  much  greater  for 
the  1926  corn  than  for  the  corn  growTi  in  1922. 

The  response  of  different  strains  to  temperature  conditions  above 
various  base  Unes  in  1927  is  showTi  clearly  in  the  summations  of  Table  9. 

Table  9. — Air-temperature  summations  for  different  pedigreed  strains  of  Country 
Gentleman  and  Golden  Bantam  sweet  corn  grown  at  the  Arlington  Experiment 
Farm,  1927 

[Based  on  data  for  the  period  from  planting  to  canning  maturity] 


Variety  and  strain 

Degree-hours  above  base  line  of— 

40°  F. 

45°  F. 

50°  F. 

.55°  F. 

60°  F. 

Country  Gentleman: 

No.  1  

74,019 
72, 769 
74,605 

68,491 
68, 491 
70, 893 

62,  544 
61,010 
63, 010 

58, 170 
58, 170 
60, 212 

51,181 

50,  494 

51,  552 

47, 851 
47,851 
49,  533 

39, 999 
39,507 
40, 255 

37,  582 
37,  ,582 
38,904 

29.356 

No.  2 

29. 025 

No.  3        

29,539 

Golden  Bantam: 

No.  1 

27,718 

No.  2. 

27. 718 

No.  3    

28,681 

These  data  were  obtained  from  plants  of  pedigreed  strains  of  the 
Country  Gentleman  and  Golden  Bantam  varieties,  the  seed  of 
which  were  kindly  supplied  by  G.  N.  HofFer  of  the  Indiana  Agricultural 
Expermient  Station.  These  corns  were  grown  side  by  side  in  the 
same  field,  and  environmental  conditions  were  identical  for  all.  The 
three  strains  of  Country  Gentleman  vary  within  a  range  of  about 
500  degree-hours  above  the  60°  F.  base  line  and  take  an  intermediate 
position  between  those  considered  in  Table  7.  This  variation  is  not 
great  but  nevertheless  is  well  defined.  More  striking  are  the  figures 
for  the  three  strains  of  Golden  Bantam,  for  No.  1  and  No.  2  showed 
exactly  the  same  temperature  requirements,  whereas  No.  3  required 
considerably  more  heat  to  bring  it  to  canning  matmity  than  its 
associates  in  the  test. 


DATA  FROM  CORN  GROWN  IN  IOWA 

Temperature  summations  have  been  made  for  different  varieties 
of  sweet  corn  grown  at  the  Iowa  Agricultural  Experiment  Station, 
Ames,  Iowa,  during  1925  and  1926.  The  field  data  for  these  corns 
and  saiu})les  for  chcrnical  analysis  were  supplied  through  the  courtesy 
of  A.  T.  Erwin  of  tbat  station.     The  planting,  mid-silking,  and  sam- 
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pling  dates  were  derived  from  the  field  records,  and  canning  maturity 
was  determined  from  the  residts  of  chemical  analysis  of  the  samples 
prepared  from  the  corn  at  different  stages  of  maturity.  The  tem- 
perature data  are  based  on  the  official  Weather  Bureau  reports  for 
Des  Moines,  which  is  approximately  30  miles  south  of  Ames  and  has 
a  normal  mean  temperature  about  Iji  degrees  above  that  for  Ames. 
(See  normal  temperatin-e  curves  in  Figm-e  10.)  The  summations, 
therefore,  are  probably  a  little  higher  than  would  have  been  obtained 
had  actual  Ames  records  been  used.  It  is  believed,  however,  that 
these  differences  are  not  great  enough  to  affect  seriously  the  results 
obtained.  Slight  errors  in  these  summations  may  likewise  be  present, 
due  to  the  fact  that  they  are  based  on  the  daily  mean  temperature 
rather  than  on  the  hourly  readings  as  in  the  Arlington  Experiment 
Farm  data.  The  simimations  for  the  period  from  planting  to  canning 
maturity  are  presented  in  Table  10,  and  the  curves  of  the  temperatures 
for  the  growing  seasons  of  1925  and  1926  are  shown  in  Figure  10. 
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Figure  10. — Mean  daily  temperature  curves  for  Des  Moines,  Iowa,  during  tlie  period  from  Aiiril  16 
to  September  15,  inclusive,  for  the  years  1925  and  1926.  Curves  for  the  normal  mean  temperatures 
for  Des  Moines  and  Ames,  Iowa,  are  also  shown.     (Data  from  U.S.  Weather  Bureau  records) 

Table  10. — Air-temperature  summations  for  sweet  corn  grown  at  Ames,  Iowa,  1925 

and  1926 

[Based  on  data  for  the  period  from  planting  to  canning  maturity] 


Year  and  variety 


1925 

Golden  Bantam 

Golden  Giant 

Golden  Evergreen 

Stowell  Evergreen 

1926 

Golden  Bantam 

Country  Gentleman 

Stowell  Evergreen 


Degree-hours  above  base  line  of— 


40°  F.         45°  F.         50°  F.         55°  F.        60°  F 


73, 856 
82, 784 
87,644 
88, 736 


67,  620 
82, 476 
91, 848 


61,  858 
69, 756 
73, 824 
74, 800 


56,  892 
69, 228 
77, 076 


50, 060 
56,  338 

59,  626 

60,  418 


46, 020 
56,  796 
63, 084 


39, 122 
44,  078 
46, 766 
47,  510 


35,  256 
43, 992 
48, 720 


28, 164 
31,800 
33, 768 
34, 392 


25,  020 
31,716 
34,908 
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It  is  seen  at  once  that  the  Goklen  Bantam  corns  grown  durinp;  these 
two  seasons  differed  considerably  in  their  response  to  temperature 
conditions,  that  grown  in  1925  showing  a  summation  above  the  as- 
sumed minimum  temperatm-e  of  50°  F.  4,040  degree-hours  greater  than 
that  grown  during  1926.  There  is  no  close  agreement  in  the  simima- 
tions  above  any  base  line  considered,  and  it  seems  safe  to  assume  tliat 
these  corns  represent  two  distinct  strains.  The  two  plantings  of 
Stowell  Evergreen,  on  the  other  hand,  showed  summations  above 
the  assmned  base  line  of  60°  for  the  two  seasons  varjnng  by  only  about 
500  degree-hours.  It  would  appear  that  the  seed  of  these  two  plots 
was  derived  from  the  same  strain  of  corn. 

Comparing  these  figures  of  Table  10  with  those  obtained  at  the 
Arlington  farm  from  Iowa  seed  (Table  8),  it  is  foimd  that  the  Stowell 
Evergreen  grown  in  Iowa  in  1926  had  a  temperatm-e  summation  above 
the  60°  F.  base  line  approxunately  2,400  degree-hours  greater  than 
that  grown  at  the  Arhngton  farm  during  the  same  season.  \Miether 
the  seed  of  these  two  plantings  was  derived  from  the  same  lot  is  not 
known.  In  the  case  of  the  Country  Gentleman  variety,  however, 
•  the  Iowa-grown  corn  required  only  slightly  over  600  degree-hours  more 
than  that  grown  at  the  Arlington  farm,  considering  60°  as  the 
probable  proper  base  line. 

The  possible  relation  of  regional  factors  to  the  behavior  of  the  corns 
can  not  be  proved  conclusively,  but  the  fact  that  the  Iowa  figures 
showTi  here  are  always  somewhat  higher  than  those  obtained  at  the 
Arhngton  farm  should  be  noted  in  passing. 

DATA  FROM  CORN  GROWN  IN  MAINE 

The  study  of  corn  grown  in  Maine  was  confined  to  different  strains 
of  one  variety  of  sweet  corn — Crosby — in  the  portion  of  the  Andros- 
coggin River  Valley  lying  between  Rumford  on  the  north  and  Durham 
on  the  south,  a  farming  section  characterized  by  widely  varying  types 
of  soils  and  topograpliical  conditions.  In  some  instances  the  corn 
was  grown  on  very  light  sandy  soils,  in  others  on  heavy  clay  loams; 
it  was  also  grown  on  all  intermediate  types  of  soil.  The  elevations 
of  the  different  farms  varied  by  as  much  as  500  feet  in  some  instances. 
Obviously,  it  was  not  possible  to  secure  accurate  temperature  records 
on  all  these  farms,  and  it  was  necessary  to  rely  on  the  official  records 
of  the  nearest  Weather  Bureau  station,  located  at  the  gatehouse  of  the 
Union  Water  Power  Co.,  at  Lewiston.  Tliis  station  is  not  in  the 
center  of  the  region  concerned,  but  is  approximately  5  miles  from  the 
southern  boundary.  Auburn  lies  directly  across  the  river  from  Le%vds- 
ton,  and  the  farms  listed  under  this  name  lie  witliin  a  radius  of  about 
5  miles  from  the  Weather  Bureau  station.  North  Turner  is  about 
12  miles  north  of  this  point,  Livermore  Falls  approximately  30  miles 
to  the  northeast,  and  Dixfield  approximately  35  miles  north  of  the 
station.  It  is  inevitable,  therefore,  that  the  summations  for  these 
more  distant  locations,  based  on  the  Lewiston  temperature  data, 
should  be  sliglitly  too  higb.  This  iufhionce  of  distance  from  the 
recording  station  will  be  noted  in  the  da  la  to  be  presented,  but  is  not 
sufficiently  great  to  affect  the  results  seriously. 
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These  summations  are  for  the  period  from  planting  to  the  date  of 
delivery  to  the  factory.  Theoretically,  corn  as  deUvered  at  the  factory 
should  be  at  a  very  definite  stage  of  maturity,  and  in  the  majority  of 
cases  tliis  condition  is  closely  approximated.  However,  weather 
conditions  sometimes  interfere  with  the  harvesting  of  the  crop  at  the 
appointed  time,  and  in  a  few  individual  cases  the  operation  of  other 
factors  may  result  in  the  corn  being  delivered  when  slightly  immature 
or  slightly  overmature.  Small  errors  in  summations  may  arise  from 
these  causes,  but  it  is  believed  that  in  the  present  cases  these  errors 
are  very  small. 

Data  for  two  seasons  will  be  given;  those  for  1925,  when  figures 
from  10  different  farms  in  the  region  about  Auburn  were  obtained, 
and  for  1926,  when  corns  from  72  farms  within  the  larger  area  were 
included  in  the  study. 

The  summations  are  based  on  hourly  temperature  readings  made 
throughout  the  season. 

Table  11  shows  the  results  obtained  for  the  season  of  1925  m  the 
Auburn  region. 

Table  11. — Air  temperature  summations  for  different  strains  of  Crosby  sweet  corn 

grown  near  Auburn,  Me. 

[Based  on  data  for  the  period  from  planting  to  canning  maturity] 


Strain  and  farm 


Burniiam  &  Morrill  Clark  strain: 

James  farm 

Sanborn  farm 

Early  Crosby  strain: 

Redmond  farm 

Joiinson  farm 

Ellis  strain: 

Packard  farm 

Flanders  farm 

Mower  farm 

Finn  strain: 

Taber  farm 

Osgood  farm 

Harper  farm 

Average 


Degree-hours  above  base  line  of- 


40°  F.         45°  F.         50°  F.         55°  F.        C0°  F. 


70,  007 
69, 816 

59,  506 
67, 534 

63,  621 
62,565 
67, 458 

59,  664 
61,851 
63,  401 


64,  542 


65,642 
65,  635 

47, 498 
53, 856 

51,  082 

49,  833 
53, 850 

47,846 

49,  249 

50,  742 


51,  513 


41,  9(il 
41, 914 

36, 013 

40,  888 

39,  070 

37,  698 

40,  844 

36,  564 

37,  301 

38,  610 


39,  085 


28, 660 
28,  550 

24,  612 
28, 063 

26, 986 
26,  627 
27,928 

25, 086 

25,  363 
26, 466 


26,  713 


17,  530 
17, 530 

15.  274 
17,  321 

16,  763 

16,  578 

17,  221 

15,  358 
16, 417 

16,  324 


16,  432 


Four  strains  of  Crosby  corn  are  represented  in  these  figures. 
Differences  in  strains  as  regards  their  response  to  temperature  condi- 
tions are  indicated,  but  the  data  are  too  few  to  warrant  general  con- 
clusions on  tliis  point.  Differences  in  soil  conditions  on  wliich  the 
corns  were  grown  and  in  elevation  doubtless  account  for  the  variations 
noted  witliin  each  group.  The  average  summations  for  the  10  fields 
of  corn  calculated  above  the  various  base  Unes  should  be  noted. 

Table  12  shows  the  results  obtained  from  72  different  farms  during 
the  season  of  1926  witliin  the  larger  area  mentioned. 
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Table  12. — Temperature  requirements  of  different  strains  of  Crosby  corn  grown  in 

Maine,  1926 

[Based  on  temperature  data  for  Lewiston  for  the  period  from  planting  to  canning  maturity] 


Degree-hours  above  base  line  of- 

_ 

Strain  and  locality 

Field 

No. 

40°  F. 

45°  F. 

50°  F. 

55°  F. 

60°  F. 

Ellis  strain: 

Dixfield         ..-    . 

1 

60, 222 
64,  975 

51  918 

37,960 
37,  707 

91  99n 

14, 884 
14, 871 

2 

50,  980 

25,132 

3 

65,  302 

51,118 

37,446 

24,848 

14, 632 

4 

65,  495 

51,311 

37, 888 

25, 210 

14,884 

5 

62,760 

49, 169 

36, 087 

24, 034 

14,233 

6 

67, 601 

52,  729 

38, 232 

25,  382 

14, 976 

7 

62, 239 

48,  839 

36,  244 

24,  283 

14,  397 

8 

62, 239 

48, 839 

36,  244 

24,  283 

14,  397 

9 

65, 578 

51,515 

37,683 

25,  146 

14,886 

10 

64, 698 

50,885 

37,  323 

24,  922 

14,  742 

11 

66,  552 

52, 103 

37,  857 

25,  239 

14, 910 

12 

G4,  539 

50,  664 

37,  220 

24,  765 

14,619 

13 

63,  729 

50,  016 

36,  783 

24,  538 

14,  536 

14 

66,  219 

51,  675 

38, 006 

25,  224 

14,884 

15 

66,  230 

51,914 

37, 897 

25, 189 

14,880 

16 

65, 487 

50,  839 

37, 277 

24,  962 

14,  787 

17 

05,  578 

51,515 

37,  713 

25, 146 

14,886 

18 

65, 084 

51, 224 

37,  501 

25, 117 

14, 871 

Average 

65, 029 

50,  958 

37, 393 

24,  925 

14  737 

Livermore  Falls    

1 

61  016 

48,  033 
50,  112 

35,435 
36,  955 

23  800 

14  171 

2 

63,  747 

24!  658 

14,602 

3 

64,  732 

50,684 

37,  331 

24,  951 

14,800 

4 

61,494 

48,  571 

35, 896 

24,211 

14,  470 

6 

64,880 

50,  509 

37,  381 

24, 976 

14,  747 

6 

63,810 

50,  320 

37,  031 

24,  801 

14,710 

t 

64,  127 

50,  789 

37,  307 

24,  937 

14,  772 

Average 

63,401 

49, 859 

36,  762 

24,619 

14  610 

North  Turner 

1 

00,  232 
62,  520 

48  108 

35,  599 

36,  574 

24  045 

14  358 

2 

49,  559 

24,  602 

14,642 

3 

64, 199 

50,  008 

36,  938 

24,  613 

14,556 

4 

63, 119 

49,  957 

36,  634 

24,507 

14,541 

5 

61, 876 

49,  238 

36,  249 

24,  335 

14,441 

6 

65, 878 

51,815 

37, 833 

25, 19{) 

14,916 

7 

62, 557 

50, 161 

30,  932 

24,784 

14,708 

8 

64,  678 

50, 837 

36,  92S 

24,  552 

14,  536 

• 

9 

61, 104 

48, 095 

35,  281 

23,708 

14, 136 

10 

63,  729 

50,366 

36,  783 

24,  538 

14,  536 

Average 

62, 989 

49, 874 

36, 575 

24,488 

14,  537 

Auliurn .. 

1 

58  647 

46  842 

34  658 

23,419 
24, 478 

13,  998 

14,  473 

2 

62,  733 

49,  784 

36, 571 

3 

07,  606 

52,  774 

.38,281 

25.  .341 

14,  me 

4 

60,  242 

47,764 

35,100 

23,  630 

14.  123 

5 

63,  729 

50, 366 

36,  7S3 

24,  538 

14, 536 

6 

61, 482 

48,  761 

36,  016 

24,  279 

14, 492 

Average 

62, 407 

49, 381 

36, 234 

24,281 

14,428 

Average  for  Ellis  strain..  .  

63,870 

50,  276 

36,  672 

24,  672 

14  622 

Burnham  &  Morrill  ("lark  strain: 

North  Turner.. 

1 

63,  654 

50,  761 

36,416 
38,415 

24  479 

14,612 
14,961 

2 

65,  232 

53,  771 

25.  366 

3 

63,  9H2 

50,  409 

37,a31 

24. 801 

14,710 

4 

69,  132 

53,  930 

38,  455 

25,416 

14,991 

Average 

65,500 

52, 218 

37, 579 

25, 016 

14,819 

Auburn 

1 

65. 332 

51,  439 

37, 357 

24, 862 
25,241 

14  787 

2 

68,  156 

54, 103 

38,281 

14,  946 

3 

62, 692 

49,  559 

36,  574 

24,602 

14,642 

Average    .  .  . . 

66,303 

51,700 

37.404 

24,901 

14  792 

Averauo  for  Burnham  <fe  Morrill  Clark 

strain - 

65,454 

51,996 

37,604 

24,967 

—  - 

14. 807 
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Table  12. — Temperature  requirements  of  different  strains  of  Crosby  corn  grown  in 

Maine,  1926 — Continued 


Strain  and  locality 

• 

Field 
No. 

Degree-hours  above  base  line  of — 

40°  F. 

45°  F. 

50°  F. 

55°  F. 

00°  F. 

Early  Crosby  strain: 

Livermore  Falls               .         .  .      .  . 

1 
2 

65,  332 
66,006 

51,439 
51,  913 

37,357 
37,751 

24,  926 

25,  192 

14,  787 

14,916 

Averaee                                            .  _  - 

65, 669 

51,676 

37, 554 

25, 059 

14, 851 

North  Turner.     ..-. 

1 
2 

64. 982 
66,  008 

51, 209 
51,  460 

37,  231 
37,  350 

24,901 
24,  775 

14,  770 

14,617 

Average .  -  -  .. 

65, 495 

51,337 

37,  291 

24,  838 

14,  693 

Auburn 

1 

61,457 

48, 415 

35,525 

23,  799 

14, 161 

Average  for  Early  Crosby  strain      . 

64,  757 

51,473 

37, 043 

24,  719 

14,  650 

Finn  strain: 

Livermore  Falls - 

1 
2 
3 

60, 352 
66,901 
65,  732 

48, 029 
52,289 
51,809 

34, 916 
38, 032 
37, 381 

23,  549 
25,  232 

24,  976 

14,093 

14,  886 
14,815 

Average 

64,  328 

50,  709 

36,  776 

24,  586 

14, 598 

Nolan  Early  Crosby  strain: 

North  Turner 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

64, 227 
61,261 
62,  256 
61, 654 

64,  552 
64, 093 
62,  986 

65,  276 
65, 059 
61, 602 

50,  274 
48, 449 
49,311 

48,  761 
50, 608 
50,  458 

49,  275 

50,  972 
50,  995 
48, 353 

36,645 
35,  742 
30,  475 
36, 016 
36, 938 
37,015 
35, 893 
37, 056 
37,  205 
35, 375 

24,422 
24,080 
24,  585 
24,  279 
24,  613 
24,  733 

23,  916 

24,  627 
24,  761 
23,  722 

14,481 
14, 358 
14, 640 
14, 492 
14, 556 
14,617 
14, 176 
14, 556 
14,617 
14, 136 

Average         .              __                .   . 

63,  297 

49,  746 

36,  436 

24,  374 

14, 463 

Roake  strain: 

Auburn 

1 
2 
3 
4 
5 

60,  242 
60,  584 
61, 146 
61, 402 
63,  041 

47, 542 

47,  764 
48, 128 

48,  291 

49,  212 

34,967 
35,100 
35,  305 
35,  395 
35,  776 

23,  561 
23, 630 
23,711 
23,  749 
23,  885 

14,100 
14, 123 
14, 135 
14, 141 
14,208 

Average           .     .     .... 

61,  283 

48, 187 

35,  309 

23,  707 

14  141 

Martin  strain: 

Auburn 

1 

61,  769 

48, 735 

35, 847 

24,078 

14,322 

Grand  average _  ... 

63, 816 

50,264 

36, 644 

24,  584 

14,581 

In  view  of  the  factors  contributing  to  variations  in  results  that 
have  been  pointed  out,  one  is  impressed  by  the  striking  uniformity  in 
the  summations  above  the  various  base  lines.  Variations  due  to  dis- 
tance from  the  weather-recording  station  are  shown  most  satisfactorily 
in  the  figures  for  the  Ellis  strain  and  amount  to  a  few  hundred  degree- 
hours  between  the  group  nearest  to  and  that  farthest  from  the  recording 
station. 

The  temperatm-e  requirements  of  the  different  strains  did  not  vary 
widely,  though  the  Roake  corn  used  somewhat  less  heat  than  any  of 
the  others. 

In  comparing  the  averages  for  this  season  (1926)  with  those  for 
1925  it  is  seen  that  all  strains  matured  with  less  heat  in  1926  than 
they  required  the  previous  year.  It  is  possible  that  the  smaller  num- 
ber of  observations  in  1925  may  be  partly  responsible  for  this  varia- 
tion, but  it  is  not  believed  that  this  accounts  for  all  the  difference. 
The  1925  season  in  tliis  region  was  one  including  prolonged  drought, 
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and  it  is  probable  that  here,  as  in  the  case  of  the  Stowell  Evergreen 
grown  at  the  Aldington  farm  in  1924,  the  normal  rate  of  development 
was  retarded  from  this  cause  and  a  higher  temperatm-e  summation 
resulted. 

In  order  to  evaluate  these  results  for  future  use  it  is  necessary  to 
know  something  about  the  minimum  temperature  base  line  for  Crosby 
corn.  A  limited  niunber  of  plantings  of  Crosby  corn  have  been  made 
at  the  Arlington  farm,  and  their  temperature  requirements  will  be 
shown  later;  but  it  is  not  possible  from  the  data  to  tell  what  is  the 
minimum- temperature  base  line  for  this  variety.  It  is  well  known, 
however,  that  Maine  growers  of  sweet  corn  are  narrowly  restricted  as 
to  planting  dates  because  of  the  short  growing  season.  Too  early 
planting  results  in  the  rotting  of  the  seed  in  the  ground,  and  late 
planting  exposes  the  corn  to  the  danger  of  killing  frost  before  it 
arrives  at  canning  maturity.  Practical  experience  has  showm  that  it 
is  necessary  for  Maine  growers  to  plant  their  corn  at  a  time  when  the 
prevailing  temperature  is  close  to  the  minimum  for  this  crop.  On 
this  basis,  it  is  possible  to  determine  reasonably  closely  the  minimum 
temperature  for  Crosby  corn. 


Figure  11. — Mean  hourly  temperature  curves  for  Lewiston,  Me.,  during  May  and  June,  1925  and 
1926,  as  recorded  at  the  I'nion  Water  Power  Co.'s  gatehouse.  The  normal  temperature  curve  for 
this  station  is  also  shown 

In  Figure  11  are  shown  the  mean  daily  temperature  curves  based 
on  hourly  readings  for  Lewiston  for  May  and  June,  1925  and  1926, 
with  the  average  date  of  planting  each  year. 

For  both  seasons  the  temperature  during  May  was,  for  the  most 
part,  below  normal  for  that  region.  For  about  10  days  during  the 
middle  of  the  month  the  air  temperature  averaged  well  above  50°  F. 
and  then  fell  slightly  below  this  point  for  a  short  time  before  swinging 
upward.  Plantings  were  made  shortly  after  the  temperature  began 
to  move  upward  again.  The  practical  experience  of  these  farmers 
indicated  an  air  temperature  of  close  to  50°  as  unsafe  for  tJie  germuia- 
tion  of  the  corn,  and  a  study  of  the  chart  shows  that  the  soil  tempera- 
ture at  the  time  of  planting  must  liave  been  fairly  close  to  50°.  A 
personal  commimication  from  a  re])resentative  of  one  of  the  corn- 
canning  comi)Mni('s  o])(M-a(ing  in  this  region  states  that  norinnlly  May 
25  is  about  the  avorag<'  ])lanting  date  for  this  region.  The  normal 
temperature  curve  for  this  (hite  stands  at  about  57°.  It  seems  rea- 
sonable to  conclude,  therefore,  that  55°  aiir  temperature  or  50°  soil 
temperature  is  dose  to  tlu>  minimum-tomperntuie  bas(^  line  for  Crosby 
corn.  Assuming  this  to  he  the  case,  it  is  found  hy  relerence  to  Tables 
II  and   12  that  the  air-temperature  rccjuirement  of  Crosby  corn  for 


RESPONSE  OF  SWEET  CORN 


31 


the  period  from  planting  to  delivery  of  corn  to  the  cannery  averaged 
26,713  degree-hours  above  55°  in  1925  and  24,584  degree-hours  in 
1926.  For  comparison  with  these  results  the  data  obtained  from 
different  strains  of  Crosby  corn  grown  at  the  Arlington  farm  are 
presented  in  Table  13. 

Table  13. — Air-fempernttire  svmmaiinns  for  different  strains  of  Croshy  corn  grown, 
at  the  Arlington  Experiment  Farm,  Rosslyn,  Va.,  1922,  1926,  and  1927 

[Based  on  data  for  the  period  from  planting  to  canning  maturity] 


Year  and  strain 


1922 
Early  Crosby 

1926 

Burnham  &  Morrill  Clark  strain  (from  Maine) 
Crosby  (from  Minnesota) 

1927 

Crosby  No.  28697 

Early  Croshy  No.  28693 

Minnesota  Crosby  No.  28695 

Average 


Degree-hours  above  base  line  of- 


40°  F.         45°  F.         50°  F.         55°  F.        60°  F 


05,  274 


62,  465 
65,  226 


66,  593 
66, 022 
66,  022 


65,  267 


55,  588 


53,  505 
55,  686 


56,  393 
55,  942 
55,942 


55,  509 


45,  893 


44.  253 
46,  054 


46,  203 

45,  872 
45, 872 


45,  691 


36,  227 


35,112 
36,  433 


36,118 
35,  898 
35,  898 


35,  948 


26,70a 


26,  703' 

27,  504 


26,  486' 
26,  352 
26,  352 


26,  683. 


Comparing  the  Maine-grown  corn  with  that  grown  at  the  Arlington 
farm,  it  is  seen  that  from  the  55°  F.  base  line  the  average  summations. 
are  considerably  less;  that  is,  24,584  degree-hours  as  against  35,948 
degree-hours.  These  results,  however,  include  data  for  several  strains 
grown  in  different  years  m  each  case. 

In  order  to  get_  a  strict  comparison  of  the  behavior  of  corn  grown 
in  Virginia  and  in  Maine,  attention  is  called  to  the  data  of  the 
Burnham  &  Morrill  Clark  strains  grown  in  these  two  regions  from 
the  same  lot  of  seed.  Comparison  of  the  data  from  the  55°  F.  base  Ime 
shows  that  corn  grown  in  Maine  reached  canning  maturity  with  a 
temperatm-e  summation  of  24,967  degree-hours,  as  against  35,112 
degree-hom'S  for  that  grown  at  Arlington  farm,  a  difference  of  28.9 
per  cent.  If  comparison  is  made  of  the  data  at  the  lower  base  lines 
it  is  found  that  the  difference  becomes  progressively  less  as  lower  base 
lines  are  used,  until  the  two  gradients  cross,  giving  at  the  40°  base 
line  a  summation  greater  for  the  Maine-grown  corn.  This  might 
seem  to  throw  doubt  on  the  validity  of  the  use  of  the  55°  base  line 
in  this  consideration,  but  it  must  be  noted  that  in  Maine  there  is  a 
greater  accumulation  of  ineffective  low  temperatm'e  than  in  Virginia, 
and  possibly  a  greater  accumulation  in  ineffective  high  temperatiu-e 
in  Virginia  than  in  Maine,  which  would  tend  to  explain,  in  part  at 
least,  these  differences  in  residts. 

From  the  data  presented  it  is  concluded  that  for  Crosby  corn 
55°  F.  is  the  most  appropriate  base  line.  From  the  use  of  this  line 
with  the  Maine  and  Virginia  data  it  appears,  as  has  already  been 
.^suggested,  that  the  response  to  temperature  conditions  of  the  corn 
;grown  in  Mame  is  distinctly  different  from  that  grown  in  Virginia. 
As  factors  probably  important  in  contributing  to  this  result  may  be 
mentioned  difference  in  length  of  day   (which  provides  for  longer 


32         TECHNICAL  BULLETIN  312,  TJ.  S.  DEPT.  OF  AGRICULTURE 

periods  of  photosynthetic  activity),  a  lower  rate  of  respiration  under 
Maine  conditions,  and  a  better  balance  between  photosynthesis  and 
transportation  of  manufactured  plant  products,  as  suggested  by 
Livingston  and  Livingston  {10). 

DATA  FROM  CORN  GROWN  IN  NEW  YORK 

There  remain  to  be  considered  only  a  few  data  on  corn  grown  at 
Mount  Morris,  N.  Y.,  during  1926.  So  few  are  the  data  that  they 
would  not  be  presented  here  but  for  the  fact  that  they  show  again 
how  much  more  economical  of  temperature  are  corns  grown  in  the 
northern  latitudes  of  the  country.  The  variety  here  was  Red-leaved 
Evergreen,^  which  was  planted  on  June  1  and  came  to  canning  matu- 
rity on  October  1 3.    The  air-temperatm^e  summations  for  this  corn  are 


J'loURK  12.  —Mean  daily  teinperattire  curve  for  Koehestcr,  N.  Y.,  for  the  period  from  May  1  to 
October  51,  192(),  inclusive,  and  for  Mount  Morris,  N.  Y.,  for  the  ])criod  from  June  1  to  October 
31,  inclusive,  of  the  same  year  from  data  for  Rochester  taken  from  the  U.  S.  Weather  Bureaii 
records  and  data  for  Mount  Morris  taken  from  field  records 

as  follows:  At  40°  F.,  75,113  degree-hours;  at  45°,  59,129  degree- 
hours;  at  50°,  43,073  degree-hours;  at  55°,  29,404  degree-hours; 
at  00°,  10,808  degree-hours. 

In  Older  to  intcr])ret  these  figures  properly  it  is  necessary  to  know 
something  of  the  minimum-temperature  base  line  of  this  corn.  It  is 
regretted  that  more  information  on  the  temperature  ref[uircments  of 
this  particular  variety  in  various  parts  of  the  country  is  not  available, 
})ut  a  l)ricf  study  of  local  conditions  where  this  corn  was  grown  serves 
to  throw  light  on  this  point.  In  the  present  case  temperature  records 
were  begun  on  the  <hiy  of  ])lanting  and  continued  througli  the  growing 
season.  In  Figure  12  these  records  are  cliarted;  and  to  throw  some 
liglit  on  conditions  jmor  to  the  ])hinting  date,  the  records  for 
Kocliester,  N.  Y.,  where  the  nearest  Weather  liui-eau  station  is 
located,  are  also  charted  for  the  season  of  1920,  and  the  normal 

»  AccordiuK  to  idfortnatinn  obtained  from  growers  of  this  corn,  it  is  ii  luto  variety  closely  resembling 
Btowell  Isvcrgroen. 
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temperature  curve  is  also  shown.  The  daily  mean  temperature  at 
Rochester  and  Mount  Morris  averaged  about  the  same  during  this 
season  with  the  exception  of  August,  when  the  Mount  Morris  tem- 
peratures averaged  a  little  lower  than  those  of  Rochester.  It  is 
believed,  therefore,  that  the  normal  temperatiu-e  curve  for  Mount 
Morris  would  not  difi'er  greatly  from  that  for  Rochester. 

Tliis  corn  was  planted  when  the  air  temperature  was  a  Httle  above 
60°  F.,  and  during  tliis  season  the  temperature  for  the  first  three 
weeks  of  June  averaged  close  to  tliis  temperature.  A  personal  com- 
munication from  a  representative  of  one  of  the  canning  companies 
operating  in  this  region  states:  "We  have  not  been  able  to  plant  any 
corn  here  in  the  Mount  Morris  district  much  before  May  20."  Data 
from  another  source  place  the  average  planting  date,  prior  to  the 
invasion  of  the  territory  by  the  European  corn  borer,  at  about  May 
20.  The  chart  shows  that  the  normal  temperature  for  tliis  date  is 
about  58.5°,  only  slightly  below  the  average  temperature  of  the  first 
three  weeks  in  June,  1926.  While  this  does  not  prove  the  minimum 
air  temperature  of  this  corn  to  be  60°,  it  does  indicate  that  this  can 
not  be  far  from  the  minimum.  The  summation  above  this  base  Une 
was  16,868  degree-hours,  which  was  far  less  than  that  of  any  variety 
grown  at  the  Arlington  farm  during  the  years  these  studies  have 
been  carried  on. 

GENERAL  DISCUSSION 

The  value  of  any  system  for  determining  the  response  of  plants  to 
their  temperature  environment  must  be  dependent  upon  its  appro- 
priateness when  applied  to  practical  conditions.  Experience  has 
indicated  that  absolutely  miiform  and  exact  results  are  not  to  be 
expected  from  any  system,  for  the  reason  that  many  and  widely 
var3dng  factors  are  involved,  and  it  is  extremely  difficult  if  not 
impossible  at  the  present  stage  of  knowledge  to  evaluate  the  influence 
of  any  one  factor  in  plant  behavior  as  distinct  from  that  of  all  other 
factors.  The  present  use  of  the  sjT^stem  of  "remainder"  indices  and 
the  determination  of  the  minimum  standard  deviation  from  the  mean 
summations  above  various  base  lines  is  not  entirely  satisfactory,  since 
here,  as  in  the  use  of  other  systems,  it  is  impossible  to  rule  out  entirely 
the  effect  of  prolonged  drought  and  some  other  variable  influencing 
factors,  wliich,  m  the  present  case,  tend  to  increase  the  standard 
deviation  and  obscure  its  significance.  It  is  believed,  however,  that 
much  of  the  objection  to,  and  the  inconsistencies  of,  the  remainder 
system  may  be  eliminated  by  the  use  of  suitable  temperature  base 
fines,  and  it  is  befievcd  that  the  present  method  of  determining  these 
base  fines  will  be  found  useful  and  reasonably  satisfactory  in  the 
study  of  crop  behavior. 

It  is  to  be  noted  that  a  base  fine  as  here  detennined  does  not  mean 
that  absolutely  no  growth  or  development  will  take  place  below  that 
base  line;  but  it  does  serve  as  a  practical  zero  point.  It  operates  to 
eliminate  the  ineffectiveness  of  low  temperatures  and  the  ineftlciency 
of  temperatures  close  to  the  base  fine.  The  slight  effectiveness  of  the 
temperatures  below  the  base  fine  is  mathematically  balanced  by  the 
inefficiency  of  the  temperature  just  above  the  base  fine.  It  seems 
to  be,  therefore,  the  best  compromise  that  can  be  obtained  where  all 
the  environmental  factors  are  taken  into  consideration. 
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It  may  be  objected  that  the  methods  employed  here  in  the  calcu- 
lation of  the  temperature  requirements  of  corn  are  too  laborious  for 
general  application  to  the  study  of  various  crops  and  that  sufficiently 
satisfactory  results  might  have  been  obtained  in  the  present  case  by 
using  the  daily  mean  temperature  as  the  basis  of  calculations  rather 
than  the  hourly  readings.  It  is  true  that  the  hourly  readings  are 
not  generally  available  and  daily  means  must  often  be  used  if  studies 
of  this  kind  are  to  be  carried  on.  In  the  case  of  the  Iowa  and  the 
New  York  data  presented  here,  only  daily  maxima  and  minima  were 
available.  It  is  well  known,  however,  that  the  mean  daily  temperature, 
representing  as  it  does  the  average  of  the  recorded  maximum  and 
minimum  temperatures,  does  not  always  give  an  accurate  measure 
of  the  amount  of  heat  received  from  the  sun  during  the  day.  In 
endeavoring  to  establish  the  proper  minimum-temperature  base  lines 
for  corn,  therefore,  the  more  laborious  calculations  were  used,  in  the 
belief  that  the  greatest  possible  accuracy  was  required.  For  crops 
having  longer  growing  seasons  or  for  those  less  sensitive  to  daily 
temperature  variations  closely  comparable  results  would  doubtless  be 
given  by  the  use  of  either  daily  means  or  hourly  readings  as  the 
basis  of  calculations.  No  attempt  has  been  made  in  the  present  case 
to  check  the  differences  with  corn. 

Criticism  of  the  material  presented  here  may  also  be  lodged  by 
plant  physiologists  and  others  on  the  ground  that  in  the  calculations 
of  the  summation  data  no  account  was  taken  of  so-called  temperature 
efficiencies.  Price  (14)  was  among  the  first  to  emphasize  the  possible 
relation  of  the  Van't  Hoff-Arrhenius  principle  concerning  the  velocity 
of  chemical  reactions  as  affected  by  changes  m  temperature  to  the 
response  of  plants  to  their  cKmatic  environment.  He  found  the 
principle  to  hold  generally  for  the  opening  of  the  flower  buds  of 
plums,  peach,  apple,  and  other  fruits,  and  pictured  maize  seedlings 
germinated  at  different  temperatures,  which  suggested^  that  the  prin- 
ciple might  also  hold  for  maize.  Maldng  use  of  this  principle  in 
their  calculations,  Livingston  and  Livingston  {10)  prepared  a  table 
of  "efficiency  indices"  for  temperatures  between  40°  and  99°  F.,  and 
in  a  careful  and  extensive  study  they  proceeded  to  compare  the  results 
obtained  by  the  use  of  these  indices  with  those  derived  by  the  use  of 
the  time-honored  direct  summation  methods  then  in  common  use  by 
phenologists.  It  appears  very  significant  that  the  two  methods 
employed  for  estimating  temperature  effectiveness  gave  results  agree- 
ing within  a  plus  or  minus  variation  no  greater  than  5  per  cent  for 
most  of  the  area  of  the  United  States.  Convinced  of  the  soundness 
of  the  view  that  the  rate  of  growth  in  plants  is  a  function  of  the  tem- 
perature, and  supported  by  the  observations  of  Lehenbauer  (8)  on 
the  rate  of  growth  in  maize  seedlings  at  different  temperature  levels, 
Livingston  (.9)  later  dcv(>lopo(l  a  new  set  of  indices  which,  taking 
into  account  the  Van't  lloU-An-henius  princii)lc,  recognized  not  only 
a  minimum  and  a  maximum  temperature  for  phint  growth  but  also  an 
optimum  temperature  beyond  which  the  rate  of  growth  was  retarded 
progressively  until  the  maximum  was  reached.  These  so-calletl 
"physiological"  indices  have  been  employed  by  various  investigators 
engaged  in  the  study  of  the  temperature  relations  of  plants.  Reports  of 
these  studies,  however,  by  no  means  confinn  the  uniform  adaptabil- 
ity of  these  indices  to  the  int('r|)retati()n  of  practical  fii'ld  data.  Thus, 
Appleman  and  Eutou  (i)  reported  that  the  physiological  indices  did 
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not  furnish  even  an  approximate  criterion  of  the  temperature  efficiency 
for  the  ripening  processes  in  sweet  corn.  The  Van't  Hoff-AiThenius 
principle,  however,  was  found  operative,  the  so-caUed  "efficiency"  or 
"exponential"  indices  of  Livingston  and  Livingston  (10)  heretofore 
mentioned  proving  useful  for  their  study.  "Direct"  summations  of 
degree-hour  units,  comparable  to  the  "remainder"  summations  used 
in  this  bulletin  but  involving  the  use  of  40°  F.  as  the  base  line, 
showed  sHghtly  higher  figures  for  the  late  than  for  the  early  crop, 
but  the  discrepancies  were  thought  to  be  due  in  part  to  the  conditions 
mider  wliich  the  temperature  records  were  secured. 

In  this  connection  it  should  be  remembered  that  conditions  that 
stimulate  grow  th  may  be  very  different  from  those  that  determine  the 
length  of  the  reproductive  cycle  in  the  plant.  The  present  study  is 
concerned  with  the  reproductive  cycle.  The  reproductive  processes 
are  preceded,  of  course,  by  a  period  of  growth  which  may  greatly 
affect  the  yield,  but  the  rate  of  growth  does  not  necessarily  determine 
the  length  of  the  reproductive  cycle.  Furthermore,  the  growth 
response  of  seedlings  to  varying  conditions  of  temperature  may  be 
very  different  from  the  growth  response  exhibited  by  plants  approach- 
ing the  period  of  reproduction.  It  seems  doubtful,  therefore,  whether 
the  results  of  Lehenbauer  (8)  are  appUcable  to  the  processes  here 
under  consideration. 

Of  particular  interest  is  the  report  of  work  done  by  Hanna  (6)  on 
Northwestern  dent  corn  {Zea  mays)  and  Mammoth  Russian  sun- 
flower (Helianthus  amiuus).  This  mvestigator  made  careful  com- 
parison of  the  various  temperature  efficiency  indices  in  his  analysis 
of  the  responses  of  these  plants  to  climatic  factors  and  found  that 
corn  gave  the  best  correlation  with  temperature  when  remainder 
indices  derived  from  temperatures  above  10°  C.  (50°  F.)  were  em- 
ployed. Sunflowers  gave  the  best  correlation  -wdth  temperature 
above  0°  C.  (32°  F.).  Noting  a  better  correlation  between  the 
growth  of  corn  and  the  physiological  indices  than  was  obtained  with 
sunflowers,  he  made  the  highly  important  observation  that  "physio- 
logical temperature  efficiency  indices  for  expressing  plant  growth  can 
be  of  little  value  unless  derived  from  observations  on  the  particular 
kind  of  plants  under  consideration."  This  work  of  Hanna  con- 
firmed the  observation  of  Lehenbauer  (5),  wliich  seems  to  have  been 
entirely  ignored  in  the  development  and  use  of  the  physiological 
indices,  that  the  minimum  temperature  for  corn  was  close  to  12°  to 
14°  C.  (53.6°  to  57.2°  F.).  The  results  presented  here  are  in  striking 
agreement  with  the  findings  of  these  investigators. 

These  physiological  temperature-efficiency  indices  were  developed 
for  use  primarily  in  the  study  of  plant  geography  as  related  to  climate, 
and  it  is  probable  that  their  application  to  the  study  of  the  response 
of  specific  crops  to  temperature  was  not  anticipated.  Their  chief 
shortcoming  for  such  use  probably  lies  in  the  fact  that  40°  F.  (4.4° 
C.)  is  not  the  minimum  temperature  of  many  plants  and  89.6°  F. 
(32°  C.)  does  not  coincide  with  the  optimum  of  many  of  them.  This 
is  indicated  not  only  by  the  results  of  the  present  study  with  corn 
but  also  by  the  findings  of  Hanna  {6)  with  com  and  sunflowers, 
mentioned  above,  of  Tottingham  {15,  16)  with  red  clover  (Trij'olium 
pratense),  buckwheat  (Polygonum,  fagopyrum)  and  wheat  (Triticum 
vulgare),  and  of  Hardenburg  (7),  Bushnell  (4),  and  others  with  pota- 
toes   {Solanum    tuberosum).     Although    the    Van't    Hoft'-Arrhenius 
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principle  seems  not  to  have  been  considered  by  some  of  these  latter 
workers  in  the  interpretation  of  their  experimental  data,  it  seems 
reasonable  to  question,  from  the  reports  of  their  findings,  whether 
this  principle  is  applicable  in  the  study  of  storage  processes,  par- 
ticularly in  some  common  forage  and  food  plants.  The  optiminn 
temperature  for  enzymic  activity  varies  widely  in  natiu-e,  and  tem- 
perature conditions  well  suited  to  vegetative  developments  in  plants 
may  be  unfavorable  for  other  physiological  activities.  That  the  rate 
of  respiration  varies  with  different  temperatures  is,  of  course,  well 
knowTi,  and  that  this  factor  enters  into  storage  relationships  must  be 
recognized. 

Boswell  (2),  in  the  report  of  his  study  on  the  influence  of  tempera- 
ture upon  the  growth  and  yield  of  garden  peas,  made  use  of  sum- 
mations above  the  base  line  of  40°  F.  He  stated  that  peas  showed 
little  if  any  correlation  between  the  total  degree-hours  of  heat  above 
40°  and  the  time  required  to  reach  blossoming,  but  rather  showed 
that  in  a  given  season  blossoming  occurs  upon  the  reception  of  a 
fairly  constant  amount  of  heat  regardless  of  time.  It  is  well  known 
that  peas  for  best  growth  require  a  lower  temperature  range  than 
com,  and  the  40°  base  line  doubtless  is  close  to  the  true  minimum 
for  this  crop. 

In  a  later  paper  BosweU  (3)  reported  on  a  study  of  the  temperature 
influence  upon  chemical  composition  and  quality  of  peas,  in  which 
it  was  noted  that  no  consistent  relationship  could  be  observed  be- 
tween mean  temperature  and  chemical  composition,  but  there  was  a 
very  good  correlation  between  temperature  summations  and  the 
starch-sugar  ratios.  Results  were  not  uniform  for  all  the  seasons  in 
which  the  work  was  done,  however,  and  strain  differences,  varying 
nutritional  conditions,  and  differences  in  day  length  were  offered  as 
possible  explanations. 

Mention  has  been  made  in  this  bulletin  of  the  evident  slo\^dng 
down  of  physiological  processes  in  corn  as  the  result  of  soil-moisture 
deficiency,  and  some  data  have  been  presented  in  support  of  this. 
During  1930  abundant  opportunity  was  afforded  to  observe  the  effect 
of  drought  on  plant  processes,  and  conversations  vnth  physiologists 
have  indicated  that  the  slowing  down  of  plant  activity  as  a  result 
of  water  deficiency  has  been  widely  noted. 

The  greatly  differing  temperature  requirements  of  corn  grown  in 
northern  sections  of  the  country  and  that  grown  in  the  experiment 
plots  in  Virginia  call  for  further  brief  consideration.  In  the  discussion 
of  this  subject  in  connection  vnih  the  examination  of  the  Maine  data, 
day  length  and  the  balance  between  photosynthetic  activity  and 
translocation  of  synthesized  plant  products  as  affected  by  tonqiera- 
ture  levels  were  mentioned  as  probably  accounting  for  the  more 
economical  use  of  temperature  by  the  Maine-grown  corn.  There 
remain  to  be  considered  two  other  factors  that  may  have  had  some 
})oaring  on  this  result. 

Reference  has  ])een  made  to  the  relation  of  temperature  levels  to 
respiration  and  storage  ])rocesses  in  plants.  Since  the  corn  grown  at 
the  Arlington  farm  was  groA\Tj  within  a  climatic  temperature  range 
considerably  above  that  of  Maine  and  western  New  York,  it  is  reason- 
able to  assume  a  higher  rate  of  res])irati()n  in  the  com  grown  in  Vir- 
ginia, and  consequently  the  use  of  a  greater  amount  of  heat  by  this 
com.     Such  an  assumption  is  in  line  with  the  observed  facts.     The 
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second  consideration  has  been  suggested  by  the  work  of  Long  (11) 
on  the  relation  of  light  to  photosynthetic  activity  in  plants.  This 
worker  found  that  not  only  was  this  activity  affected  by  different 
degrees  of  light  intensity  but  that  the  quality  of  the  light  also  had  a 
very  definite  effect  upon  the  rate  of  photosynthesis,  lied  light  was 
found  to  be  much  more  favorable  for  photosynthesis  than  blue.  Since 
the  rays  of  the  sun  are  more  oblique  in  the  northern  latitudes  than  in 
the  southern,  normal  simHght  there  contains  more  of  light  from  the  red 
end  of  the  spectrum  than  does  that  of  the  more  southern  sections  of  the 
country.  How  significant  this  possible  factor  is  in  plant  activities  is 
not  known,  but  if  significant  at  all  its  effect  would  be  in  the  direction 
of  the  observed  findings  of  the  present  study.  Tliis  might  help  to 
explain  also  the  more  economical  use  of  temperature  by  the  late 
plantings  of  Virginia-grown  corn  which  became  increasingly  apparent 
concomitantly  with  the  shorterdng  of  the  day. 

SUMMARY 

This  bulletin  records  the  results  of  studies  on  the  response  of 
different  varieties  and  strains  of  sweet  corn  to  varying  temperature 
conditions.  For  this  work  use  was  made  of  official  Weather  Bureau 
and  field  temperature  records  and  data  derived  from  plantings  of  corn 
grown  at  the  Ailiagton  Experiment  Farm,  Rosslyn,  Va.,  near  Wash- 
ington, D.  C,  during  1922,1924,  1925,  1926,  and  1927,  and  from 
corns  grown  in  Iowa  and  Maine  during  1925  and  1926  and  in  western 
New  York  in  1926. 

By  using  the  so-called  "remainder"  system,  summations  of  the 
prevailing  temperatures  above  various  base  lines  have  been  calculated 
and  the  results  expressed  in  terms  of  degree-hours  (Fahrenheit). 
Wherever  possible,  hourly  temperature  readings  rather  than  the  daily 
mean  were  used  as  the  basis  of  calculations. 

An  attempt  has  been  made  to  determine  the  temperature  base  line 
most  appropriate  for  use  with  the  remainder  system  in  studying  the 
response  of  corn  to  temperature  conditions,  which  has  been  accom- 
plished by  considering  as  most  valid  that  base  line  the  summations 
above  which  showed  the  smallest  standard  deviation  from  the  mean 
for  corns  grown  under  widely  varying  temperature  conditions.  To 
obtain  data  suited  for  this  purpose,  plantings  of  Golden  Bantam  and 
Stowell  Evergreen  varieties  were  made  at  intervals  of  a  week  to  10 
days  during  1924  and  1927  at  the  Arlington  Experiment  Farm,  and  the 
behavior  of  these  corns  with  relation  to  the  varying  seasonal  condi- 
tions was  determined.  The  applicability  of  these  data  to  the  problem 
under  consideration  has  been  shown  by  comparison  with  similar  data 
from  a  hypothetical  case  giving  theoretical  values.  The  results  are 
set  forth  in  tables  and  illustrated  by  graphs. 

Experimental  findings  have  been  found  to  agree  significantly  well 
with  the  theoretical,  though  conditions  of  drought,  abnormally  high 
and  prolonged  summer  temperatures,  variable  day  length,  and  other 
factors  causing  variations  in  the  summation  curves  have  in  some  cases 
increased  the  standard  deviations  and  tended  to  obscure  somewhat 
their  real  significance. 

The  evidence  here  set  forth  indicates  that  at  least  where  the  re- 
mainder system  for  studying  the  temperature  response  of  sweet  com  is 
used  a  40°  F.  air- temperature  base  line  is  much  too  low  and  suggests 
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the  probability  that  this  temperature  is  considerably  below  the  true 
physiological  minimum  for  this  crop. 

The  most  satisfactory  air-temperature  base  line  was  found  to  vary 
with  different  varieties  and  strains,  in  the  case  of  those  corns  under 
study  falling  within  the  range  of  50°  to  60°  F.,  indicating  that  the 
amount  of  heat  required  to  bring  sweet  corn  to  canning  maturity 
varies  not  only  wdth  different  varieties  but  with  strains  within  the 
varieties. 

With  the  use  of  soil  temperatures  as  the  basis  for  calculations,  the 
most  satisfactory  base  lines  were  found  to  fall  approximately  5°  F. 
below  those  for  air  temperatures  under  conditions  at  the  Arlington 
Experiment  Farm. 

The  observation  that  some  corns  apparently  have  lower  minimum 
temperature  requirements  than  others  suggests  that  not  only  may  such 
corns  be  particularly  adapted  for  growing  in  regions  having  short 
growing  seasons  but  might  be  planted  at  decidedly  earlier  dates  than 
are  commonly  set  for  planting  in  various  regions. 

Corn  subjected  to  drought  conditions  did  not  show  as  great  a  devel- 
opmental response  to  prevaDing  temperatures  as  the  same  variety 
and  strain  enjoying  ample  rainfall.  Thus  the  amount  of  heat  required 
to  bring  the  corn  to  canning  maturity  appeared  to  be  increased. 

Com  arriving  at  canning  maturity  near  the  close  of  the  season, 
showed  a  lower  summation  of  effective-temperature  units  than  that 
maturing  earlier  in  the  season. 

With  the  use  of  the  same  temperature  base  lines  for  the  same  vari- 
eties of  corn  grown  in  Maine  and  New  York  as  at  the  Arlington  Ex- 
periment Farm,  it  was  found  that  the  northern-grown  corn  came  to 
canning  maturity  with  a  far  smaller  temperature-unit  summation 
than  that  grown  in  Virginia.  Corn  of  an  identical  strain  grown  in 
Maine  and  at  the  Arlington  farm  during  the  same  season  yielded 
results  agreeing  closely  with  those  just  mentioned.  Differences  in 
the  rate  of  respiration  in  the  corn  growing  within  different  tempera- 
ture ranges,  differences  in  the  length  of  day  permitting  longer  periods 
of  photosynthetic  activity  in  the  northern  regions,  a  better  balance 
between  photosynthesis  and  the  transportation  processes  in  the  move- 
ment of  manufactured  plant  products,  and  difference  in  light  intensity 
and  the  quality  of  the  sunhght  are  suggested  as  possible  factors 
involved  in  tliis  result. 
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INTRODUCTION 

Long-established  theories  in  the  field  of  economics  are  now  being 
subjected  to  the  searching  Ught  of  quantitative  analysis.  The 
statistical  approach  is  used  to  test  theories  derived  by  deductive 
reasoning  as  w-ell  as  to  form  the  basis  of  new  inductive  generaliza- 
tions. Only  in  recent  years  have  sufficient  data  been  available  for 
comprehensive  statistical  analysis.  Practically  all  the  pubhcations 
of  a  statistical  nature  in  this  country  have  dealt  either  with  the 
technic  of  analyzing  quantitative  data  or  with  the  results  of  such 
analysis  when  applied  to  a  particular  problem.  Too  little  attention 
has  been  given  to  the  problems  involved  in  the  collection  and  com- 
pilation of  data  and  the  making  of  estimates.  A  careful  appraisal 
of  the  statistical  data  used  in  a  given  prol)lem  is  fundamental  if  the 
conclusions  based  on  the  analysis  of  the  data  are  to  have  validity. 
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The  tables  appearing  each  year  in  the  Yearbook  of  the  Depart- 
ment of  Agriculture  contain  two  fundamentally  different  kinds  of 
statistical  data.  First  are  those  which  result  from  enumeration  of 
all  items  under  a  given  category,  such  as  the  number  of  hogs  slaugh- 
tered under  Federal  inspection,  receipts  of  grain  at  primary  markets, 
exports  and  imports  of  agricultural  products,  and  the  Federal  census 
of  agricultural  production.  Second,  are  estimates  based  on  samples 
drawn  from  designated  populations,  such  as  the  annual  estimates  of 
acreage,  jdeld  per  acre,  and  production  of  various  crops,  number  of 
livestock  on  farms,  most  of  the  market-price  quotations,  farm  prices, 
farm  wages,  grain  stocks  on  farms  at  specified  dates,  and  agricultural 
income.  Although  the  source  of  the  material  is  pointed  out  in  foot- 
notes to  the  tables,  many  research  workers,  even  some  within  the 
Department  of  Agriculture,  fail  to  distinguish  between  the  relia- 
bility of  the  different  sources  when  drawing  conclusions  from  the 
analysis  of  these  statistics. 

Any  user  of  this  large  assortment  of  statistics  would  prefer  data 
derived  from  enumerations  rather  than  estimates  based  on  sample 
data,  pro\4ded  that  count  be  absolutely  complete,  or  at  least  contain 
a  uniform  degree  of  incompleteness,  throughout  the  entire  series. 
It  is  conceivable  that  an  estimate  might  be  closer  to  the  truth  than 
an  incomplete  count  or  enumeration.  The  reliability  of  an  estimate 
depends  on  several  factors,  including  the  homogeneity  of  the  popu- 
lation from  which  the  sample  is  drawn,  the  representativeness  of 
the  original  sample  data,  freedom  from  bias,  size  of  the  sample,  and 
the  technical  knowledge  and  common  sense  of  the  statistician  making 
the  estimate. 

The  research  worker  w^ho  uses  the  statistics  compiled  by  the  Depart- 
ment of  Agriculture  is  entitled  to  know^  just  how  the  data  were 
gathered,  and  he  should  be  given  some  basis  for  appraising  their 
accuracy  and  reliability,  whether  they  are  results  of  enumeration  or 
estimates  based  on  sample  data.  Progress  in  the  field  of  economics 
is  being  retarded  at  present  because  this  type  of  essential  information 
is  not  always  available. 

Statistics  on  agricultural  production  generally  antedate  those  cov- 
ering manufacturing  and  industry.  The  Sixth  Federal  Census, 
taken  in  1840,  contained  items  relating  to  agricultural  production, 
but  it  was  not  until  the  Tenth  Federal  Census,  in  ISSO,  that  both 
the  acreage  and  the  production  of  crops  were  enumerated.  During 
the  forties  and  fifties  various  agencies,  including  the  Patent  Office, 
trade  journals,  and  newspapers,  attempted  to  estimate  production 
of  the  more  important  crops,  such  as  cotton,  wheat,  corn,  and  oats, 
but  the  results  were  so  unsatisfactory  that  when  the  office  which 
eventually  became  the  Department  of  Agriculture  was  organized  in 
1862  it  was  charged  with  the  collection  and  compilation  of  agricultural 
statistics. 

Official  estimates  of  crop  production  must  necessarily  be  both 
accurate  and  timely  if  they  are  to  measure  the  annual  supply  of  a 
given  crop  for  the  buyer  and  the  seller,  and  thereby  reduce  the 
speculiitivc  lluctuatious  of  the  nuirket  price.  The  greatest  accuracy 
could  be  obtained  by  means  of  a  complete  annual  census  or  enumera- 
tion of  the  acreage,  yield  per  acre,  and  production  of  each  of  the 
various  crops.  Such  a  census  could  not  be  taken  until  after  the 
harvest  was  practically  completed,  and  then  it  would  require  from 


ADEQUACY   AND   RELIABILITY   OF   CROP-YIELD    ESTIMATES  3 

several  months  to  a  year  or  more  to  tabulate  its  returns  and  make 
them  available.  It  would  also  be  very  expensive  in  comparison 
with  the  cost  of  developing  a  crop-reporting  service. 

Not  only  are  accurate  estimates  of  the  production  of  crops  required 
immediately  following  the  completion  of  harvest,  but  buyers  and 
sellers  demand  forecasts  of  production  of  the  various  crops  prior  to 
harvest.  "They  could  not  do  without  them.  Private  agencies  will 
supply  them,  and  the  government  as  a  neutral  crop  reporting  agency 
can  not  avoid  its  responsibility  by  omitting  them"  {15,  jp.  320)} 
Methods  of  forecasting  are  being  steadily  improved.  With  cotton, 
for  example,  on  which  there  is  an  accurate  check  on  production,  the 
December  estimate  of  production  for  1928  was  99.3  per  cent  of  the 
final  ginnings.  In  1927  the  December  estimate  was  98.7  per  cent 
of  the  final  ginnings.  The  production  forecasts  of  September,  Octo- 
ber, and  November,  during  1929,  were  each  wdthin  1  per  cent  or  less 
of  the  December  estimate,  and  the  December  estimate  was  100.6 
per  cent  of  the  final  ginnings. 

Forecasts  and  estimates  of  crop  production  are  necessarily  based 
on  sample  data  rather  than  on  enumerations.  During  June  each 
year  thousands  of  farmers  report  to  the  Department  of  Agriculture 
the  acreages  of  the  various  crops  growdng  on  their  farms,  both  for  the 
current  season  and  the  year  previous.  From  this  and  other  infor- 
mation the  percentage  change  in  the  acreage  of  each  crop  is  estimated 
by  the  Crop  Reporting  Board.  TMs  percentage  change  in  acreage 
is  applied  to  the  estimate  of  acreage  for  the  previous  year  to  produce 
an  estimate  of  the  acreage  for  the  current  year  for  each  of  the  various 
crops.  The  decennial  or  quinquennial  Federal  agricultural  census 
enumeration,  with  some  adjustments  for  incompleteness,  furnishes 
the  base  or  starting  point  for  estimates  of  acreage. 

During  the  growing  season  forecasts  of  the  probable  yield  per  acre 
are  made  on  the  basis  of  the  "condition  of  the  crop  in  per  cent  of 
normal,"  actually  on  appearance,  as  reported  by  the  regular  crop 
correspondents.  The  relationship  of  condition  to  final  yield  per  acre 
as  a  basis  of  forecasting  is  supplemented  by  weather  and  yield  rela- 
tionships. 

After  the  harvest  of  a  given  crop  is  completed  in  practically  all 
States,  estimates  of  production  for  the  crop  are  made  by  multiplying 
the  estimate  of  acreage  of  the  crop  remaining  for  harvest  after  aban- 
donment is  deducted  by  an  estimate  of  yield  per  acre.  In  late  Septem- 
ber an  extensive  survey  of  the  current  year's  acreage  of  all  crops  is 
made  with  the  help  of  the  rural  mail  earners  of  the  Post  Office  Depart- 
ment. Results  of  this  survey,  with  other  information,  form  the  basis 
of  the  estmiates  of  the  acreage  of  the  various  crops  remaining  for 
harvest.  The  crop  correspondents,  both  regular  and  special,  report 
on  the  average  >ield  per  acre  of  the  various  crops  in  their  locality,  and 
these  retiu'ns  are  used  as  a  basis  for  the  crop  estimate  board's  esti- 
mates of  3d  eld  per  acre.  The  forecast  of  production  for  a  given  crop 
in  a  particular  State  is  the  product  of  the  acreage  estimate  multiphed 
by  the  forecast  of  probable  yield  per  acre. 

Accurate  estimates  of  production  requu'e  that  methods  of  esti- 
mating all  component  factors  be  accurate  and  reliable.' 

•  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  137. 

2  The  reliabihty  and  adequacy  of  the  farm  price  estimates  of  the  department  have  been  considered  in 
U.  S.  Department  of  Agriculture  Bulletin  1480  (74). 
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In  the  field  of  crop  estimating,  as  in  any  other  speciaUzed  field  of 
knowledge,  it  has  been  necessary  to  develop  a  technic  applicable  to 
the  problems  mvolved.  Man}''  of  these  problems  are  similar  to  those 
now  being  encountered  in  the  more  general  field  of  quantitative 
analysis  of  economic  data.  The  general  principles  of  statistics, 
especially  as  related  to  samphng,  have  been  of  material  assistance  in 
understanding  the  technic  developed  thi'ough  many  years  of  experi- 
ence in  crop  estimating  and  in  suggesting  improvements  that  have 
already  proven  their  worth. 

The  general  problem  of  determining  the  reliability  and  adequacy 
of  estimates  of  crop  production  must  be  considered  from  the  stand- 
point of  two  specific  problems — the  accuracy  of  estimates  of  acreage 
and  accuracy  of  estimates  of  crop  yields  per  acre.  The  statistical 
principles  related  to  the  methods  of  sampling  used  in  estimating  crop 
jaelds  per  aci'e  are  much  less  complex  and  are  of  more  universal 
application  m  the  general  field  of  quantitative  procedure  than  are 
those  related  to  the  estimating  of  acreage.  This  study  will  be  limited 
to  the  specific  problem  of  estimates  of  crop  \aelds  per  acre.  A  study 
similar  to  this  has  been  made  in  connection  with  estimates  of  acreage, 
and  many  of  the  improvements  in  method  that  were  developed  have 
been  incorporated  in  the  procedure  of  estunating  the  acreage  of  crops. 

PURPOSE  AND  PROCEDURE 

The  primary  purpose  of  this  bulletm  is  to  report  the  results  of  a 
critical  investigation  of  the  sources  of  current  information,  the 
character  of  the  information  received,  and  the  methods  used  in 
preparing  the  official  estimates  of  yield  per  acre  of  crops.  This 
investigation  has  been  conducted  over  a  period  of  several  years,  has 
served  as  a  basis  for  determining  the  reliability  and  adequacy  of 
estimates  of  crop  yields  per  acre,  and  has  resulted  in  improvement 
and  refinement  of  methods  used  in  preparing  such  estimates. 

The  procediu-e  followed  in  the  study  was  to  examine  the  data 
regularly  available  to  the  Department  of  Agricultm-e  in  the  light  of 
statistical  principles,  related  to  samplmg,  that  had  been  tried  and 
proven  in  other  fields.  In  the  course  of  this  examuiation  the  data 
basic  to  many  of  the  ofiicial  estimates  for  principal  crops  in  related 
States  were  reworked,  and  accepted  measures  of  reliability  were 
applied.  Official  estimates  were  compared  with  the  >delds  indicated 
by  the  reports  received,  considered  alone  mthout  correction  by  the 
board. 

The  results  are  presented  in  the  following  order:  (1)  Description 
of  the  nature  and  sources  of  reports  from  farmers;  (2)  treatment  of 
sainple  data  to  meet  practical  and  theoretical  requirements;  (3)  de- 
tailed critical  analysis  of  the  data  for  typical  States  ami  years  for 
important  crops;  (4)  comparison  of  yield  estimates  of  the  Department 
of  Agiicultun^  with  yields  derived  from  the  census  data;  and  (5)  an 
ajjpruisal  of  tiit^  iiistorical  series. 

The  first  part,  which  deals  with  a  description  of  the  phenomena 
and  methods  is  treated  in  sunnnary  fashion  in  ^^ew  of  available 
iiititcrifils  on  the  g('n(M'al  subject. 

The  second  part  of  this  studv,  which  adapts  available  sampling 
|)rin(iplcs  to  the  immediate  problem  of  estunating  the  yields  of  crops, 
has  resulted  In  a  cbissification  of  the  factors  that  cause  samples  to  be 
misleading  iiiul   ('sliniates   to   bo  inaccurate.     These  generalizations. 
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which  are  based  on  experience  in  the  field  of  estimating  crops  and 
livestock,  have  a  definite  application  in  the  general  field  of  making 
estimates  and  drawing  conclusions  from  sample  data.  Every  con- 
structive worker  in  economics  and  related  social  sciences  is  forced 
eventually  to  utilize  sample  data,  whether  he  collects  them  himself 
or  not. 

The  detailed  analysis  of  the  sample  data  for  typical  States  and 
years  for  important  crops  has  involved  an  mimense  amount  of  labor 
both  in  actual  performance,  and  m  checking  the  accuracy  of  the  work. 
A  large  part  of  this  labor  has  been  done  by  the  staff  of  field  statisticians 
in  the  various  States  and  other  workers  of  the  Division  of  Crop  and 
Livestock  Estimates,  in  connection  with  courses  of  instruction  in 
sampling  and  general  statistics  conducted  by  the  author  during  the 
last  three  years. 

In  the  fourth  phase  of  this  study,  the  sample  data  and  estimates 
of  yield  have  been  directly  checked  against  the  yields  per  acre  derived 
from  census  data.  This  is  an  entirely  separate  approach  to  the 
problem  of  the  reliability  of  yield  estmiates.  The  conclusions  of  this 
study  are  based,  therefore,  on  the  results  obtained  by  using  two 
dift'erent  methods  of  investigatmg  the  same  general  problem  and  are 
considered  more  dependable  than  if  either  had  been  utilized  alone. 

The  brief  evaluation  of  the  yield  estimates  as  a  historical  series  will 
be  helpful  in  explaining  year-to-year  variations  in  the  3rield  of  a 
given  crop  in  a  certain  State  o]i  the  basis  of  the  weather  and  economic 
factors  mvolved. 

Scientific  workers  and  students,  especially  those  in  the  field  of  the 
social  sciences,  who  are  makmg  and  interpreting  surveys  and  samples 
of  social  and  natural  phenomena  wUi  be  particularly  interested  in 
the  piinciples  and  methods  of  sampling  as  they  have  been  developed 
by  the  United  States  Department  of  Agriculture  over  a  period  of 
more  than  60  years.  To  this  group  the  first  part  of  this  bulletin  to 
and  including  the  discussion  of  the  reliability  of  the  estimates  for 
winter  wheat  will  have  greater  significance  than  the  remainder. 
Others,  however,  may  be  interested  in  the  reliability  of  the  yield-per- 
acre  estimates  for  one  or  more  particular  crop.  It  is  suggested  that 
they  consider  the  section  on  winter  wheat  as  a  basis  for  comparison 
with  the  particular  crop  of  their  interest.  Those  mterested  only  in 
the  general  reliability  of  yield  estimates  made  by  the  department  will 
find  most  of  their  questions  answered  in  the  summary. 

SOURCES  AND  KINDS  OF  INFORMATION 

PHENOMENA   OF   CROP  YIELDS 

The  phenomenon  that  the  Department  of  Agriculture  is  called 
upon  to  measure  and  to  estimate  is  the  average  yield  per  acre  of  a 
given  crop  for  the  United  States,  for  a  State,  and  for  some  subdivision 
of  the  State,  such  as  a  county  or  group  of  counties.  The  estimate  of 
yield  per  acre  for  a  State  is  theoretically  the  total  production  of  a 
given  crop  in  that  State  divided  by  the  total  number  of  acres  of  that 
crop  harvested. 

Although  the  term  ''average  yield  per  acre"  implies  that  the 
actual  production  on  an  acre  of  ground  is  the  unit  of  observation, 
experience  teaches  that  the  smallest  unit  in  actual  practice  undoubt- 
edly is  the  average  yield  per  acre  for  a  field.     If  a  farmer  is  asked 
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how  much  corn  he  grows  per  acre  on  Ids  farm,  he  is  likely  to  say  that 
on  his  40-acre  field  on  the  river  flat  he  produced  60  bushels  to  the 
acre  and  on  his  20-acre  field  over  on  the  hill,  liis  average  yield  per 
acre  was  only  40  bushels.  The  production  of  a  crop  on  a  given  field, 
divided  by  the  area  of  that  field,  is  about  the  smallest  unit  in  which  the 
farmer  thinks  of  yield  per  acre.  It  is  the  rate  of  production  per  acre 
for  any  given  area  such  as  a  field,  several  fields,  or  the  locality. 

Yields  per  acre  of  any  given  crop  difter  as  between  fields,  between 
farms,  between  counties,  between  States,  and  between  geographical 
areas.  These  differences  result  from  difference  in  soils,  cultural  prac- 
tices, seed  selection,  weather,  farm  management,  and  other  factors. 
Since  crop  production  is  a  natural  plienomenon,  it  is  reasonable  to 
expect  a  fairly  normal  distribution  of  the  observations  if  the  samples 
are  drawn  from  a  reasonably  homogeneous  area. 

Differences  in  soil  fertility,  topography,  and  climate  ai-e  the  fun- 
damental causes  of  the  variation  in  crop  jdelds  for  the  country  as  a 
whole.  The  Delta  counties  of  Mississippi  have  on  an  average,  much 
liigher  yields  per  acre  of  cotton  than  have  the  upland  counties.  The 
areas  of  higli  production  per  acre  for  the  country  as  a  whole  are 
rather  well  determined  and  tend  to  be  fairly  homogeneous;  areas  on 
the  margin  of  profitable  production  are  less  clearly  defined  geograph- 
ically. Yields  per  acre  not  only  differ,  but  so  also  do  the  geographic 
distribution  and  density  of  the  acreage  planted  to  a  given  crop. 
With  the  approach  to  the  geographic  margins  of  profitable  production 
of  a  given  crop,  a  smaller  proportion  of  farm  land  is  planted  to  that 
crop.  In  sampfing  for  yields  per  acre  of  a  crop  it  is  necessary  to 
consider  not  only  geographic  variations  in  yields  but  also  geographic 
distribution  of  the  acreage. 

A  political  unit  such  as  a  State  or  county  is  not  necessarily,  and 
in  fact  is  seldom,  a  homogeneous  geographic  district  from  the  stand- 
point of  either  yield  per  acre  or  acreage  distribution.  If  an  approach 
to  a  normal  distribution  is  to  be  secured  in  the  observations  of  the 
sample  of  crop  yields,  a  State  should  be  divided  into  districts  having 
natural  conditions  as  nearly  uniform  as  possible.  In  actual  practice 
a  State  is  usually  divided  into  nine  crop-reporting  districts  of  about 
equal  extent,  on  the  assumption  that  the  variation  both  in  yields  per 
acre  and  in  the  distribution  of  the  acreage  is  greater  over  the  entire 
State  than  within  one  of  these  districts.  To  the  extent  that  this 
assumption  holds  true,  the  crop-reporting  district  is  more  homogene- 
ous than  the  State  as  a  whole.  Homogeneity  within  the  districts  has 
}>een  materially  increased,  in  the  case  of  several  States,  by  giving  more 
car(!ful  attention  to  natural  geographic  and  clinuitic  factors  and  the 
distribution  of  the  acreage  of  the  imi)o7-tant  ci'ops  when  selecting  the 
counties  that  are  to  be  included  within  each  district. 

Tliei'o  are  41  State  odices  at  present.  There  is  one  liold  office  for 
the  New  lOrigland  States,  one  for  Maryland  and  Delauaro,  and  one 
for  Nevada  and  Utah.  Tlie  two  lists  o^  crop  correspondents,  town- 
ship and  field  aids,  have  now  })een  merged  in  several  States,  including 
the  New  iMiglaiul  States,  New  York,  Pentisylvania,  New  rlersoy, 
Maryhuid,  l)(>laware,  \'ii-giiiia,  West  Virginia,  Florida,  and  California. 
The  C(»uil)ine(l  list  of  crop  correspondents  reports  to  the  field  offices 
in  these  Stat(>s.  Cenei-ally  speaking,  these  are  States  in  which  the 
crops  of  general  speculati\e  interest,  such  as  wheat,  corn,  oats,  and 
cotton,  are  relatively  unimportant,  or  hi  which  the  agriculture  is  so 
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highly  specialized  that  a  sample  has  little  significance  unless  inter- 
preted by  one  familiar  with  the  agricultural  details  of  the  State. 
It  is  deemed  advisable,  however,  to  continue  this  dual  system  of  crop 
correspondents,  in  most  important  agricultural  States,  especially 
in  those  with  lughly  speculative  crops,  as  it  insures  that  sample  data 
will  be  available  for  the  Crop  Reporting  Board.  Reports  from  the 
State  officers  are  sometimes  lost  or  fail  to  reach  the  board  by  the 
morning  of  the  day  the  report  is  released. 

In  some  of  the  important  grain  States  the  returns  from  the  regular 
crop  correspondents  of  the  department  have  been  supplemented  by 
special  questionnaires  to  country  mill  and  elavator  managers,  each 
of  whom  is  asked  to  estimate  the  yield  per  acre  for  the  more  important 
grain  crops  in  liis  locality. 

In  many  States  an  additional  "judgment  inquiry"  is  sent  out  in 
the  late  fall  to  farmers  who  are  not  regular  crop  correspondents  of  the 
department.  The  returns  from  these  inquiries,  taken  later  in  the 
season,  supplement  the  regular  returns  and  are  especially  helpful 
when  estimates  of  ^delds  are  made  on  less  than  a  State  basis. 

THE  LISTS   OF   REPORTERS 

The  Department  of  Agriculture  now  maintains  two  lists  of  crop 
correspondents.  Both  lists  are  recruited  from  among  farmers  who 
are  willing  to  serve  without  compensation  and  who  are  selected  with 
the  idea  of  ha\dng  on  each  list  at  least  one  reporter  from  each  agri- 
cultural township  in  the  United  States.  The  township  list,  which 
reports  to  Washington,  has  usually  consisted  of  about  30,000  or  more 
farmers.  There  are  at  present  about  46,000  correspondents  on  the 
field-aid  list,  which  reports  to  the  field  statisticians  in  each  State.  For 
any  regular  monthlj^  report  about  50  per  cent  of  the  correspondents 
return  the  questionnaires.  The  township  list  was  first  established  in 
1896  and  the  field-aid  list  in  1914,  when  the  field  force  of  the  Bureau 
of  Crop  Estimates  was  reorganized.  In  1925,  the  list  of  county 
correspondents  was  merged  with  the  townsliip  list.  The  county 
correspondent  was  expected  to  provide  himself  with  from  three  to  five 
assistants  living  in  dift'erent  parts  of  the  county,  who  reported  to  him 
the  yields  in  their  locahties,  while  he  in  turn,  made  an  estimate  for 
the  entire  county. 

JUDGMENT  INQUIRIES 

From  the  beginning  in  1862  to  1930  the  official  estimates  of  crop 
jdelds  per  acre  have  been  based  primarily  on  what  is  called  the  judg- 
ment inquiry,  in  which  the  unit  of  observation  for  a  given  crop  is  the 
crop  reporter's  estimate  of  the  average  yield  per  acre  in  his  locality. 
From  1862,  when  the  county  reporters  were  organized,  until  1896, 
when  the  township  list  of  crop  correspondents  was  begun,  the  unit  of 
observation  was  theoretically  the  average  yield  per  acre  for  an  entire 
county.  It  is  obvious  that,  as  a  matter  of  fact,  the  average  yield  for 
the  locality  with  which  the  reporter  is  familiar  has  always  been  the 
unit  of  observation. 

In  the  generally  used  judgment  inquiry  of  the  department  the  crop 
reporter  is  asked  to  make  an  estimate  of  the  average  yield  for  his 
locality  which,  theoretically,  would  be  the  total  production  divided  by 
the  total  acreage  therein.  In  actual  practice  the  crop  reporter  pre- 
sumably starts  with  the  knowledge  of  the  average  yield  per  acre  on 
his  own  farm;  then  through  contacts  with  other  farmers,  he  obtains 
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information  concerning  the  average  yields  on  other  farms  in  his  local- 
ity. Many  reporters  undoubtedly  not  only  consider  the  yields  ob- 
tained on  farms  with  which  they  are  familiar,  but  go  even  further  and 
make  an  allowance  for  the  poor  appearance  of  some  outlying  farms 
for  which  they  do  not  have  accurate  information.  No  effort  is  made 
to  limit  the  locality  that  the  crop  reporter  represents.  It  is  possible 
that  the  influence  of  the  higher  yields  on  the  reporter's  own  farm  tends 
to  result,  in  years  of  very  low  yields,  in  an  estimate  that  is  above  the 
true  situation. 

After  conversations  with  many  crop  reporters  in  Iowa,  the  writer  is 
imder  the  impression  that  most  reporters  do  make  an  allowance  for 
the  low  jdelds  as  well  as  for  the  high  yields  obtained  in  their  immediate 
neighborhoods.  !Most  of  the  reporters  are  better-than-average  farmers 
and  although  they  generally  obtain  better-than-average  yields  on  their 
own  farms,  thej'"  do  tend  to  discount  their  OAvn  yields  in  arriving  at 
an  estimate  for  their  locality. 

From  1883  to  1914,  the  returns  from  these  voluntary  crop  corre- 
spondents, who  reported  directly  to  the  department  in  Washington, 
were  supplemented  by  the  observations  and  estimates  made  by  part- 
time  State  statistical  agents,  each  of  whom  had  a  small  group  of  crop 
correspondents.  From  about  1900  to  1914,  full-time  regional  field 
agents  were  employed  to  travel  continuously  during  the  growing 
season  and  immediately  after  harvest  over  a  territory  comprising 
several  States.  They  observed  the  condition  and  appearance  of  the 
growing  crops  and  estimated  the  average  yield  per  acre  for  each  of 
their  States  on  the  basis  of  their  observations,  reports  from  a  limited 
list  of  crop  corrcfspondents,  and  other  information  secured  from  opera- 
tors of  mills  and  elevators  and  informed  persons  with  whom  they  came 
in  contact  during  travel. 

Dining  the  last  few  days  of  the  month  both  lists  of  reporters 
receive  a  questionnaire  wliich  includes  various  items  such  as  the  con- 
dition in  per  cent  of  normal  of  the  growing  crop,  yield  per  acre  of 
difl'erent  crops  shortly  after  hai'vest,  and  miscellaneous  questions  on 
farm  labor,  farm  wages,  poultry  and  milk  production,  etc.  The 
"probable  yield"  as  well  as  the  condition  of  wheat  and  rye  is  included 
on  the  June  questionnaire  for  reporters  in  the  Southern  States.  In 
July  the  questionnaire  asks  for  the  harvested  yield  of  wheat  and  rye 
in  the  Southern  States  and  the  probable  yield  in  the  Northern  States. 
The  probable  yield  for  the  more  important  crops  is  requested  about 
harvest  time,  and  harvested  yield  is  requested  a  month  later,  some 
allowance  being  ma<Ie  for  the  advancement  of  the  season  in  the  South- 
ern and  the  Northern  States.  The  October  inqiiiiy  (fig.  1)  includes 
the  harvested  yield  of  the  spiing-sown  grains  and  the  probable  yields 
of  corn  and  |)otatoes.  The  last  inquiry  on  yield  per  acre  for  the  season 
has  been  as  of  November  1;  such  late-harvested  crops  as  corn,  pota- 
toes, and  buckwheat  were  included.  Beginning  with  1928  in  the 
Northern  States  the  yield  incjuiiy  for  corn  was  repeated  on  December 
1,  and  this  i)ractice  will  be  continued  in  the  future.  Early  each 
year  there  is  an  announcement  of  the  list  of  crop  reporting  dates  for 
the  year,''  which  shows  what  is  to  be  published  in  connection  with 
each  crop  report  throughout  the  year. 

'  T'NITEt)    .STATK.M    OKrAKTMKNT   OF    A  f.IllrHLTintE,    nVREAII    OK    Ar.RmH.Tl'R  AL  ErONOMICH.      CROP  RE- 

roRTiNci  DATES  FOR  m.ii  ANNOUNCED.  U.  S.  DeiJl.  Agr.,  Uur.  Agr.  Ecou.  Press  lioleaso.  [Ij  p.  Jaiiiuiry 
31,  IU.')1.    [Mluioographod.] 
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REPORTS  FOR  INDIVIDUAL  FARMS 


In  addition  to  these  judgment  inquiries,  both  regular  crop  reporters 
and  other  farmers  are  asked  to  report  on  the  acreage  and  production  of 
the  crops  on  their  own  farms.     From  these  reports  a  yield-per-acre 
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OCTOBER  CROP  SCHEDULE 


A'OTMe „.. 

Pf>si  Office 

County  in  uhich  J  live. 
State 


This  schedule  is  to  be  maQed  by  October  1.  1929.  Report  ONLY  on  such 
crops  named  as  are  grown  in  your  locality;  report  for  that  part  of  the  country 
about  you  wliich  comes  under  yoor  personal  observation,  or  with  which  you 
lire  familiar.  Pleaso  read  carefully  the  Instructions  below  before 
making  report. 


INSTRUCTIONS    TO    REPORTERS 

1  The  condition  of  the  cropg  on  the  dale  ImJicnted  for  m;iiliDg  the  scheilnle  1-^  tint  In  comriartson  with  a  condition  st  any  former  ported,  but  with  a  normal  condition  of 
growth  ADil  vlLilily  such  o.'t  wouJd  be  expected  at  this  time  lb  a  crop  starting  out  under  lavorabie  cooditions  and  not  subjected  alt^nru'ds  to  imlavorabli;  weather,  insect  pests,  or 
other  Injurious  ^cenci'?^,    I(  rondition  is  asked  lor  any  crop  that  has  already  been  barvtsted,  civo  condition  ot  time  ol  barvi?si. 

2  III  estimailOR  condition  of  crops  In  comparison  with  a  normal  condition  of  growth  and  vitality  frtving  promise  of  a  full  yield  per  arre.  HX/  is  lh.>  b^sls;  If  nine-tenths  of  a 
full  (oormaij  yield  per  acre  nre  inrticf.ted  by  tho  prtsenl  condition,  the  answer  should  t)C'  filled  In  as  90;  If  ono-lentb,  or  10  ptr  cent,  more  than  a  normal  yield  per  aero  is  indicated. 
the  answer  shoulii  be  reported  as  110,  etc. 

3  Quality  should  be  reported  on  the  basis  of  100  repres^intmg  a  higb  medium  grade;  prouuctioQ,  on  the  basis  of  100  representing  a  production  normally  or  usually  raised  la 
a  favorable  season.    t?w  item  35) 

4  Include  under  "All  t&nie  nay"  fill  cultivated  grasses  and  legumes,  abne  or  miied,  such  eis  timothy,  clover,  alfalfa,  millet,  Johnson  gras^,  etc.,  and  all  ^^ns,  Including  field 
hf&na  and  peas,  cut  green  and  cured  for  bay;  but  exclude  wild,  salt,  or  prairie  grasses,  also  exdude  coarse  forage  crop6,  such  as  com,  sorghum,  kallr.  etc.    (See  itoms  23  and  24.) 

I  SVMSOt-5    TO    BE    USEID 

Use  cross  (X)  when  crop  is  not  grown  at  all  oris  grown  to  so  small  an  extent  as  not  to  be  worth  reportinc  Use  dash  f-^)  when  information  is  not  suflicieot  for  an  estimate 
Wrlle  in  Ibe  word  "FaUurc"  to  mdJiate  an  entire  faiJure.    Use  cipher  lO)  only  when  no  grain  remains  on  farms  on  October  i,  itca. 

THE     REPORT 

fl  fse  the  Ecbedule  only  for  the  report.  Mako  all  other  communications  on  n  separate  sheot  of  paper,  whlcb  may  t>e  inclosed  In  onvclope  with  scbcdole;  but  each  sbeel  of  paper 
abould  have  ycui  name,  county,  State,  ind  post  office  address  written  plainly  Ihereou. 

7  It  is  important  that  reporters  meiJ  tbeir  reports  by  thti  date  indicated,  ns  the  report  of  the  Department  caa  not  be  del&yed  for  those  which  are  not  promptly  returned. 
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Figure  1 .— Tj-pical  monthly  schedule  or  questionnaire.  The  monthly  questionnaires  sent  to  crop 
reporters  diller  with  the  nature  of  the  information  sought  as  the  season  progresses.  In  October 
the  inquiry  chiefly  concerns  the  yields  of  crops.  For  those  crops  not  harvested  prior  to 
October  1,  the  reporter  necessarily  gives  his  idea  of  the  "probable  yield."  In  some  of  the 
States  and  for  those  crops  tlie  harvest  of  which  has  been  virtually  completed  the  report  is  on 
"  yield  per  acre  this  year  " 

estimate  can  be  derived  by  dividing  production  by  acreage.  This  is 
known  as  an  "individual  farm"  inquiry.  Since  the  crop  correspond- 
ents are  generally  better-than-average  farmers,  the  individual-farm 
returns  usually  show  a  higher  average  yield  per  acre  than  do  the  judg- 
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ment  inquiries.  These  individual-farm  inquiries  are  made  usually  in 
the  late  fall  after  harvest  is  over  for  practically  all  crops  except  corn. 

In  years  of  gonerall}'  good  yields  the  spread  between  the  yield  per 
acre  on  the  farms  of  crop  correspondents  and  the  average  for  all  farms 
in  the  State  is  probably  not  as  great  as  in  3^ears  of  low  average  3'ields 
because  the  crop  yields  of  the  better  farmers  are  not  so  likely  to  be 
affected  b}'  adverse  conditions  as  are  the  jdelds  on  either  marginal 
land  or  on  the  farms  of  less  skillful  farmers.  The  individual-farm 
inquiry  was  first  developed  and  used  as  a  check  on  the  judgment 
sample  during  the  eighties,  but  it  has  not  been  in  continuous  use, 
largely  because  of  its  ob\4ous  limitations. 

The  yields  derived  from  the  individual-farm  sample  may  be  used  in 
a  relative  sense,  when  their  limitations  are  understood,  as  indicating 
the  relative  change  in  yields  from  one  year  to  the  next;  thej^  are  espe- 
cially helpful  \\ith  winter  wheat  in  years  of  heavy  acreage  abandon- 
ment, ser\ing  as  a  means  of  estimating  production  mdependently  of 
yield  and  acreage  estimates.  In  1928,  for  example,  there  was  hea\^ 
abandonment  of  winter  wheat  in  the  eastern  Corn  Belt  States,  and 
considerable  land  on  which  winter  wheat  had  been  destroyed  was 
allowed  to  remain  unplowed  because  of  the  excellent  stand  of  new 
grass  seeding.  Many  fields  were  allowed  to  remain  without  being 
plow  ed  up  for  some  other  crop,  but  were  onl^-  partly  harvested.  This 
situation  made  extremely  difficult  the  determination  of  both  the 
actual  acreage  harvested  and  the  yield  per  acre  of  harvested  acreage. 
The  individual-farm  production  schedules  were  especially  helpful  in 
supplementing  the  returns  from  the  regular  judgment  inquiries. 

CENSUS  ENUMERATIONS 

In  the  years  for  w^hich  a  Federal  census  is  taken,  the  census  is 
available  as  a  third  source  of  infonnation  concerning  the  >ield  per 
acre  of  the  various  crops.  These  jields  are  derived  from  the  census  of 
acreage  and  production  through  dividing  the  latter  by  the  former. 
Unfortunately  the  Federal  census  is  not  taken  until  so  many  months 
after  harvest  that  this  information  is  sometimes  not  available  for  a 
year  or  two  after  the  specified  harvest  and  can  be  used  only  as  a  basis 
for  re\ising  the  yield  estimates  of  the  crop  year  to  which  the  census 
applies.  Should  only  the  fields  in  the  census  year  be  revised  on  the 
ba.sis  of  this  information,  which  is  available  every  5  or  10  years,  these 
estimates  for  the  census  year  would  not  be  comparable  with  the  esti- 
mates for  the  intervening  years. 

It  would  ai)})ear  on  first  thought  that  these  yields  as  derived  from 
the  census  data  would  serve  as  an  excellent  check  on  the  accuracy  of 
the  estimates  of  yields  made  by  the  Department  of  Agriculture,  and 
reveal  the  measure  of  the  discrepancy  between  the  results  of  an 
enumr'ration  and  estimates  based  on  sample  data.  Subsequent  inves- 
tigation will  show  that  several  circumstances  concerning  the  enu- 
nieratinn  of  acreage  and  production  must  be  taken  into  considera- 
tion when  closely  comparing  yields  as  deinved  from  the  census  data 
with  either  the  estimates  of  yield  ])er  acre  or  the  averages  of  original  . 
samjile  data  secured  from  the  crop  correspondents  of  the  department. 
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COMMERCIAL  CHECKS 

The  department  has  been  obtaining  commercial  checks  on  produc- 
tion, such  as  figures  shovvdng  cotton  ginnings,  car-lot  shipments  of  fruit 
and  vegetables,  shipments  and  mill-door  receipts  of  grain  and  flax  in 
the  spring-wheat  States,  and  auction  sales,  which  are  useful  as  indica- 
tors of  probable  production  during  harvest  and  as  a  basis  for  estimat- 
ing production  after  harvest.  The  field  or  State  statistician  gathers 
his  summer  information  concerning  acreage  changes,  production, 
yield  per  acre,  and  marketings,  from  farmers,  county  agents,  elevator 
men,  bankers,  and  others,  for  both  the  current  and  previous  year. 

PREPARATION  OF  THE  ESTIMATES 

The  returns  from  township  correspondents  are  tabulated  and  edited 
in  the  central  office  in  Washington.  The  returns  from  the  field-aid 
reporters,  and  from  the  combined  list  of  correspondents  in  those 
States  in  which  the  two  lists  have  been  merged,  are  tabulated  and 
edited  in  the  respective  State  field  offices. 

The  returned  questionnaires  (fig.  1)  are  usually  entered  on  large 
sheets,  by  counties  or  by  crop-reporting  districts.  This  organization 
of  the  observations  on  a  county  basis  is  of  material  assistance  in 
editing  and  checking  and  makes  possible  the  computation  of  averages 
bj^  counties.  After  the  returns  have  been  listed  and  carefully  edited, 
averages  are  computed  by  counties  in  the  field  offices,  and  by  crop- 
reporting  districts  in  the  central  office  in  Washington.  These  aver- 
ages of  crop-reporting-district  data  are  then  w^eighted  by  acreage 
weights  for  the  current  year's  crop  to  secure  a  weighted  average  yield 
per  acre  for  the  entire  State.  The  unweighted  or  straight  average 
(arithmetic  mean)  of  all  reports  for  the  State  is  also  calculated. 

At  harvest  time  the  field  statistician  in  each  State  carefully  sum- 
marizes the  sample  data  that  he  has  received  from  his  field-aid 
reporters  and  from  such  special  correspondents  as  mill  and  elevator 
managers  and  cotton  ginners.  From  observations  and  contacts  made 
during  travel  over  his  State,  and  in  the  light  of  many  years  of  experi- 
ence in  that  State,  he  considers  the  representativeness  of  the  sample, 
its  size,  and  the  possibility  of  bias,  and  arrives  at  an  estimate  of  the 
yield  per  acre  of  a  given  crop  for  the  State.  This  estimate  usually 
does  not  differ  materially  from  the  weighted  average  of  the  returns 
from  the  field  aids.  The  estimates  of  the  field  statistician,  and  the 
statement  of  the  district  and  State  averages  from  his  crop  correspond- 
ents are  mailed  to  the  Crop  Reporting  Board  in  Washington.  Com- 
ments concerning  the  weather  and  other  pertinent  factors  accompany 
these  data. 

These  reports  from  the  field  statisticians  to  the  board  are  divided 
into  two  classes,  the  A  reports  which  deal  with  corn,  wheat,  and  oats, 
and  the  B  reports  which  include  all  other  crops  except  cotton.  The 
reports  on  corn,  wheat,  and  oats,  from  States  in  which  these  crops  are 
of  very  minor  importance  from  a  national  standpoint,  are  included 
with  B  reports.  The  reports  on  cotton  are  handled  separately  from 
all  other  reports  and  are  released  a  day  or  two  prior  to  the  general 
report,  which  by  law  must  be  issued  not  later  than  the  10th  of  the 
month.  The  B  reports  are  mailed  directly  to  the  board  prior  to  the 
mailing  of  the  A  reports,  which  are  sent  directly  in  a  specially  marked 
A  envelope  to  the  Secretary  of  Agriculture.     The  A  envelopes  are 
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placed  immediately  in  a  safe  where  they  remain  locked  up  until  the 
morninfj  of  the  day  the  crop  report  is  released,  when  the}'  are  opened 
in  the  board  room. 

The  Crop  Reporting  Board  makes  its  estimates  of  the  A  crops 
behind  locked  doors  and  screened  windows,  and  imder  guard,  on  the 
day  of  the  release  of  the  general  crop  report.  The  cotton  report  is 
handled  in  the  same  manner  throughout  as  is  the  report  on  the  A 
crops.  At  a  specified  minute  copies  of  the  crop  report  are  laid  face 
down  beside  telephone  or  telegraph  instruments  through  which  news- 
paper reporters  assembled  for  the  purpose  may,  at  the  stroke  of  a 
bell,  transmit  the  details.  Thi'ough  relays,  the  report  is  available 
almost  instantaneously  at  any  point  in  the  world.  In  making  this 
report  the  Crop  Reporting  Board  considers  the  sample  data  from 
various  sources,  other  information,  and  the  estimates  submitted  by 
the  field  statisticians,  and  arrives  at  an  estimate  of  yield  per  acre  by 
States,  which  is  apphed  to  the  current  estimates  of  acreage  to  obtain 
an  estimate  of  production  by  States  and  for  the  country  as  a  whole. 

In  December,  when  the  final  estimates  of  acreage,  yield,  and  pro- 
duction for  the  current  year  are  made,  the  Crop  Reporting  Board 
reconsiders  all  information  obtained  since  the  harvesting  of  the  various 
crops,  that  concerns  the  yield  per  acre.  If  a  revision  of  the  yield  per 
acre  is  apparently  justified,  such  a  revision  may  then  be  made  in 
connection  mth  the  final  estimates  for  the  year.  The  following  year, 
in  connection  ^\•ith  the  July  report  or  the  December  report,  further 
re^'isions  may  be  made  if  convincing  evidence  of  need  has  appeared 
in  the  meantime.  The  final  check  of  car-lot  shipments,  mill-door 
receipts,  ginnings,  etc.,  sometimes  justifies  these  later  revisions  of 
yield  as  well  as  of  acreage. 

ADEQUACY  OF  SAMPLE  DATA 

THE   PROBLEM 

Present-day  economists  are  making  use  of  statistical  information 
to  a  greater  extent  than  ever  before  in  the  history  of  economic  thought. 
Research  workers  are  compelled  to  base  generalizations  upon  sample 
data  of  one  kind  or  another.  Even  when  statistical  series  that  have 
been  completely  enujnerated  over  a  period  of  years  are  used  as  a  basis 
for  relationship  studies  or  correlation  analysis,  the  data  for  the  years 
included  in  the  study  are  a  sample  of  only  a  few  years  taken  from  a 
universe  of  all  years  or  an  infinity  of  time.  There  are  always  the 
questions  as  to  whether  the  results  secured  for  the  limited  period 
under  observation  will  continue  to  be  applicable  in  future  years,  and 
whether  the  generalizations  that  ajiply  to  the  sample  really  apply  to 
cases  not  included  in  the  sample.  The  statistician's  basis  for  assuming 
that  a  generalization  concerning  the  average  yield  per  acre  of  a  crop 
from  sample  data  will  apply  to  the  cases  not  included  in  the  sample 
must  be  logically  developed. 

The  ordinary  methods  of  inductive  reasoning  are  used,  basing  the 
logif-al  processes  upon  statistical  data.  The  whole  practical  problem 
of  statistics  centers  on  the  validity  of  the  reasoning  process;  on  the 
validity  of  the  assumptions  upon  wliirh  this  type  of  inductive  reason- 
ing, known  as  statistical  induction,  is  based.  The  fundamental  as- 
suniptions  that  underlie  this  type  of  inductive  reasoning  may  be 
briefly  stated,  but  they  must  be  held  constantly  in  mind. 
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(1)  There  is  the  general  assumption  of  the  orderliness  and  uni- 
formity of  nature,  or  that  thei'e  is  some  finite  de^^ree  of  variation  in 
nature.  (2)  A  random  sample  with  all  observations  free  from  bias 
is  usually  assumed.  (3)  The  conclusions  from  sample  data  can  not 
be  absolute  and  must  consequently  be  expressed  in  terms  of  proba- 
bility, which,  however,  can  be  given  assignable  limits.  Any  develop- 
ment or  adaptation  of  the  general  theory  of  sampling  must  center 
about  these  fundamental  premises  to  statistical  inductive  reasoning. 
In  actual  practice  it  is  soon  discovered  that  a  random  sample  is  very 
difhcidt  to  obtain  and  may  be  actually  quite  misleading,  and  that  the 
observations  in  the  sample  are  subject  to  both  wide  errors  of  observa- 
tion and  bias. 

Can  a  sample  be  so  drawn  or  so  handled  that  it  will  reflect  the  situa- 
tion of  the  large  group  or  universe  of  inqiury  from  which  it  is  drawn? 
This  is  fundamentally  a  problem  in  "sampling"  in  its  broadest  and 
most  practical  application.  It  involves  a  comprehensive  statistical 
description  of  the  sample  data  upon  which  the  estimates  of  3deld  per 
acre  primarily  depend,  and  a  careful  consideration  of  the  problem 
of  statistical  induction  which  is  involved  when  an  estimate  is  made 
largelj^  on  the  basis  of  sample  data.  It  is  always  difficult  in  practice 
to  differentiate  sharply  between  these  fundamental  distinctions  in- 
herent in  the  theory  of  statistics.     As  Keynes  says  {9,  p.  377): 

The  first  function  of  the  theory  of  statistics  is  jDurely  descriptive.  It  devises 
numerical  and  diagrammatic  methods  by  which  certain  saHent  characteristics  of 
large  groups  of  phenomena  can  be  briefly  described.  *  *  *  The  second  func- 
tion of  the  theory  is  inductive.  It  seeks  to  extend  its  description  of  certain 
characteristics  of  observed  events  to  the  corresponding  characteristics  of  other 
events  which  have  not  been  observed.  This  part  of  the  subject  may  be  called 
the  Theory  of  Statistical  Inference. 

Later  Keynes  points  out  that  the  more  complicated  and  technical 
the  preliminary  statistical  investigation  becomes,  the  more  inclined  is 
the  statistician  to  mistake  the  statistical  description  for  an  inductive 
generalization.  Inductive  reasoning  tells  us  that  on  the  basis  of 
certain  evidence  a  certain  construction  is  reasonable,  not  that  it  is 
true.     Induction  depends  upon  experience  for  its  validity. 

Theoretically  the  making  of  an  estimate  of  crop  yields  involves, 
(1)  the  coUecting  of  sample  data  concernmg  yields  per  acre.  These 
data  are  tabulated  and  edited,  and  an  average  (which  is  one  of  the 
most  important  characteristics  of  a  sample)  is  computed.  (2)  The 
making  of  an  estimate  of  a  particular  crop  for  a  given  State  involves 
statistical  inference.  The  statistician  must  take  the  step  from  his 
sample  to  the  universe  of  inquiry,  that  is,  in  tliis  case,  from  the  average 
yield  per  acre  for  a  given  crop  as  shown  by  liis  sample  to  an  estimate 
of  yield  for  the  State  as  a  whole.  The  reliability  of  the  estimate  will 
depend  not  only  upon  the  reliability  and  adequacy  of  the  basic  sample 
data,  but  also  upon  the  statistician's  appreciation  of  the  assumptions 
involved  and  his  interpretation  of  the  indications  from  the  sample. 

The  statistician  does  not  willingly  accept  the  average  of  the  sample 
and  use  it  as  an  estimate  of  the  yield  per  acre  for  the  State  unless  he 
is  satisfied  (1)  that  the  universe  from  which  the  sample  was  drawn 
is  reasonably  homogeneous,  (2)  that  the  sample  is  fully  representative 
of  the  State  as  a  whole,  (3)  that  the  individual  observations  are  free 
from  bias  or  cumulative  error  of  any  kind,  and  (4)  that  the  sample 
itself  was  sufficiently  large  to  insure  a  high  degree  of  "precision" 
or  stability  in  the  average  obtained.     He  may  also  be  influenced  by 
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such  objective  information  as  cotton  ginnings  to  date  and  car-lot 
shipments,  which  indicates  to  some  extent  the  change  in  production 
from  tlie  previous  year  and  by  his  own  observation  and  contacts 
in  evaluating  the  sample  and  in  drawing  inferences  when  generaliz- 
ing from  the  sample  to  the  estimate  of  the  average  yield  for  the 
entire  State.  A  great  deal  of  the  information  and  experience  needed 
for  the  most  intelligent  interpretation  of  the  sample  can  be  obtained 
from  a  careful  statistical  analysis  of  similar  samples  collected  in  the 
same  manner  from  much  the  same  list  of  crop  correspondents  in 
previous  years.  These  samples  can  be  tested  for  various  kinds  of 
representativeness,  for  the  influence  of  size  of  sample,  and  even  for 
bias,  provided  check  data  are  available.  This  systematic  analysis 
of  several  previously  obtained  samples,  in  combination  with  a  full 
appreciation  of  the  current  situation,  forms  an  excellent  basis  for 
properly  evaluating  the  sample  data  and  consequently  insures  a  high 
degree  of  accuracy  in  the  estimates  themselves. 

It  is  possible  to  select  a  sample  that  will  reflect  the  situation  of  the 
large  group  from  which  it  was  drawn.  The  requirements  change 
with  the  objectives  or  the  purposes  for  which  the  results  of  the  sample 
are  to  be  used.  Consequently  one  of  the  first  considerations  in  ob- 
taining a  sample  of  any  kind  is  to  determine  the  particular  objective 
that  is  sought.  Of  the  four  general  objectives  of  sampling  in  the 
field  of  agricultural  economics,  as  outlined  b}^  the  advisory  committee 
on  research  methods  of  the  Social  Science  Research  Council,^  two 
seem  to  apply  most  definitely  to  the  samplijig  of  crop  jnelds  per  acre. 

The  first  is  to  obtain  an  accurate  description  of  conditions  exist- 
ing in  a  given  universe  of  inquiry.  Ideally  the  sample  should  be  a 
miniature  or  replica  of  the  universe  being  sampled. 

The  second  objective  is  to  obtain  a  measure  of  the  change  in  con- 
ditions taking  place  from  time  to  time  rather  than  an  exact  measure 
of  conditions  existing  at  any  one  time.  The  absolute  level  shown  by 
the  average  of  a  sample  may  be  too  high,  but  the  change  shown  by 
successive  samples  from  month  to  month,  or  year  to  year,  may 
accurately  represent  the  change  taking  place  in  the  universe  of  in- 
quiry. Constant  bias  or  constant  lack  of  representativeness  is  elim- 
inated when  data  from  two  samples  are  used  relatively.  Obviously 
a  saniple  which  would  be  a  miniature  of  the  whole,  taken  from  time 
to  time  would  also  reflect  accurately  the  change  taking  place  in  the 
universe  of  inquiry. 

In  sampling  for  crop  yields,  the  purpose  of  all  the  judgment 
inquiries  is  to  reahze  the  first  objective — a  miniature  or  replica  of 
the  universe  of  inquiry.  Each  observation  represents  the  reporter's 
judgment  concerning  yields  in  his  locality.  A  sample  is  wanted  that 
uill  give  the  true  average  yield  for  the  State  as  a  whole.  The  esti- 
mate of  crop  yield  per  acre  is  used  in  an  absolute  sense  when  it  is 
multii)lied  by  the  estimate  of  acreage  to  obtain  an  estimate  of  pro- 
duction for  a  given  crop.  The  requirements  are  much  more  rigid 
when  a  sanii)lo  is  to  be  used  in  an  absolute  sense,  than  if  the  objec- 
tive is  only  to  measure  change — the  second  objective. 

With  the  individual-farm  sample,  in  which  a  derived  yield  per 
acre  is  obtained  by  dividing  the  production  of  a  crop  by  the  acreage 
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on  which  it  is  grown  for  the  farms  in  the  sample,  the  purpose  is  pri- 
marily to  measure  change  in  conditions,  and  an  absolute  replica  of 
the  universe  of  mquiry  is  not  required.  Comparability  between  the 
two  successive  samples  is  essential  if  they  are  to  be  used  in  a  relative 
sense.  Complete  comparability  as  to  location  and  persons  repre- 
sented in  the  samples  for  two  successive  years,  can  be  secured  only 
when  the  returns  from  identical  farmers  are  compared.  Not  only 
may  higher  yields  be  expected  from  the  farms  represented  in  the 
sample  than  from  all  farms  in  the  State,  but  it  may  be  expected  that 
this  spread  will  not  be  constant  from  one  year  to  the  next.  This 
spread  probably  is  smaller  in  years  of  liigh  yields  than  in  years  of 
low  yields.  If  it  could  be  assumed  that  the  necessary  correction 
factor,  wliich  is  needed  to  convert  the  yields  from  the  sample  into 
average  yields  for  the  State,  would  remain  constant  from  one  year 
to  the  next,  then  the  two  samples  could  be  used  in  a  relative  sense, 
to  indicate  change. 

There  is  the  further  difficulty  of  finding  a  satisfactory  base  from 
which  to  depart  or  to  apply  the  indicated  change,  when  the  two 
samples  are  used  in  a  relative  sense.  Wlien  last  year's  estimate  of 
final  yields  is  the  result  of  other  and  better  samples  or  better  check 
data,  then  a  relative  indication  of  change  in  yield  can  be  utilized  with 
greater  confidence.  The  individual-farm  sample  is  at  best  only  a 
check  on  the  judgment  inquiry  and  serves  as  a  second  line  of  defense 
when  unusual  conditions  arise  and  the  evidence  is  conflicting. 

REPRESENTATIVENESS   OF   YIELD   SAMPLES 

In  using  the  judgment-inquiry  sample  with  the  objective  of  obtain- 
ing a  replica  of  the  universe  of  inquiry,  so  that  the  average  obtained 
from  it  may  be  used  in  an  absolute  sense,  the  sample  must  be  thorough- 
ly representative  of  the  entire  population  from  which  it  was  drawn. 
If  the  individual-farm  sample  is  used,  in  a  relative  sense,  with  the 
objective  of  measuring  changes  in  the  population  by  being  applied  to 
some  base  year  and  carried  along  from  year  to  year,  then  the  problem 
is  not  so  much  one  of  obtaining  fully  representative  samples  as  of 
obtaining  comparative  representativeness  as  between  the  samples 
that  are  to  be  compared.  In  tliis  ease  what  is  wanted  is  successive 
samples  from  year  to  year  which,  taken  collectively,  will  be  represen- 
tative of  the  change  taking  place  in  the  population  of  the  universe 
from  which  they  are  drawn. 

How  to  obtain  a  representative  sample  in  the  reaim  of  living  things, 
as  of  the  yield  per  acre  of  various  plants,  is  fundamentally  a  biological 
problem.  The  indi^ddual  observation  in  the  judgment  inquiry  is 
based  on  the  crop  reporter's  locaHty;  in  the  individual  farm-yield 
inquiry  it  is  based  on  his  own  farm.  Evidently  it  is  necessary  that 
the  sample  contain  observations  from  the  fuU  range  of  possible  yields 
either  by  localities  or  by  farms  for  a  given  crop.  All  known  differen- 
tiations of  the  universe  from  wliich  the  sample  is  drawn  should  be  given 
consideration,  and  provision  should  be  made  for  their  inclusion  within 
the  sample  and  in  so  far  as  possible  in  proportion  to  their  occurrence 
in  that  universe. 

Some  measure  of  the  geographic  representativeness  of  a  sample  can 
be  obtained  from  a  map  that  shows  in  detail  the  local  topography, 
geography,  soils,  etc.,  of  the  points  at  which  the  observations  were 
obtained.     On  both  the  township  and  field-aid  lists  the  reporters  are 
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distributed  by  towTiships,  and  it  is  possible  to  ascertain  the  townships 
not  lepresented  in  the  sample. 

The  importance  of  geographic  representativeness  depends  on  the 
extent  of  local  differentiation  in  crop  yields.  If  a  county  is  made  up 
of  townships  that  differ  considerably  as  to  topography,  soil  fertility, 
and  distance  to  shipping  points,  it  is  extremely  important  to  have  a 
report  from  each  township  in  order  to  obtain  a  sample  that  \\ill  be 
lepresentative  of  the  county.  On  the  other  hand,  if  there  is  as  great 
a  i-ange  of  3delds  w  ithin  the  township  as  over  the  county  it  is  not  neces- 
sary to  be  so  particular  concerning  the  distribution  of  reports  by  town- 
ships. The  same  reasoning  woidd  apply  to  counties  within  a  crop- 
reporting  district  or  in  the  State  as  a  whole.  Unless  there  is  geo- 
graphic differentiation  in  the  universe  of  incjuiry,  a  sample  from  one 
section  is  lilvely  to  show  about  the  same  yield  as  that  from  another. 

Wlicn  a  count}''  comprises  two  distinct  types  of  soil,  varying  greatly 
in  fertility,  as  may  happen  in  any  State  in  which  there  are  broad  rich 
bottom  lands  and  less  fertile  uplands,  it  is  of  the  utmost  importance 
to  have  the  sample  include  observations  from  localities  on  both  types 
of  soil  and  to  obtain  the  observations  in  about  the  same  proportion  as 
the  acreage  of  a  given  crop  in  these  two  localities.  If  a  crop  is  grown 
on  both  iiTigated  and  dry  land  in  the  same  coimty  or  towniship  it  is 
necessary  to  consider  the  low,  dry-land  yields  separately  from  the 
highei-  yields  obtained  on  the  irrigated  lands.  This  differentiation  is 
so  extreme  as  actually  to  result  in  two  different  universes.  If  the 
observations  from  both  dry-land  and  irrigated  localities  are  handled 
as  one  sample  it  will  be  found  that  the  observations  arrange  them- 
selves into  two  distinct  modal  groups.  Consequently  there  is  no 
tendency  towaixl  a  piling  up  of  the  observations  at  some  central  point, 
which  is  essential  if  the  average,  as  computed,  is  to  have  statistical 
significance.  A  weighted  average  for  the  State  can  be  obtained  by 
using  estimates  of  the  acreage  of  the  crop  grown  under  irrigation  and 
of  the  acreage  grown  on  dry  land  as  weights.  This  method  was  used 
in  all  the  far  Western  States  for  the  first  time  in  1929. 

The  c)-op-reporting  districts  (fig.  2)  do  tend  to  group  the  coimties 
into  disti'icts  that  may  differ  considerably  in  the  factors  that  influence 
yields  per  acre  of  a  given  crop.  A  number  of  State  statisticians, 
have  effected  improvement  in  handling  their  sample  data  by  regroup- 
ing the  counties  into  more  homogeneous  crop-reporting  districts  than 
were  obtained  imder  the  original  rigid  system  of  rune  districts  per 
State.*^ 

Tt  would  be  ideal  if  the  sample  could  be  selected  in  such  a  way  that 
tlic  nund)er  of  reports  would  be  proportional  to  the  acj-eage  of  the 
cj'op,  township  by  township  within  the  county,  and  county  by  county 
within  the  State.  The  present  system  of  distributing  the  reporters 
by  townships  tends  to  })ring  this  about.  The  representativeness  of 
the  SMiiiph'  is  finthcr  imjjroved  by  the  method  of  weighting  the  average 
yield  obtained  in  each  crop-i'epoj-ting  district  by  the  acreage  of  that 
crof)  in  that  distiict,  thus  obtaining  a  weighted  average  yield  for  the 
State.  'IMie  closeness  with  which  the  unweighted  or  stj-aight  avej'age 
(aritliMietic  iiumu  of  nil  the  reports)  checks  with  the  weighted  average 
foraState  indicates  whetherornot  the  sample  is  distributed  as  between 
crop-reporting  districts  in  about  the  same  proportion  as  thecrop. 

'  The  orlKlrmI  syslcfn  was  mloptiH]  from  the  groupini?  of  coiintio.s  niadi;  by  the  Post  Ollico  Depurtnient 
which  (JIvldt'B  II  Stnli'  Into  nine  fllslrlcts— northwestern  district,  north-central,  northeastern,  wesl-ceutral, 
central,  eust-wntral,  southwestern,  south-central,  and  southeastern. 
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Under  some  conditions  this  method  of  weighting  effects  marked 
improvement  in  representativeness,  as  in  the  case  of  cotton  yields  in 
Mississippi,  Vi^iere  it  is  much  more  difficult  to  obtain  reports  from  the 


large  plantations  in  the  Delta  counties  than  from  the  farms  in  the 
much  lower  yielding  counties  on  the  upland.  Weighting  a  crop  by 
irrigated  and  dry-land  acreage  materially  improves  the  representa- 
tiveness of  the  yield -per-acre  sample. 

lOtuSC^— 32 2 
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With  highly  locaUzed  crops,  especially  wdth  fruits,  commercial 
vegetables,  and  certain  minor  crops  (such  as  potatoes,  beans,  peanuts, 
or  tobacco  in  certain  States),  it  is  necessary  to  average  and  weight  by 
counties;  with  a  crop  Uke  beans  it  may  be  necessary  to  weight  by 
varieties  or  types  as  well  as  by  counties,  in  order  to  obtain  a  sample 
that  is  representative  of  the  universe  of  inquiry.  From  the  stand- 
point of  geographic  representativeness  it  is  of  the  utmost  importance 
that  the  State  statistician  be  thorouglily  familiar  ^\dth  the  agriculture 
of  his  State  in  order  that  he  may  be  in  better  position  to  evaluate  the 
representativeness  of  his  sample  data.  His  travel  over  liis  State  fits 
him  to  appraise  reports  that  are  not  reasonable  for  a  given  locality. 

Judgment  inquiries  require  a  sample  selected  in  such  a  way  that 
the  reporting  locahties  will  represent  the  county,  district,  or  State. 
So  far  as  the  representativeness  of  the  crop  reporters  estimate  for  his 
locality  is  concerned,  there  is  little  opportunity  to  test  the  sample. 
Individual  differences  in  yield  exist  as  between  fields  on  the  same  farm 
and  farms  in  the  locality.  With  this  type  of  inquiry  it  is  necessary 
to  reh'  solely  on  the  crop  reporter's  judgment  concerning  his  locahty, 
trusting  that  errors  in  all  the  judgment  estimates  may  be  compensat- 
ing when  the  sample  is  of  sufficient  size.  It  is  also  possible  that  what 
is  later  designated  in  this  study  as  "bias,"  in  the  observations  them- 
selves, is  in  fact  due  in  part  to  the  inabilit}^  of  the  crop  reporter  under 
certain  conditions  to  make  an  estimate  that  is  truly  representative  of 
his  locality. 

With  the  judgment  samples  of  yield  per  acre  it  is  necessary  to 
assume  that  (1)  the  reporter's  estimate  is  representative  of  his  local- 
ity, (2)  the  localities  from  wliich  reports  are  received,  are  also  repre- 
sentative, (3)  the  localities  from  wliich  estimates  are  received  do  not 
overlap  sufficiently  to  give  undue  weight  to  any  one  section  of  the 
State,  and  (4)  the  observations  in  the  sample  as  reported  are  distributed 
proportionately  to  the  acreage  of  the  crop  being  sampled  both  vrithin 
the  county  and  in  each  crop-reporting  district.  Weighting  jdeld-per- 
acre  sample  data  of  the  major  crops  by  counties  changes  the  weighted 
average  for  the  State  so  little  from  what  it  is  when  weighted  by  crop- 
reporting  districts  that  the  additional  labor  usually  is  not  justified. 
With  minor  crops  grown  largely  in  certain  counties  (such  as  rye  in 
Wisconsin  and  potatoes  in  many  States)  weighting  on  a  county  basis 
is  necessary  in  order  to  obtain  a  representative  sample. 

With  the  individual-farm  sample  of  yield  the  problem  of  repre- 
sentativeness applies  to  the  farm  as  a  unit  and  hence  becomes  a  much 
more  complicated  problem  than  in  the  case  of  the  judgment  reports 
for  whole  localities.  Not  only  is  geographic  representativeness  just 
as  funrlaniontal  as  with  the  judgment  inquiry,  but  there  is  the  addi- 
tional problem  of  selecting  farms  that  are  really  representative  of  the 
different  farms  and  farmers  found  in  a  county,  district,  or  State. 

When  the  individual  farm  is  taken  as  the  unit  of  observation,  prior 
experience  with  agrinilture  suggests  that  there  are  many  possible 
sources  of  did'erentitition.  Yields  may  ])e  higher  on  owner-operated 
than  on  tenant-operated  farms,  on  small  farms  intensively  operated 
than  on  large  extensive  farms,  on  farms  where  hvestock  is  highly 
important  than  on  farms  whei-e  cash  crops  are  grown.  Better  yields 
might  also  be  expected  on  the  farms  of  the  more  intelligent  and  public- 
spirited  farmers  such  as  those  who  are  willing  to  serve  as  voluntary 
crop  reporters.     If  weighting  the  sample  by  counties  or  crop-reporting 
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districts  improves  its  geographic  representativeness,  it  is  equally 
logical  to  divide  the  sample  on  the  basis  of  other  well-known  differ- 
entiations (such  as  size  of  farms,  method  of  farm  operation,  etc.)  that 
may  be  associated  mth  yield  per  acre.  Averages  can  be  computed 
for  these  subdivisions  of  the  sample  and  weighted  by  the  importance 
of  the  crop  in  each  subdivision  to  obtain  a  weighted  average  either 
for  the  crop-reporting  districts  or  for  the  State. 

This  division  of  the  sample  into  subdistricts  is  called  ''stratifica- 
tion.'" To  insure  comparability  between  the  averages  of  two  samples 
made  up  of  individual  farms  taken  at  dift'erent  times  and  used  as 
relatives  to  indicate  change  in  the  universe  of  inquiry  from  one 
inquiry  to  the  other,  it  is  important  that  the  sample  be  stratified  (on 
the  basis  of  any  factor  that  may  be  related  to  the  yield  per  acre,  such 
as  size  of  farm,)  and  that  the  same  weights  be  used  in  computing  the 
average  for  each  of  the  two  samples.  If  there  is  a  relationship 
between  size  of  farm  and  yields  per  acre  the  sample  should  be  weighted 
on  the  basis  of  size  of  farm.  This  is  especially  true  with  individual- 
farm  reports  on  acreage  used  in  a  relative  sense.  The  use  of  a  rela- 
tive indication  from  two  samples  obtained  from  the  same  farmers  for 
both  years  insures  comparability  without  the  necessity  of  stratifica- 
tion. The  interpretation  of  a  relative  indication  of  change  from  two 
samples  that  are  comparable  depends  on  the  statistician's  judgment 
concerning  how  well  the  sample  reflects  the  change  that  has  actually 
taken  place  for  the  State  as  a  whole. 

This  is  a  somewhat  dift'erent  problem  from  the  one  presented  by 
a  definite  shift  in  the  geographic  distribution  of  the  crop.  ^  In  case  of 
such  a  shift  it  would  be  necessary  to  use  new  weightings  in  order  to 
obtain  an  accurate  estimate  of  yield  for  the  whole  area  under  consider- 
ation. 

METHODS  OF  SELECTING  A  KEPRESENTATIVE  SAMPLE 

The  question  of  representativeness  is  of  vital  importance  in  sam- 
pling. Pearl  (12)  in  considering  the  geograpliic  selection  of  observa- 
tions in  sampling  says: 

The  whole  universe  dealt  with  covers  a  certain  area.  To  get  a  representative 
sample  it  will,  therefore,  be  necessary  to  lay  down  over  the  whole  area  an  imagi- 
nary network,  in  which  all  the  meshes  are  of  equal  and  not  too  large  area,  and 
then  draw  a  sample  relative  to  the  other  differentiations  from  within  each  mesh. 

The  selection  of  a  reporter  from  each  to^vnship  for  the  townsliip 
list  of  crop  correspondents  and  another  for  the  field-aid  list  is  practi- 
cally what  Pearl  suggests  doing.  In  most  statements  concerning  the 
selection  of  a  sample  that  will  be  representative  of  the  universe  of 
inquiry  great  emphasis  is  placed  on  obtaining  a  perfectly  random 
sample.  In  fact,  any  departure  from  random  selection  is  presumed 
to  result  in  a  sample  that  would  be  useless  because  it  would  not  be 
representative.  If  the  sample  is  not  representative  it  would  be  biased 
and  not  trustworthy.  The  term  "bias"  is  not  used  in  tliis  study  to 
indicate  a  sample  that  is  not  representative  of  universe  of  incjuiry, 
but  it  is  reserved  for  the  more  specific  use  of  referring  to  the  non- 
compensating  errors  of  the  individual  observations  themselves. 

Although  random  selection  is  the  foundation  of  all  sampling  theory, 
certain  departures  or  improvements  can  be  effected  that  will  insure 
a  sample  not  only  more  representative,  but  more  stable  than  one 
selected  purely  on  the  basis  of  randomness.  The  limitations  of 
random  selection  are  well  illustrated  in  dealing  four  hands  of  cards  in 


20  TECHNICAL   BULLETIN    311,  U.  S.  DEPT.  OF  AGRICULTURE 

auction  bridge.  Each  hand  of  13  cards  is  a  random  sample  made  up 
of  25  per  cent  of  the  52  cards  and  yet  one  player  may  get  a  hand  worth 
sevenil  times  as  much  as  the  hand  of  some  other  player  from  the 
standpoint  of  taking  tricks.  The  composition  of  this  especially  good 
hand  is  not  at  all  representative  of  the  whole  deck  of  cards.  Bowley 
(2)  suggests  four  methods  that  may  be  used  in  selecting  a  representa- 
tive sample,  beginning  of  course  with  random  selection.  These 
methods  are: 

RANDOM    SELECTION 

Random  selection  is  usually  known  as  "simple  sampling."  A 
sample  is  found  in  such  a  wa}'^  that  every  one  of  the  individuals  in  the 
imiverse  of  inquiry  has  the  same  chance  of  being  selected  in  the  sample, 
and  that  the  selection  of  a  particular  indi^ddual  does  not  influence  the 
chance  of  selecting  some  other  individual.  This  corresponds  to 
selection  on  the  basis  of  a  lotter3^  There  are  various  approaches  to 
random  selection  that  do  not  completely  fulfill  the  requirements, 
such  as  every  tenth  farm  along  a  road.  Returns  must  be  made 
compulsoiy,  otherwise  the  sample  is  from  onh^  those  who  are  willing 
to  reply.  With  individual-farm  returns  from  crop  reporters  the 
sample  is  selective  of  the  better  type  of  farmers. 

STRATIFIED    RANDOM    SELECTION 

For  stratified  random  selection  the  universe  is  subdivided  into 
districts,  geographically  as  crop-reporting  districts  (or  on  the  basis  of 
some  variable  as  size  of  farm,  tenancy,  nati\dty  of  farmers),  and  a 
number  of  observations  are  taken  at  random  in  each  district. 
Bowley's  original  concept  of  stratified  random  selection  imphed  that 
the  same  size  of  sample  should  be  selected  from  each  stratum  or 
district  and  that  all  strata  or  districts  should  be  of  equal  importance. 
^Vlien  a  sample  is  selected  in  this  manner  it  is  designated  as  a  pro- 
portionately stratified  sample  to  distinguish  it  from  the  samples 
obtained  by  the  method  used  in  crop-estimating  work,  in  which  it  is 
impossible  ordinarily  to  select  in  exact  proportion  to  the  acreage  in 
each  district  or  to  have  the  districts  all  of  equal  weight.  In  obtaining 
a  sample  in  crop  estimating,  the  State  is  di%aded  into  districts,  and  the 
average  of  each  district  is  weighted  by  the  acreage  of  that  crop  in  the 
district — a  method  which  \\-ill  be  termed  "weighted  stratified 
selection." 

PURPOSIVE    SELECTION 

The  term  Purposive  Selection  denotes  the  method  of  selecting  a  number  of 
groups  of  units  in  such  a  way  that  the  selected  groups  together  yield  as  nearly  as 
possible  the  same  averages  or  proportions  as  the  totality  with"  respect  to  those 
characteristics  which  arc  already  a  matter  of  statistical  knowledge  (3). 

When  a  sample  is  secured  by  the  "purposive  method,"  groups  of 
observations  are  deliberately  selected  by  the  statistician,  the  principle 
of  randomness  being  entirely  disregarded.  The  judgment  of  the 
statistician  is  substituted  for  impartial  chance,  or  the  mechanical 
principle,  in  the  selection  of  the  sample.  The  objective  is  to  select  a 
sample  that  will  have  the  same  characteristics  as  the  whole  universe 
of  irHpiirv. 

In  selecting  these  areas  or  gr()U])s  of  units  for  the  sample  the  stat- 
istician uses,  as  far  as  possible,  criteria  or  controls  which  relate  to  the 
field  of  inrpiiry.  Controls  are  factors  which  are  known  for  both  the 
sample  and   the   universe  of  inquiry,   and   are  correlated  with   the 
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unknown  quantities  that  are  being  investigated.  Such  areas  are 
selected  as  will,  in  their  aggregate,  give  the  same  results  in  respect  to 
these  control  factors  as  does  the  universe. 

STKATIFIED    PURPOSIVE    SELECTION 

Purposive  selection  can  be  made  on  the  basis  of  a  stratified  sample. 
Take  for  example  the  partial  or  sample  census  of  agriculture,  which  has 
been  proposed  as  a  means  of  obtaining  a  reliable  indication  of  change 
in  acreage  of  the  various  crops  from  one  year  to  the  next.  The 
selectivity  of  d  voluntary  sample,  which  covers  only  the  farms  operated 
by  farmers  who  are  willing  to  report,  would  be  entirely  overcome  by 
a  compulsory  and  complete  enumeration,  year  by  year,  of  all  the 
farms  wdthin  a  number  of  specified  enumeration  districts  distributed 
over  the  State.  With  the  selectivity  of  the  best  farmers  eliminated, 
the  remaining  problem  is  to  select  districts  geographically  repre- 
sentative of  the  differentiation  existing  over  the  entire  State  or  county, 
constituting  the  universe  of  inquiry. 

The  objective  would  be  to  obtain  a  sample  made  up  of  a  number  of 
enumeration  districts,  wliich  would  be  a  replica  of  the  universe  of 
mquir}^  so  far  as  important  factors  taken  as  controls  are  concerned. 

The  more  nearly  the  sample  is  a  rephca  of  the  universe  of  inquir}^  in 
the  year  of  the  census,  the  more  it  would  tend  if  enumerated  each 
year,  to  reflect  the  changes  in  acreage  of  the  various  crops  from  year 
to  3^ear.  A  tabulation  by  enumeration  districts  of  selected  control 
items  from  the  census  schedule  would  render  these  items  available 
for  both  the  enumeration  districts  and  the  universe  as  a  whole  in  the 
year  of  the  census.  By  a  method  of  sorting  and  subsorting  these 
enumeration  districts,  it  would  be  possible  to  select  a  sample  made  up 
of  such  districts  which  would  proportionately  represent  the  differ- 
entiation of  these  control  items  throughout  the  universe  of  inquiry, 
and  by  the  judicious  use  of  "trial  and  error"  in  the  selection  of 
individual  districts,  the  averages  of  the  sample  for  these  control 
items  could  be  made  to  approach  very  closely  to  the  averages  for  the 
universe  of  inquiry. 

In  choosing  the  control  items  from  the  census  schedule,  as  a  basis  for 
rendering  the  sample  a  replica  of  the  universe  of  inquiry  in  the  year  of 
the  census,  such  factors  as  might  have  the  highest  correlation  with 
changes  in  acreage  and  the  least  intercorrelation  between  themselves 
should  be  selected.  This  selection  would  be  based  on  a  priori  reason- 
ing until  sample  surveys  for  two  or  more  years  were  available  for 
determining  just  what  factors  in  the  farm  organization  are  correlated 
with  changes  from  year  to  year  in  acreages  of  various  crops.  The 
individual  farms  secured  by  the  sample  census  for  two  consecutive 
years  would  be  used  as  the  units  of  observation  in  such  a  study  of 
relationships.  The  factors,  which  might  be  determined  tentatively, 
should  include  the  acreage  in  the  farm  and  in  each  of  the  various 
crops,  as  well  as  such  factors  as  the  number  of  milk  cows  and  other 
classes  of  livestock,  proportion  of  tenants,  nativity  of  farm  operators, 
value  of  land  and  buildings,  and  proportion  of  produce  sold 
cooperatively. 

A  simple  arithmetical  test  for  representativeness  may  be  appKed  to 
any  sample  when  the  totals  for  the  entire  district  or  State  are  known. 
The  percentage  relation  of  the  sum  of  each  of  the  items  or  control 
factors  in  the  sample  to  the  total  of  each  for  the  complete  census 
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enumeration  is  determined.  That  is,  if  the  sample  contains  5  per 
cent  of  the  land  in  farms  in  the  State,  does  it  also  contain  5  per  cent  of 
the  acreage  of  corn,  wheat,  oats,  hay,  and  other  crops  grown  as  well  as 
5  per  cent  of  the  milk  cows,  of  the  number  of  tenants,  of  the  native- 
born  farm  operators,  and  other  factors?  The  more  nearly  all  the 
factors  approach  a  given  percentage,  the  more  nearly  representative 
is  the  sample,  provided  the  frequency  distribution  of  these  factors 
within  the  sample  also  approaches  the  distribution  within  the  universe 
of  inquiry. 

If  this  test  is  satisfactorily  met  by  a  sample  of  indi^^dllal  farms 
selected  at  random,  it  is  reasonable  to  assume  that  the  frequency 
distribution  of  the  sample  corresponds  closely  to  that  of  the  entire 
universe.  When  applied  to  a  sample  of  enumeration  districts 
obtained  by  purposive  selection,  it  is  important  that  enumeration 
districts  be  selected  in  proportion  to  the  frequency  distribution  of  the 
universe  of  inquiry.  This  simple  test  is  especially  helpful  in  checking 
up  on  the  representativeness  of  a  sample  regardless  of  the  method  of 
selection  used. 

If  the  county,  rather  than  the  State,  is  used  as  the  basis  for  crop 
and  livestock  estimates,  enumeration  districts  much  smaller  than 
those  used  by  the  census  would  be  necessary  in  order  to  cover  the 
differentiation  that  exists  witliin  a  county.  In  Alabama,  where  a 
sample  census  has  been  taken  for  several  years,  several  routes  over 
each  comity  have  been  selected,  and  the  farms  along  these  roads  are 
enumerated  each  year. 

This  method  of  purposive  selection  has  been  used  in  several  of  the 
Scandinavian  countries  (6,  7,  S)  for  more  than  20  years,  with  excel- 
lent results,  as  a  means  of  estimating  crop  acreage  and  production. 
It  is  much  more  reliable  than  any  system  based  on  voluntary  crop 
correspondents  and  much  more  timely  and  inexpensive  than  a 
complete  enumeration. 

With  Bowley's  classification  of  methods  in  mind,  the  judgment 
inquiry  on  crop  yields  may  be  designated  a  "stratified  voluntary- 
judgment  sample  of  crop  yields  per  acre."  The  sample  is  not  ran- 
dom, nor  does  it  fall  under  the  heading  of  purposive  selection,  as 
returns  are  only  from  those  who  are  wiUing  to  reply.  The  statement 
apphcs  efpially  well  to  the  individual-farm  yield  sample.  On  the 
other  hand,  the  samples  may  be  considered  as  liiglily  stratified,  and 
with  major  crops  the  returns  are  closely  proportional  to  the  miport- 
ance  of  the  crop.  The  breaking  up  of  the  State  into  crop-reporting 
districts  is  a  form  of  stratification.  The  use  of  the  weighted  State 
averages  is  an  excellent  and  ])ractical  substitute  for  "proportional 
stratification."  Instead  of  having  a  random  sample  within  the  dis- 
trict, the  sample  is  further  stratified  because  of  the  fact  that  the 
reports  received  are  distjibuted  by  townships.  The  use  of  county 
or  district  weights  helps  to  improve  the  geograpliic  representativeness 
by  distributing  the  mfluence  of  the  sample  in  proportion  to  the 
acreage  of  tlie  crop.  The  in  dividual -farm  sample  by  contrast  may 
be  designated  a  "stratified  voluntary  indi%ddual-farm  sample  of 
acreage  and  production,"  from  which  crop  yields  per  acre  may  be 
derived. 

Voluntarv  reporters  may  be  iunuonced  toward  making  high  esti- 
mates of  vield  |)cr  acre  by  the  higher  yields  obtained  on  their  own 
farms.     I'his  tendency  may  be  further  accentuated  by  the  fact  that 
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it  is  always  easier  to  secure  reporters  in  the  better  farming  localities 
than  in  the  marginal  localities  of  a  county  or  crop-reporting  district. 
This  limitation  of  lack  of  representativeness  is  serious  with  all  the 
sampling  work  of  the  department.  In  making  estimates  this  factor 
is  considered  and  allowed  for  in  so  far  as  it  is  possible  to  do  so  with- 
out adequate  check  information.  The  use  of  purposive  selection  as 
a  method  of  making  a  sample  census  would  eliminate  this  kind  of 
selecti^dty  wliich  is  due  to  the  voluntary  nature  of  the  reports,  as  a 
sample  census  of  representative  districts  would  include  all  of  the 
fanners  in  a  given  district.  It  then  would  be  a  problem^  of  selecting 
a  sample  that  is  geographically  representative  of  the  agriculture  of  a 
State.  A  careful  and  intelhgent  appKcation  of  the  principles  of 
stratified  purposive  selection  as  suggested  by  Bowley  and  herein 
developed,  would  go  a  long  way  tow^ards  obtaining  a  really  repre- 
sentative sample  of  American  agriculture  that  would  reflect  changes 
in  the  acreage  of  various  crops  and  numbers  of  livestock  on  farms 
from  year  to  year  and  serve  as  a  partial  check  on  the  yield-per-acre 
samples  and  furnish  other  valuable  statistical  data  of  high  economic 
value. 

ERRORS   ENCOUNTERED   AND   THEIR   TREATMENT 

From  a  statistical  point  of  view  there  is  a  distinction  between 
mistakes  and  errors.  Mistakes  arise  from  carelessness  or  incom- 
petency in  transcribing  and  reading  figures  or  from  numerical  mis- 
takes in  computation.  The  only  safe  assumption  in  regard  to  com- 
putation is  that  mistakes  are  bound  to  occur  and  a  system  of  check- 
ing is  always  necessary.  The  general  policy  of  the  Division  of  Crop 
and  Livestock  Estimates  is  to  have  all  original  computations  of 
sample  data  verified  by  a  second  computer  and  the  corrections 
verified  by  the  original  computer.  The  calculations  that  are  used 
on  the  day  of  the  issuance  of  the  report,  in  computing  production 
from  acreage  and  yield  indications,  are  always  carefully  reviewed 
by  one  or  more  members  of  the  Crop  Reporting  Board.  Even  with 
these  precautions  an  occasional  mistake  is  made;  it  is  usually  found 
soon  after  the  release  of  the  report,  and  the  corrected  figure  is  given 
wide  distribution.  In  a  field  office  there  are  times  wdien  the  pressure 
of  work  for  a  crop  report  becomes  so  great  that  it  is  impossible  to 
verify  all  computations.  A  comparison  of  county  averages  by  the 
statistician  who  is  thoroughly  familiar  with  the  State  serves  as  an 
effective  preliminary  check,  ^lien  the  vast  number  of  the  calcula- 
tions made  under  liigh  pressure  is  considered  it  is  surprising  how  fev/ 
mistakes  actually  occur. 

A  comparison  of  the  weighted  and  unweighted  averages  serves  to 
show  the  presence  of  mistakes  in  computation.  If  the  two  check 
closely  then  the  probabihty  of  a  mistake  is  not  high.  If  they  do  not 
check  closely  either  there  is  a  rational  explanation  of  the  difference  or 
a  mistake  has  been  made.  If  the  number  of  reports  is  not  in  propor- 
tion to  the  weights  and  there  is  considerable  difference  between  dis- 
trict averages  then  a  high  district  average  with  a  large  weight  will 
tend  to  make  the  weighted  average  higher  than  the  unweighted 
average;  the  opposite  situation  would  result  in  a  weighted  average 
below  the  unweighted. 
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PREVENTABLE  ERRORS 


Errors  are  encountered  in  sample  data;  some  types  of  error  may  be 
prevented,  but  all  must  be  corrected  in  so  far  as  possible.  Mis- 
understanding of  the  question,  or  of  the  definition  attached  to  the 
question,  is  a  frequent  source  of  error,  especially  in  the  case  of  ques- 
tionnaires handled  by  mail;  such  mistakes  may  be  serious  even  when 
a  schedule  is  filled  out  by  a  paid  but  inadequately  instructed  enum- 
erator. Carefully  preparing  the  questionnaire  and  testing  the  inquiry 
in  a  limited  way  will  enable  the  statistician  to  avoid  many  of  these 
sources  of  misunderstanding.  Frequently  the  condition  or  the  quality 
of  the  crop  is  reported  when  yield  has  been  requested.  If  the  condi- 
tion or  quality  is  between  50  and  100  and  yields  per  acre  are  not 
running  over  25  to  40  bushels,  it  is  comparatively  easy  to  detect 
these  mistakes  or  eiTors  on  the  part  of  the  crop  reporter  and  delete 
the  offending  figures  before  the  averages  are  calcidated. 

The  yield  of  corn  is  measured  and  consequently  reported  in  three 
different  units:  (1)  By  the  standard  bushel,  equivalent  to  56  pounds  of 
shelled  corn,  in  the  Corn  Belt  States,  (2)  by  the  bushel  basket  of  ear 
corn,  actually  one-half  a  standard  bushel,  in  parts  of  New  York, 
Pennsylvania,  and  New  England,  and  (3)  by  the  barrel  of  5  standard 
bushels  in  sections  of  Maryland.  The  remedy  for  such  a  situation 
is  to  ask  for  the  yield  per  acre  of  corn  in  all  three  units  of  measure, 
side  by  side  on  the  same  inquiry.  Fundamentally  the  problem  is  to 
know  in  what  terms  the  farmer  usually  thinks  and  then  ask  the  ques- 
tion in  those  terms.  Difficulty  arises  because  the  same  questionnaire, 
for  reasons  of  economy,  must  be  used  in  several  States. 

When  the  yield  of  "all  tame  hay"  is  included  on  the  schedule  as 
one  question,  the  average  obtained  in  most  States  is  likely  to  be  lower 
than  when  the  yield  is  asked  by  varieties  and  the  average  for  each 
variety  is  weighted  by  the  acreage  of  that  variety.  The  farmer  does 
not  always  include  the  higher  per  acre  yield  of  alfalfa  in  his  estimate 
for  all  tame  hay.  His  definition  of  all  tame  hay  is  not  the  same  as  the 
one  used  by  the  dej)artment.  During  recent  years  this  situation  has 
been  corrected  by  obtaining  yields  by  varieties  on  a  special  question- 
naire late  in  the  fall  after  all  the  hay  crops  are  liarvested. 

Asking  questions  concerning  facts  upon  wliich  the  informer  has  no 
definite  information  is  not  only  useless  work,  but  it  tends  to  create 
prejudice  against  t lie  entire  crop-reporting  service.  It  is  impossible, 
lor  examijle,  to  obtain  accurate  information  in  most  States  as  to  the 
total  quantity  of  milk  produced,  or  total  number  of  eggs  laid,  during 
the  [H-evious  year  or  of  changes  in  acreage  of  the  various  crops  in  the 
locality  from  year  to  year.  Unless  the  farmer  has  sold  fluid  milk  and 
has  a  statement  of  what  he  sold  each  month  he  is  likely  to  be  inlluenced 
by  the  niore  recent  production  on  his  farm.  It  is  better  to  repeat 
(ho  inquiry  penodically  and  limit  the  estimate  to  a  day  or  a  week. 

it  is  surprising  to  observe  in  how  many  ways  different  imlividuals 
will  reply  to  a  question  concerning  their  estinuites  of  the  yield  per  acre 
for  a  hypothetical  case  that  is  fully  described  to  them  as  a  group.  It 
is  small  wonder  that  i)rinted  instructions  are  sometimes  misread, 
espe(^ially  if  a  man  is  tired  from  a  hard  day's  work  in  the  liarvest 
field.  The  stalisliciiin  must  be  able  to  devise  a  (luestionmiire  lluitis 
direct,  straightforward,  and  readily  understood,  and  he  must  be  on 
the  alert  to  deled  reported  figures  that  are  apparently  the  result  of 
misunderstanding  the  question. 
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COMPENSATING  ERRORS 

The  worker  in  the  physical  laboratory  knows  that  there  is  no  such 
thing  as  an  absolutely  exact  measurement.  When  an  object  is  meas- 
ured repeatedly  and  with  the  greatest  care  the  results  are  not  identi- 
cal. The  most  probable  value  may  be  obtained  by  averaging  the 
results  of  a  number  of  observations  provided  the  errors,  or  differences, 
of  the  separate  observations  are  accidental  and  tend  to  balance  each 
other.  These  compensating  errors  are  spoken  of  as  errors  of  observa- 
tion. As  Pearson  (73)  says:  "In  most  cases  our  knowledge  does  not 
wait  upon  certainty,  but  is  described  in  terms  of  probability  which 
maj'^  approach  certainty." 

Chaddock  (4,  p.  212)  describes  the  origin  of  the  probable  error 
concept,  as  follows: 

Gauss  made  repeated  observations  of  the  same  phenomenon,  as  the  diameter 
of  a  heavenly  bodj'  in  order  to  increase  the  accuracy  of  the  obseivations  by 
averaging.  He  noted  the  distribution  of  these  measurements  to  be  in  a  symmet- 
rical or  bell-shaped  form  about  the  average  or  most  probable  value.  Their  dis- 
tribution may  be  characterized  as  follows: 

(1)  Small  deviations  from  the  mean  were  more  frequent  than  large. 

(2)  Positive  and  negative  deviations  were  about  equally  frequent. 

(3)  Extremely  large  deviations  did  not  occur. 

He  observed  this  arrangement  to  be  in  accord  with  the  usual  distribution  of  chance 
events  and  described  the  resulting  frequency  curve  by  a  mathematical  equation. 

The  standard  error  and  probable  error  ^  were  developed  originallj^ 
as  measures  of  these  accidental  and  compensating  errors  of  observa- 
tion. The  standard  error  measures  the  distance,  plus  and  minus,  from 
the  average,  within  wdiich  approximately  two-thirds  of  the  observa- 
tions (measurements)  fell;  the  probable  error  includes  one-half  of  the 
observations. 

Errors  of  observation  are  common  in  all  scientific  measurement. 
They  occur  in  all  statistical  data  whether  in  a  complete  enumeration, 
or  a  registration,  or  a  sample  from  a  imiverse  of  inquiry.  Errors  of 
observation  are  of  much  greater  magnitude  in  social-science  data  than 
in  data  from  the  so-called  exact  sciences.  It  is  difficult  for  a  farmer 
to  estimate  accurately  the  average  yield  per  acre  of  a  given  crop  in 
his  locality  or  the  number  of  acres  of  corn  or  wheat  harvested  on  liis 
own  farm.  The  grain  drill  is  about  the  onl}^  available  measure  of 
acreage  for  many  farmers.  Estabhshed  fields  generally  are  assigned 
a  specified  area  which  is  reported  from  father  to  son,  and  never  verified. 
But  mere  lack  of  exactness  on  the  part  of  different  observers  need  not 
destroy  the  results  of  an  inquiry,  since  an  estimate  made  too  high  by 
one  observer  may  be  compensated  for  by  an  estimate  made  too  low 
by  another,  and  the  average  from  a  large  number  may  closely  repre- 
sent the  true  value. 

The  errors  of  observation  in  either  the  judgment  or  the  individual 
farm  inquiry  on  yield  per  acre  are  undoubtedly  large.  Moreover 
crop  correspondents  tend  to  report  yields  for  their  locality  in  rounded 
numbers  ^  that  are  divisible  by  5,  such  as  5,  10,  15,  25,  and  30  bushels. 

6  The  terms,  "standarrl  error"  and  "probable  error"  are  used  here  with  reference  to  the  dispersion  of 
actual  observations  or  the  several  measurements  of  a  given  object  or  distance,  such  as  the  diameter  of  the 
moon.  This  is  done  in  order  to  explain  the  origin  of  the  concept  that  is  now  used  in  statistics  as  a  measui-e 
of  the  dispersion  of  the  averages  of  a  number  of  samples  drawn  from  the  same  universe,  each  of  which  is  made 
up  of  a  number  of  observations. 

7  See  Table  2,  Number  of  reports  at  specified  yields  per  acre  received  from  township  reporters,  winter 
wheat,  August,  1928;  and  Table  3,  Number  of  reports  at  specified  yields  per  acre  received  from  township 
reporters,  corn,  November,  1928. 
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It  is  not  unusual,  with  the  judgment  inquiry  to  have  from  50  to  80 
per  cent  of  the  reported  yields  in  numbers  divisible  by  5.  Figures 
divisible  b}'  2  are  also  popular,  but  the  figure  13  is  avoided  by  most 
reporters.  ^  The  reporter  is  only  estimating,  and  it  is  reasonable  to 
expect  him  to  make  his  estimate  in  rounded  numbers.  Lack  of 
accurate  knowledge  concerning  jields  is  also  a  factor  in  the  situation. 
These  errors  need  not  affect  the  accuracy  oj  the  average,  provided  the  sam- 
ple is  large  enough  to  enable  them  fully  to  compensate. 

NONCOMPENSATING    ERRORS,    OR    "bIAS" 

The  consideration  of  noncompensating  errors  in  the  sample  data, 
commonly  known  as  "bias,"  must  of  necessity  be  abstract  because 
bias  can  be  measured  only  when  adequate  check  data  for  the  universe 
as  a  whole  (from  some  other  source  than  the  sample)  are  available  for 
direct  comparison,  and  no  such  information  is  available  with  crop 
\aelds  per  acre.  The  reporters'  statements  of  yields  are  influenced  by 
the  time  of  year  when  the  inquiry  is  made,  and  there  are  limitations 
to  the  use  of  census  enumerations  as  checks  on  crop-yield  information 
collected  at  harvest  time.     These  facts  have  been  discussed. 

Bias  in  its  several  phases  is  a  form  of  error  found  in  sample  data  as 
well  as  m  complete  enumerations  and  registrations.  Biased  errors 
differ  from  eiTors  of  observation  in  that  they  are  cumulative  rather 
than  compensating.  They  are  constant  and  persistent.  A  very 
short  person  may  read  the  thermometer  hanging  on  the  wall  and 
every  observation  will  be  above  the  true  reading.  No  matter  how- 
many  observations  are  made  by  that  person  the  average  will  never 
approximate  the  most  probable  degree  of  temperature.  It  is  like 
using  a  short  yardstick  to  measure  a  room.  The  prejudices,  or 
personal  equation,  of  the  informer  may  influence  him  to  observe  only 
the  phenomena  that  support  his  views.  This  personal  bias  may  be 
intentional  or  unintentional,  but  the  error  becomes  cumulative  w^hen 
any  appreciable  proportion  of  the  observations  are  so  afl"ected. 

The  form  of  biased  error  most  difficult  to  overcome  or  to  make 
allowance  for  in  making  estimates  for  a  universe  of  inquirj^  from  a 
sample  drawn  from  that  universe  is  error,  intentional  or  unintentional, 
resulting  from  the  prejudices  or  the  personal  equation  of  the  observer 
or  informer.  Such  an  error  is  the  tendency  to  exaggerate  that  which 
is  the  center  of  attention.  In  years  of  propaganda  of  any  kind 
concerning  acreage  changes  or  desirable  kinds  of  crops,  there  is  always 
a  distortion  of  the  samples  in  the  direction  that  the  propaganda 
suggests.  Perhaps  this  is  due  to  the  reporters'  actually  making  the 
suggested  changes,  while  the  man  who  expects  to  profit  by  his  neigh- 
bors' adjustment  is  not  likely  to  report  at  all — another  example  of 
the  possibility  of  lack  of  representativeness  in  the  sampling  process. 

When  rei)oi-ters  are  asked  to  give  estimates  of  the  acreage  of  crops 
harvested  on  their  farms  last  year,  along  with  the  acreage  for  harvest 
this  year,  it  is  discovered  that,  when  a  suflicient  number  of  these 
reports  are  conipai'ed  with  what  was  actually  reported  currently  last 
year,  the  acreage  of  pasture  and  more  im])ortant  feed  crops  (such  as 
com,  oats,  and  hay)  check  closely,  thereby  indicating  that  memory 
bias  was  largely  compensating  and  should  be  classed  under  errors  of 
observatif)!!.  iiut  with  the  minor  cioijs  (ho  rc|)orters  seem  to  forget 
some  of  the  acreage,  and  the  Hpires  taken  historically  may  under- 
estimate the  acreage  of  these  minor  crops  from  5  to  25  per  cent,  or 
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possibly  more.  Tliis  is  a  form  of  memory  bias  that  must  be  guarded 
against.  With  Hvestock,  the  reporter  tends  to  forget  the  calves  and 
other  young  stock  rather  than  the  adult  animals.  Although  this  type 
of  error  is  imintentional  it  is  cumulative,  and  no  increase  in  size  of 
sample  vdW  overcome  it.  It  is  really  a  form  of  unintentional  psycho- 
logical bias. 

Intentional  bias  is  deliberate  understatement  or  overstatement  by 
the  observer.  The  usual  example  of  this  is  the  marked  tendency  of 
women  to  understate  their  ages.  There  is  a  marked  tendency  to 
underestimate  the  current  year's  acreage  of  cash  crops,  among  farmers 
who  report  on  acreage  schedules.  The  same  error  exists  in  the  reports 
on  yield  per  acre  or  production  of  important  cash  crops  such  as  cotton, 
until  the  crop  has  left  the  owner's  hands.  Intentional  bias  undoubt- 
edly is  prompted  by  motives  of  self  interest  regarding  the  effect  that 
supply  estimates  \\dll  have  on  prices  that  will  be  received  for  the  crop, 
and  the  tendency  is  to  be  over  conservative  in  reporting  supply 
factors  to  the  agency  that  makes  the  official  Government  forecasts 
and  estimates. 

There  is  a  pronounced  tendency  for  the  yield  estimates  of  cotton 
to  increase  as  the  season  advances  from  October  to  the  following 
March.  (Table  17.)  This  may  be  caused  by  the  tendency  to  report 
conservatively  prior  to  the  final  completion  of  harvest.  It  is  inter- 
esting that  the  reported  yields  per  acre  of  cotton  tend  to  be  higher 
after  nearly  all  the  crop  has  left  the  hands  of  the  grower,  w^hereas  an 
opposite  tendency  is  shown  with  grain  crops  in  most  States.  In  the 
case  of  special  cash  crops  intentional  bias  is  alw^ays  expected,  and  some 
allowance  is  usually  made  for  it. 

A  distinction  should  be  made  and  kept  in  mind  between  bias  due  to 
errors  in  the  data  themselves  and  a  discrepancy  shown  between  the 
average  of  the  sample  and  that  for  the  universe  because  of  the  failure 
of  the  sample  to  be  fully  representative  of  the  population  of  the 
universe  of  inquiry.  The  statistician  can  do  a  great  deal  toward 
improving  the  remesentativeness  by  stratification  and  weighting,  but 
when  the  individiial  observations  are  subject  to  biased  or  cumulative 
errors,  no  way  of  handling  the  sample  A\dll  correct  for  it.  The  only 
way  to  correct  fully  for  bias  is  to  compare  the  average  of  the  sample 
with  the  average  for  the  State  as  a  whole  for  previous  years  if  check 
data  are  available. 

It  is  difficult  in  a  given  case  to  distinguish  between  lack  of  repre- 
sentativeness due  to  the  voluntary  nature  of  the  sample  (that  is,  the 
inclusion  of  the  better  farmers  with  the  individual  farm  samples)  and 
bias  as  herein  described.  With  lack  of  representativeness  the  errors 
are  not  in  the  individual  observations  but  appear  in  the  average 
because  the  composition  of  the  sample  is  not  the  same  as  the  compo- 
sition of  the  State  as  a  whole. 

There  is  tliis  similarity,  however,  in  handfing  the  results  from  a 
sample  that  is  not  representative  and  a  sample  that  is  representative 
but  in  which  the  data  are  biased.  When  either  type  of  sample  is 
handled  on  a  relative  basis  the  change  shown  by  the  tw^o  samples 
does  indicate  the  change  taking  place  in  the  universe  provided  the 
bias  or  lack  of  representativeness  is  constant  with  the  two  samples. 
This  was  explained  in  the  discussion  of  the  representativeness  of 
samples. 

The  importance  of  developing  adequate  check-data  information  on 
production  by  obtaining  an  accurate  account  of  car-lot  shipments, 
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niill-door  receipts,  etc.,  can  not  be  overemphasized.  Only  by  develop- 
ing; such  check  information  will  it  be  possible  to  allow  adec[uately  for 
bias  in  estimates  of  production.  Unfortunately  the  bias  so  measured 
must  be  allocated  as  between  acreage  samples  and  3deld  samples,  and 
there  is  novery  satisfactory  way  of  doing  tliis;  nevertheless,  such  a 
knowledge  is  of  first  importance  if  the  accuracy  of  official  estimates  of 
crop  production  is  to  be  increased.  Already  check  information  of 
this  land  is  being  used  with  the  cash  grams  in  the  spring-wheat  States, 
with  fruits  and  vegetables  from  commercial  areas,  and  with  cotton! 
With  feed  crops  no  such  checks  are  available,  and  the  best  possibility 
for  improvement  lies  in  the  use  of  the  sample  census.  The  sample 
census  would  not  eliminate  bias  from  the  data,  but  would  make  it 
possible  to  secure  a  representative  sample. 

Through  what  is  called  statistician's  bias,  data  may  be  so  edited 
and  handled  by  an  unskilled  or  prejudiced  statistician  as  to  distort  the 
picture.  All  the  very  high  yields  per  acre  may  be  ehminated  from  the 
sainple  as  being  improbable,  when  such  a  procedure  would  not  be  jus- 
tified by  facts.  It  is  dangerous  for  the  statistician  to  complete  a 
schedule  that  has  not  been  entirely  filled  by  the  reporter,  and  this  is 
seldom  if  ever  atteinpted  by  an  experienced  statistician.  The  State 
statistician  is  continually  under  pressure  from  the  public,  especially 
the  agricultural  public,  and  undoubtedly  there  is  a  tendency  to  be 
conservative  in  estimating  the  production  of  a  cash  crop,  as  higher 
estimates  of  production  may  cause  lower  prices  and  perhaps  a  storm 
of  protest  from  the  pubHc.  It  is  the  function  of  the  Crop  Reporting' 
Board  to  correct  for  this  kind  of  bias  in  making  estimates,  and  it  is 
in  better  position  to  do  this  than  is  the  State  statistician,  because  the 
members  are  not  so  closely  in  touch  with  local  agricultural  affairs  in  a 
given  State. 

MEASURES  OF  PRECISION  OF  AVERAGES 

PROBABLE  ERROR  OF  THE  MEAN 

_  Inevitably  the  reliability  of  any  conclusion  is  income  way  a  func- 
tion of  the  number  of  cases  on  wliich  it  is  based.  Therefore  the  sample 
must  be  large  enough  to  render  the  average  significant  within  reason- 
able limits.  If  the  sample  is  small  and  if  there  is  a  wdde  range  of 
yields  per  acre  over  a  given  district,  there  will  be  a  considerable  fluc- 
tuation in  the  averages  of  samples  drawn  from  this  district  at  random 
and  at  the  same  time. 

A  conventional  measure  of  the  rehability  of  results,  which  takes  into 
consideration  both  the  variabiHty  in  the  sample  and  the  number  of 
observations  is  known  as  the  "probable  error  of  the  mean."  Pearl 
{12,2).  213)  say^: 

It  is  a  constant  so  chosen  that  when  its  value  is  added  to  and  subtracted  from 
tlie  result  obtained,  or  the  nmncric  conclusion  reached,  it  is  exactly  an  even  chance 
that  the  true  result  or  conclusion  lies  either  inside  or  outside  the  limits  set  bv  the 
prol)al)le  error  [of  the  mean]  in  the  i)lus  and  minus  direction.  *  *  *  '  The 
siKiiificance  of  any  result  is  to  be  judged  by  its  relation  to  its  probable  error. 

Tl)e  words  included  in  the  brackets  were  added  to  Pearl's  statement 
and  need  amplification.  The  term  "probable  error"  has  been  used 
botli  for  the  ])urp()so  of  the  statistical  descni)tion  of  a  lnH|uoncy  dis- 
tribution of  sample  observations  and  for  tiie  purpose  of  indicating  the 
precision  of  some  generalization,  such  as  the  average  of  a  sample. 
When  used  for  describing  the  dispersion  in  a  sample  it  is  merely  0.6745 
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times  the  standard  deviation  of  the  frequency  distribution  formed  by 
the  observations  of  the  sample  and  should,  in  fact,  be  called  "probable 
deviation."  When  used  for  the  purpose  of  indicating  the  precision 
of  some  generalization,  such  as  an  average,  it  should  be  designated  as 
the  "probable  error  of  the  mean,"  in  order  to  distinguish  it  from  its 
use  as  probable  deviation.  In  this  bulletin,  for  convenience,  prob- 
able error  will  be  used  for  the  "probable  error  of  the  mean,"  and  in  no 
case  hereafter  will  it  signify  probable  deviation. 

Keynes  {9,^).  74)  defines  probable  error  "  as  the  name  given  *  *  * 
to  an  expression  which  arises  when  we  consider  the  probabihty  that  a 
given  quantity  is  measured  by  oneofanumber  of  different  magnitudes." 
The  average  yield  per  acre  from  the  sample  is  tlie  most  probable  meas- 
ure of  the  yield  for  the  State,  assuming  that  the  sample  is  fully  repre- 
sentative of  the  universe  of  inquiry  and  that  the  individual  observa- 
tions are  free  from  bias.  The  amount  that  the  difference  between  the 
actual  average  yield  for  the  entire  State  and  the  average  jdeld  for  the 
sample  is  as  likely  as  not  to  exceed  (chances  of  1  to  1,  or  50  out  of  100) 
is  the  probable  error.  The  smaller  the  probable  error  the  greater  con- 
fidence the  statistician  has  in  the  average  of  a  sample. 

The  probable-error  concept  is  ordinarily  used  to  compare  the  aver- 
age of  the  sample  with  the  average  for  the  universe  from  which  the 
sample  is  drawn. 

*  *  *  The  standard  error  can  be  assumed  to  measure  only  the  errors  aris- 
ing from  tlie  fluctuations  of  simple  sampling.  *  *  *  Fluctuations  due  to 
bias,  due  to  the  absence  of  random  selection  in  the  sampling  process,  due  to  per- 
sistent errors  of  any  sort,  quite  elude  this  method  of  determining  probable  stability. 
*  *  *  So  serious  are  these  limitations  to  the  employment  of  the  usual  measures 
of  probable  error  in  connection  with  economic  data  that  it  would  seem  generally 
advisable  to  subordinate  such  measures  to  actual  statistical  tests  of  stability.  By 
the  study  of  successive  samples,  and  by  the  testing  of  the  subordinate  elements  in 
a  given  "sample  when  broken  up  into  significant  subgroups,  much  more  may  be 
learned  as  to  the  reliability  of  a  given  measure  and  as  to  the  possibility  of  apply- 
ing it  generally  than  by  unquestioning  acceptance  and  uncritical^ employment  of 
the  usual  mathematical  formulas  for  probable  error  {10,  p.  560-561). 

A  comparison  of  the  samples  of  crop  yields  received  from  the  field 
aids  and  township  correspondents  such  as  is  made  in  connection  with 
this  study,  is  in  fact  a  study  of  successive  samples  which  Tvlills  suggests. 

When  the  several  assumptions  underlying  the  ordinary  usage  of 
probable  error  are  tested  in  connection  with  many  kinds  of  yield-per- 
acre  samples,  it  is  obvious  that  the  ordinary  interpretation  can  not 
be  made  with  all  samples,  for  all  crops,  in  all  States.  Consequently 
in  this  study  the  probable-error  concept  will  be  used  for  comparing  the 
average  of  the  sample  with  the  more  stable  average  which  would  have 
been  obtained  from  an  infinitely  large  sample  taken  at  the  same  time 
and  under  the  same  conditions.  (wSee  Yule  {18,  p.  336,  par.  2).)  It 
also  measures  the  range  plus  or  minus  the  average  of  the  given  sample, 
witliin  which  the  probability  is  50  out  of  100  that  the  average  of  a 
similar  sample  taken  at  the  same  time  and  imder  the  same  conditions 
is  hkely  to  fall.  It  is  an  inverse  measure  of  the  "precision"  of  the 
average  as  it  measures  the  influence  of  the  fluctuations  of  sampling. 

This  somewhat  restricted  interpretation  is  a  most  useful  expedient, 
as  it  furnishes  information  concerning  a  fundamental  and_  universal 
question  in  samplmg,  namely,  "is  the  sample  of  suflicient  size  to  ren- 
der the  average  stable  and  reasonably  free  from  the  influence  of  the 
fluctuation  of  samphng?"  When  the  statistician,  through  check 
information  (such  as  cotton  ginnings)  for  pre\dous  years,  has  knowl- 
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edge  of  the  universe  from  which  the  sample  was  drawn,  and  when  he 
knows  that  the  underlying  assumptions  will  not  hold  universally  for 
all  samples  of  crop-yield  data,  he  is  not  justified  in  making  the  ordinary 
interpretation  of  probable  error.  With  the  large  amount  of  bias  that 
is  usually  present  in  the  observations  of  the  crop  correspondents 
concerning  cotton  yields  per  acre,  the  ordinary  interpretation  of 
probable  error  is  totally  inadeciuate  in  dealing  with  estimates  of  the 
yield  of  that  crop. 

The  assumptions  that  underlie  the  ordinary  use  of  the  probable 
error  concept  are  as  follows: 

(1)  There  is  a  reasonable  degree  of  homogeneity  in  the  population  from  which 
the  sample  is  drawn. 

(2)fThe  sample  is  representative. 

(3)  The  observations  in  the  sample  are  exact  measurements  of  the  phenomena, 
that  is,  not  subject  to  errors  of  observation  or  compensating  errors. 

(4)  The  observations  are  free  from  bias  or  noncompensating  errors. 

(5)  The  standard  deviation  of  the  sample  measures  the  amount  of  dispersion 
in  the  universe  from  which  the  sample  is  drawn. 

Since  samples  of  crop  yields  per  acre  are  samples  of  natural  phenom- 
ena, the  first  assumption,  that  of  homogeneity,  may  be  conceded, 
except  in  those  cases  in  which  a  State  is  made  up  of  a  number  of 
homogeneous  districts  that  show  marked  interarea  differentiations. 
Homogeneity  is  often  greatly  improved  by  proper  stratification  of  the 
sample. 

The  second  assumption,  that  of  representativeness,  can  be  accepted 
^vith  crop-jneld  samples  in  most  States  when  one  takes  into  considera- 
tion the  methods  of  minute  stratification  by  townships  and  crop- 
reporting  districts  and  the  weighting  of  the  returns  by  counties  or 
districts.  In  fact  this  departure  from  random  selection  tends  to 
improve  the  representativeness  of  the  sample. 

The  third  assumption,  that  the  observations  are  free  from  compen- 
sating errors,  never  has  held  in  any  sample  ever  tak6n.  Accuracy  is 
a  matter  of  refinement  of  measurement.  Fortunately,  even  wide 
errors  of  observation  are  not  serious,  provided  the  sample  is  sufficientl}'^ 
large  to  enable  the  errors  to  compensate.  The  inlluence  of  these 
errors  is  measured  at  the  same  time  the  influence  of  the  fluctuations 
of  sajupling  is  measured,  that  is,  hy  the  probable  error,  when  the 
standard  deviation  of  the  sample  is  used  to  measure  the  dispersion 
of  the  universe. 

The  fourth  assumption,  that  the  individual  observations  are  free 
from  bias,  can  never  be  made.  Freedom  from  bias  must  be  estab- 
lished as  fact.    Acomplete  census  does  not  obviate  the  diflicult}'  of  bias. 

The  fifth  assumption,  that  the  standard  deviation  of  the  sample  is 
equnl  to  the  standard  deviation  of  the  universe,  except  as  it  may  be 
influenced  by  the  fluctuation  of  sampling,  is  seldom  valid  witli  samples 
collected  by  means  of  schedules  or  (luestionnaires,  where  the  errors  of 
observation  are  likely  to  be  large  and  the  measurements  contain  a 
large  subjective  element.  At  best  it  can  be  equal  only  to  the  standard 
deviation  of  an  infinitely  large  sample  taken  under  similar  conditions 
and  subjert  to  the  same  general  Umitations  as  the  sami)le,  including 
errors  of  observation. 

Tnless  the  statistician  can  use  one  of  Bowley's  four  methods  of 
selecting  a  sample  and  can  be  sure  that  the  observations  are  the  result 
of  unbiased  measurement,  he  is  not  justified  in  using  the  probable- 
error  concept  in  the  ordinary  manner.     When  the  probable  error  of 
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the  mean  is  used  in  this  more  precise  manner  the  statistician  using 
the  material  is  placed  on  guard  against  the  possibility  that  the  sample 
may  not  be  fully  representative  or  that  the  observations  may  be 
biased.  The  statistician  can  not  afford  to  take  anything  for  granted, 
and  the  assumptions  involved  must  be  carefully  tested  in  every  way 
possible.  Is  the  universe  reasonably  homogeneous?  Is  the  sample 
fully  representative?  Are  the  observations  free  from  noncompensat- 
ing  errors?  Is  the  sample  large  enough  to  render  the  average  reasona- 
bly stable  and  free  from  the  fluctuations  of  sampling?  The  probable 
error  concept  answers  only  the  last  of  these  questions. 

That  samples  subject  to  as  much  bias  as  are  cotton  yields  are  of 
considerable  use  is  evidenced  by  the  liigh  degree  of  accuracy  of  the 
cotton  estimates  of  production  during  the  last  three  years.  When 
check  data  are  available,  as  with  cotton,  the  bias  of  the  samples  for 
past  years  can  be  determined  with  considerable  accuracy.  Tliis  bias 
varies  as  the  result  of  variations  of  such  factors  as  the  percentage  of 
the  crop  picked  or  sold  by  the  time  the  inquiry  is  made,  the  price  of 
the  crop,  etc.  Fortunately  bias  is  much  more  likely  to  occur  in  the 
case  of  cash  crops  for  which  commercial  checks  can  be  obtained,  than 
of  crops  fed  on  the  farm.  Only  on  the  basis  of  some  measurement  of 
bias  in  past  years  is  it  possible  to  use  such  samples  as  cotton  yields 
per  acre  for  estimating  purposes.  Otherwise  it  would  be  impossible 
to  bridge  the  gap  between  the  average  of  the  infinitely  large  sample 
which  can  be  "inferred  from  the  current  sample  to  the  average  for 
the  miiverse  from  which  the  sample  was  drawn. 

This  restricted  interpretation  of  probable  error  eliminates  all  as- 
sumptions concerning  representativeness  of  the  sample  and  of  bias  in 
the  individual  observations,  and  permits  the  statistician  to  proceed 
on  the  practical  assmnption  that  the  infinitely  large  sample  would  be 
subject  to  the  same  Hmitations  as  the  one  in  hand.  With  crop-yield 
data  it  would  continue  to  be  a  ''voluntary  stratified  sample"  and  not 
a  rand-om  sample. 

The  selection  of  a  stratified  sample  results  in  greater  precision  of 
the  average  than  does  the  selection  of  the  sample  at  random.  The 
more  homogeneous  the  districts  or  subdivisions  of  the  universe,  the 
greater  is  the  precision.     Bowley  (5,  p.  12,  20)  says: 

Thus  increased  accuracy  is  always  attained  by  stratification,  unless  the  attribute 
is  evenly  distributed  thi-oughout  the  district,  and  in  some  cases  the  inaprovement 
is  considerable.  *  *  *  If  the  averages  of  the  districts  differ  considerably 
from  the  general  average,  or  if  the  standard  deviations  in  the  districts  are  con- 
siderably smaller  than  in  the  population  as  a  whole,  the  gain  in  accuracy  by 
stratification  may  be  considerable. 

Not  only  is  the  State  divided  into  crop-reporting  districts  that  tend 
to  show  less  dispersion  than  does  the  State  as  a  whole,  but  the  data 
witliin  the  districts  are  obtained  from  reporters  distributed  by  town- 
sliips;  this  constitutes,  in  effect,  further  stratification  of  the  sample. 
The  improvement  in  accuracy  of  the  district  average  may  be  con- 
siderable if  there  are  actual  differences  between  the  counties  and 
tov/nships  that  comprise  the  crop-reporting  district.  In  practice,  the 
matter  of  increased  precision  in  district  averages  depends  on  whether 
the  dispersion  of  the  error  of  observation  of  the  individual  reports  is 
less  than  the  dispersion  in  the  district  caused  by  actual  differences  in 
crop  yields  between  localities  or  townships.  Tins  could  be  tested  on 
the  assumption  that  the  extent  of  the  correlation  between  two  series 
of  judgment-yield  estimates  obtained  at  the  same  time  from  two 
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correspondents  each  reporting  for  the  same  township  would  tend  to 
measure  the  amount  of  differentiation  between  toAvnships;  or  the  lack 
of  correlation  would  indicate  that  the  dispersion  due  to  errors  of  ob- 
serv^ation  is  larger  than  the  dispersion  caused  by  the  differentiation 
that  might  actually  exist  between  townships. 

This  test  is  possible  because  of  the  two  separate  lists  of  crop  cor- 
respondents; it  is  a  matter  of  bringing  together  two  reports  from  the 
same  township.  This  test  would  assume  that  the  locality  and  towm- 
ship  are  synonymous;  this  is  not  necessarily  true,  for  the  reporters 
may  live  on  opposite  sides  of  a  township  and  each  be  estimating  for  a 
locality  centered  at  his  farm ;  neither  of  these  two  men  would  be  esti- 
mating for  the  same  locality.  In  the  few  samples  from  a  highly  homo- 
geneous area  in  the  Corn  Belt  so  analyzed,  the  correlations  have  been 
generally  low,  about  plus  0.40  or  0.50,  indicating  that  the  errors  of 
observation  are  large  in  comparison  with  the  slight  differentiation  in 
average  yields  per  acre  for  townships.  In  districts  that  show  greater 
differentiation  higher  correlations  would  be  expected. 

Bowley  (2,  p.  337)  has  worked  out  a  method  wliich  makes  it  possible 
to  calculate  the  efiect  of  stratification  on  the  probable  error  of  the 
average  when  the  data  are  dra\^^l  in  proportion  to  the  importance  of 
the  strata,  ''proportional  stratification."  Since  in  practice  it  is  im- 
possible to  obtam  tliis  type  of  sami)le,  the  system  of  weighting  by 
crop-reporting  districts  or  by  counties  is  used  as  a  substitute  for  pro- 
portional stratification. 

Therefore  Bowlcy's  formula  for  proportional  stratification  is  not 
fully  applicable  to  crop-yield  samples.  He  has  also  devised  a  formula 
(2,  p.  316)  for  ascertaining  the  probable  error  of  a  weighted  average 
which  allows  the  dispersion  of  the  weights  to  increase  materially  the 
size  of  the  probable  error.  Tliis  influence  of  the  dispersion  of  weights 
is  difficult  for  the  writer  fully  to  rationalize  in  all  cases.  Neither  of 
these  formulae  seems  to  apply  directly  to  the  problem  of  measm'ing 
the  pi'obable  error  of  an  average  secured  from  crop-jdeld  samples, 
especially  as  neither  makes  allowance  for  the  increased  precision  due 
to  the  distribution  of  the  crop  reporters  by  townships  witliin  the 
districts. 

The  probable  errors  calculated  in  this  study  from  the  usual  formula 
will  tend,  therefore,  to  exceed  the  tiue  probable  eirors  that  actually 
exist,  provided  allowance  could  be  made  for  the  stratification  of  the 
observations  l)y  townships  and  the  handling  of  the  sample  so  as  to 
secure  a  weiglited  average  for  the  State.  They  will  not  always  be 
strictly  comparal)le  as  between  States  or  even  between  diftcrent  years 
in  the  same  State  because  the  effectiveness  of  stratification  depends  in 
pjirt  on  the  extent  to  whicli  the  individual  districts  arc  more  homo- 
geneous than  the  State  as  a  whole,  l^ut  an  analysis  of  sample  data  on 
a  district  basis  will  throw  light  on  the  inlhicncc  of  stratification  on  the 
precisif)n  of  the  average  of  the  sample.  Even  with  these  reservations 
concci-ning  the  instrument  that  is  to  be  used  in  the  analysis  of  yield- 
per-iicrc  samples,  such  an  analysis  will  be  valuable  in  helping  to  ap- 
praise the  reliability  and  adequacy  of  crop-yield  sample  data. 

INTEKPRETATION    AND    SIGNIFICANCE    OF    I'HOBABLE    ERROR 

Tjie  piobuhle  ciioj-  has  already  i)C('n  defined  antl  its  use  limited  to 
the  immediate  problem  of  testing  the  sample  to  determine  whether  it 
is  large  enough  to  be  useful  as  a  basis  for  an  esthuate  of  crop  yields. 
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This  probable  error  that  is  calculated  tends  to  be  larger  than  the  true 
probable  error.  The  more  homogeneous  the  crop-reporting  districts 
as  compared  with  the  whole  State  and  the  greater  the  difference  be- 
tween commimities  and  localities  witliin  the  district  the  greater  will  be 
the  eft'ect  of  stratification  and  the  smaller  will  be  the  probable  error  of 
the  weighted  average  as  compared  with  the  probable  error  of  an 
unweighted  average  on  the  assiunption  of  random  selection. 

To  go  a  step  further,  an  attempt  must  be  made  to  ^dsuaUze  the  sig- 
nificance of  the  term  probable  error  or  standard  error  when  applied  to 
the  average  of  a  sample.  Let  it  be  assumed  that  a  large  number  of 
samples  can  be  collected  that  are  identical  in  size  to  the  one  already 
available,  and  taken  at  the  same  time  and  under  smiilar  conditions, 
from  the  same  universe.  All  of  the  samples  are  to  be  subject  to  the 
same  general  limitations  of  the  sampling  (such  as  bias,  representa- 
tiveness, selectivity,  etc.)  as  the  sample  in  hand,  A  sample  from  the 
township  reporters  and  another  from  the  field  aids  constitute  an 
approach  to  tliis  idea  of  more  than  one  sample,  from  the  same  universe, 
under  similar  conditions. 

If  the  averages  of  all  these  separate  samples  were  calculated  and 

plotted,  it  would  be  found  that  these  averages  would  form  a  frequency 

distribution  much  more  normal  in  form  than  that  formed  by  the 

original  observations  in  an  ordinary  yield-per-acre  sample.     If  the 

standard  deviation  of  this  frequency  distribution  of  all  these  means  is 

calculated  and  multiplied  by  0.6745,  it  will  be  found  that  it  approaches 

closely  in  value  to  the  probable  error  of  the  original  single  sample 

calculated  by  the  formula 

-r,     ,    1  1  0.6745(r 

rrobable  error  =  — , 

The  combined  average  of  all  the  many  samples  would  be  equivalent 
to  the  average  of  an  infinitely  large  sample. 

Another  demonstration  of  tliis  principle  of  tbe  influence  of  fluctua- 
tion of  sampling  as  related  to  the  size  of  the  sample  is  to  draw  a  sample 
from  a  imiverse,  compute  an  average,  draw  another  sample  under 
precisely  the  same  conditions  and  observe  the  averages  of  the  two 
samples  combined;  add  to  these  a  third  sample,  and  so  on,  until  the 
average  approaches,  not  continuously,  but  with  some  fluctuations, 
closer  and  closer  to  some  stable  figure.  This  stable  average  that 
would  be  obtained  in  a  very  large  sample  is  thought  of  as  the  average 
of  an  infinitely  large  sample. 

Knomng  the  variation  in  the  samples  obtained  and  the  number  of 
reports,  the  probable  error  can  be  calculated,  and  from  this  it  can  be 
determined  mthin  what  limits  improvement  in  the  stability  of  the 
average  may  be  expected  by  increasing  the  size  of  the  sample. 

With  a  probable  error  of  1  bushel  with  an  average  yield  for  the  sam- 
ple of  40  bushels  it  can  be  said  that  the  chances  are  equal,  or  50  out  of 
100,  that  the  average  of  an  infinitely  large  sample  taken  at  the  same 
time  and  under  similar  conditions  would  not  differ  by  more  than  plus 
or  minus  the  probable  error  from  the  average  of  the  sample — in  tliis 
case  1  bushel — or  that  it  would  fall  between  39  and  41  bushels.  If, 
instead,  a  range  of  plus  or  minus  2  bushels  (tAvice  the  probable  error) 
is  taken,  the  chances  are  4.64  to  1  or  about  18  out  of  100.  With  three 
times  the  probable  error  the  chances  are  22.24  to  1  or  4.30  out  of  100. 
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AVith  four  times  the  probable  error  the  chances  are  142.3  to  1,  or  7  out 
of  1,000.  AMien  the  standard  error  of  the  mean  is  used  instead,  a 
range  of  phis  or  minus  three  tunes  the  standard  error  indicates  that 
the  chances  are  about  370  to  1  or  27  out  of  10,000.  These  probabiH- 
ties  are  computed  on  the  basis  of  the  area  of  the  normal  frequency 
distribution.  To  appro.ximate  the  reasonable  limits  of  the  possible 
influence  of  the  fluctuations  of  sampling,  either  3.8  times  the  probable 
error  or  2.6  times  the  standard  error  is  used.  In  either  case  it  can  be 
said  that  the  chances  are  at  least  99  out  of  100  that  the  average  of  the 
infiniti^ly  large  sample  will  not  differ  by  more  than  3.8  times  the 
probHl)le  error  or  2.6  times  the  standard  error  plus  or  minus  from  the 
average  of  the  sample. 

The  mathematical  assumptions  iniderlying  these  statements  are 
clearly  and  concisely  explained  by  Pearl  {1^,  p.  214-215)  as  follows: 

Now  8uch  statements  as  these  derive  whatever  meaning  they  may  possibly 
have  from  the  following  simple  mathematical  considerations.  Assuming  that 
the  errors  of  random  sampling  are  distributed  strictly  in  accordance  with  the 
normal  or  Gaussian  curve,  *  *  *  it  is  a  simple  matter  to  determine  from 
any  table  of  the  proliability  integral  the  precise  portion  of  the  area  of  a  normal 
curve  lying  outside  any  original  abscissal  limits,  or,  in  other  words,  the  proba- 
bility of  the  occurrence  of  a  deviation  as  great  as  or  greater  than  the  assigned 
deviation.  To  say  that  a  deviation  as  great  as  or  greater  than  three  times  the 
probable  error  is  "certainly  significant"  means,  strictly  speaking,  that  the  area 
of  the  normal  curve  beyond  3  P.  E.  on  either  side  of  the  central  ordinate  is  negli- 
gibly small.  As  a  matter  of  fact  this  is  not  true,  unless  one  chooses  to  regard 
4.3  jper  cent  as  a  negligible  fraction  of  a  quantity.  There  are  certainly  many 
common  affairs  of  life  in  which  it  would  mean  disaster  to  "neglect"  a  deviation 
of  4  per  cent  of  the  total  quantity  involved. 

Table  1  {12,  p.  218)  gives  the  value  of  the  probability  and  odds  for 
different  magnitudes  relative  to  the  probable  error,  and  is  presented 
here  as  an  essential  part  of  the  above  explanation  of  the  significance 
of  the  probable-error  concept. 

Table  1. — Value  of  probability  and  odds  for  different  magnitudes  relative  to  prob- 
able error 
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Odds  against  the  occur- 
rence of  a  deviation  as 
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the  designated  one 


37.  42  to  1 
44. 80  to  1 
53.  82  to  1 
64.  89  to  1 
78.  .53  to  1 
95.  38  to  1 
116.3    tol 


142.  3 
174.9 
215.8 
267.  2 
332.4 
415.0 
520.  4 
.520.  4 
,     828. 3 
1,0,52. 
1,341. 
19.  3(MI. 
■127,  (MK). 
M,7(K),  (H)0. 
730,  (KM),  (NM). 
6,5,  DOO,  (KH).  (MH). 


tol 
tol 
tol 
tol 
to  1 
to  1 
tol 
to  1 
to  1 
tol 
U)  1 
tol 
tol 
to  1 
to  1 
to  1 


ADEQUACY   AND    RELIABILITY   OF   CROP-YIELD    ESTIMATES         35- 

If  the  statistician  ^^^slles  to  set  a  limit  at  which  he  can  say  that  the 
probabiUties  of  an  occurrence  of  a  deviation  as  great  as  the  one  in 
hand  or  greater,  is  1  in  100,  he  will  find,  by  reference  to  Table  1,  that 
about  3.8  times  the  probable  error  will  establish  this  limit.  If  he 
is  working  vnth  the  standard  error,  about  2.6  times  the  standard 
error  will  set  this  same  limit. 

CALCtTLATION    OF    PROBABLE    ERROR    AND    STANDARD    ERROR 

The  standard  error  and  the  probable  error  are  both  used  to  meas- 
ure the  precision  of  an  average.  The  probable  error  is  equal  to 
0.6745  times  the  standard  error.  Most  formulae  are  developed  in 
terms  of  the  standard  error,  but  the  appHcation  of  the  theory  of 
probability  is  frequently  made  in  terms  of  probable  error,  because 
the  probabilities  are  1  to  1,  instead  of  approximately  2  to  1  as  wdth 
the  standard  error.  The  standard  error  is  converted  mto  probable 
error  by  multiplying  the  standard  error  by  0.6745. 

The  standard  error  ^  is  calculated  by  dividing  the  standard  devia- 
tion of  the  population  of  the  universe  being  sampled  by  the  square 
root  of  the  number  of  observations  in  the  sample  less  one,  or 

Ox      1      1  Standard  deviation  <t 

Standard  error  = 


Square  root  of  number  of     -^Jn—  1 
observations  less  one 

The  probable-error  formula  is: 

^    ,    ,  ,  0.6745O- 

rrobable  error  =     , 

These  formulae  measure  the  errors  that  are  likely  to  occur  as  a 
result  of  the  fluctuations  of  sampling  with  random  selection.  The 
upper  limit  of  this  type  of  error  in  the  sample  is  set  approximately 
by  a  figure  that  is  three  times  the  standard  error  or  about  four  times 
the  probable  error. 

As  soon  as  a  sample  ,has  25  or  30  observations  the  (n—l)  becomes, 
for  all  practical  purposes,  the  same  as  n  hence  the  minus  one  is  disre- 
garded as  most  of  the  samples  analyzed  contain  more  than  25  observa- 
tions. Since  it  is  impossible  to  obtain  the  standard  deviation  of  the 
universe  we  must  be  content  with  an  approximation  of  it  from  the 
sample.  The  standard  deviation  which  i's  calculated  from  the  sample 
with  25  or  more  observations  will  tend  to  approximate  the  standard 
deviation  of  that  part  of  the  universe  from  which  the  sample  was 
obtained  (5).  The  more  representative  the  sample  the  more  closely 
will  the  standard  deviation  calculated  from  the  sample  approximate 
the  true  standard  deviation  of  the  universe  of  inquiry.  This  standard 
deviation  also  assumes  that  the  observations  are  true  observations, 

8  The  full  formula  also  provides  for  the  effect  of  having  in  the  sample  a  larger  or  smaller  proportion  of  the 
total  number  of  observations  in  the  universe  of  inquiry,  by  adding  the  terra  V 1  — -/^^  where /i"  is  equal  to  the 
number  of  observations  in  the  sample  divided  by  the  number  of  observations  in  the  universe.  The  com- 
plete formula  is  therefore, 


S.  E.  =-7=^  •   -y/l-K 
Vn— 1 

If  the  sample  included  all  the  observations  in  the  universe  this  last  term  would  become  zero,  and  conse- 
quently the  standard  error  would  also  be  zero.  In  samples  of  crop-estimating  data  either  the  universe 
is  considered  as  infinity  or  the  number  of  observations  is  so  small  that  K  would  be  very  small  indeed  (/O). 
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wliich  is  impossible  as  all  known  observational  measurements  are 
subject  to  some  error  of  observation;  observations  of  economic  and 
natural  phenomena  are  likel}^  to  be  subject  to  large  errors  of  observa- 
tion. Consequently  the  standard  deviation  used  in  calculating  prob- 
able or  standard  error  includes  (in  addition  to  the  dispersion  caused  by 
actual  differences  in  the  universe  of  inquiry),  dispersion  due  to  errors 
of  observation.  As  a  result  the  probable-error  concept  in  practical 
use  really  covers  the  matter  of  precision  in  the  average  of  the  sample 
whether  the  instability  is  caused  by  large  errors  of  observation  or  by 
differences  existing  in  the  universe  of  inquiry.  Yule  says  {18,  p.  211) 
"The  effect  of  errors  of  observation  is,  consequently,  to  increase  the 
standard  deviation  above  its  true  value."  The  probable-error 
formula  can  be  used  to  indicate  how  large  a  sample  is  needed  to  give  a 
certain  degree  of  precision  when  the  combined  dispersion  due  to  dif- 
ferences in  the  population  of  the  universe  and  the  errors  of  observation 
of  the  sample  data  is  known  approximately  and  expressed  as  the 
standard  deviation  of  the  sample. 

STATISTICAL  INDUCTION 

The  fundamental  importance  of  the  distinction  between  statistical 
description  and  statistical  induction  has  been  mentioned.  The 
results  of  statistical  description  can  be  applied  only  to  events  actually 
observed  in  the  sample,  but  the  statistician  must  go  further;  he  must 
make  an  estimate  for  the  universe  of  inquiry.     Mills  {11)  says: 

He  seeks  generalizations  which  will  apply  to  a  wider  group,  to  events  not 
observed,  to  cases  not  included  in  his  sample.  He  seeks,  that  is,  to  employ  the 
ordinary  methods  of  induction,  basing  the  logical  processes  upon  materials  of  a 
particular  kind — statistical  data. 

The  premises  are  subject  to  considerable  doubt,  as  the  indi^-idual 
observations  are  frequently  only  crude  approximations.  Complete 
knowledge  of  all  the  observations  in  a  sample  of  any  size  is  impossible. 
A  multiplicity  of  causes  operate  to  determine  the  yield  per  acre  of  a 
given  crop.  Variation  in  yields  per  acre  over  a  given  locality,  towTi- 
ship,  county,  district,  or  State  is  usually  pronounced,  and  even  with  a 
representative  sample  free  from  bias,  an  ^lenient  of  probability 
attaches  to  every  estimate.  The  calculation  of  the  probable  error  is  a 
method  of  measuring  the  approximate  degree  of  probability  in  a  given 
case. 

The  conclusions  of  all  inductive  reasoning  must  be  expressed  in 
terms  of  probability.  No  average  based  upon  sample  data,  no  matter 
how  numerous  these  data,  is  likely  to  be  absolutely  identical  with  the 
average  of  the  universe  from  which  the  sample  was  drawn.  If  an 
average  of  a  sample  is  to  fall  within  certain  prescribed  limits  of  the 
true  average  of  the  universe  of  in(|uiry  with  any  finite  degree  of  prob- 
ability, some  assumption  must  be  made  about  the  nature  of  the  uni- 
verse from  wliich  the  observations  were  drawn.  The  step  from  a  par- 
ticular sample  to  an  estimate  must  proceed  from  some  premise  about 
the  orderliness  of  nature,  in  addition  to  that  premise  which  takes 
account  of  the  instnncos  studied.  That  there  should  be  a  reasonable 
decree  of  prol)ability  in  favor  of  the  accuracy  of  the  estimate^ — the 
inductive  conclusion  it  is  necessary  to  make  an  assumption  con- 
cerning the  (inite  degree  of  variation  in  nature.  This  general  premise 
of  the  uniformity  of  nature  in  some  form  is  essential  in  all  statistical 
induction. 
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So  far  as  the  yield  per  acre  of  any  crop  is  concerned,  there  is  a 
hmitation  to  the  degree  of  independent  variation  possible  in  the 
universe  of  inquiry.  Only  in  exceptional  cases  does  the  yield  of  wheat 
in  Kansas  exceed  40  bushels  per  acre,  or  the  yield  of  corn  in  Iowa 
exceed  80  or  90  bushels  per  acre.  Experience  in  the  field  of  agri- 
culture justifies  the  statistician  in  assuming  that  the  yield  per  acre  for 
a  given  crop  falls  \vithin  definite  assignable  limits.  It  is  extremely 
important  that  the  statistician  have  an  understanding  of  the  funda- 
mental pattern  of  the  phenomena  of  the  yields  per  acre  for  a  given 
crop  in  a  particular  State  if  any  considerable  weight  is  to  be  attached 
to  inductions  that  he  may  make  in  the  way  of  estimates.  Mills 
(10)  says: 

Quantitative  inference  of  this  type  differs  in  no  wise  from  the  ordinary  process 
of  induction,  except  in  that  one  of  the  premises  is  in  quantitative  form,  and  that 
the  conckision  *  *  *  extends  an  average  value,  which  may  or  may  not  hold 
in  any  given  case.  Both  evidence  and  conclusion  deal  with  only  probable  and 
approximate  relationships  or  average  values,  and  in  this  lespect  accoid  more 
closely  with  actual  experience  than  do  the  premises  and  conclusions  of  universal 
inductions. 

The  pioblem  at  issue  in  the  discussion  of  the  validity  of  this  process  relates  to 
the  reliability  of  the  results,  to  the  stability,  when  applied  beyond  the  sample,  of 
the  averages,  ratios,  or  equations  computed.  The  whole  practical  problem  of 
statistics  centers  about  the  stability  of  such  results,  and  the  limits  to  such  stability 
when  the  results  are  generalized  in  this  waj'. 

When  the  average  of  a  sample  of  yield-per-acre  data  is  used  beyond 
that  sample  as  an  estimate  for  a  definite  geographical  area,  some  idea 
of  the  limits  within  wliich  the  statistical  measure  is  likely  to  fiuctuate 
is  a  practical  necessity.  The  problem  involves  the  theory  of  inverse  or 
empirical  probabilities.  "The  very  foundation  of  statistical  induc- 
tion, in  so  far  as  an  attempt  is  made  to  measure  the  stability  of  the 
conclusions,  rests  upon  the  validity  of  determining  probabilities 
empirically"  (10). 

The  validity  of  computing  probabilities  from  the  results  of  experi- 
ence is  a  controversial  subject.  Formulae  of  probable  errors  have 
been  developed  for  computing,  from  the  results  obtained  from  a 
limited  sample,  the  probabihty  of  securing  similar  results  in  a  study 
of  the  larger  groups  from  which  the  sample  was  drawn.  The  contro- 
versy centers  about  the  question  whether  empirical  evidence  alone  is 
sufficient.  Keynes  (9,  p.  384)  maintains  that  the  application  of 
mathematical  methods  to  the  general  problem  of  statistical  inference 
is  invalid. 

To  apply  these  methods  to  material,  unanalyzed  in  respect  of  the  circumstances 
of  its  origin,  and  without  reference  to  our  general  body  of  knowledge,  merely  on 
the  basis  of  arithmetic  and  of  those  of  the  characteristics  of  our  material  with 
which  the  methods  of  descriptive  statistics  are  competent  to  deal,  can  only  lead  to 
error  and  delusion. 

Most  of  the  activities  of  life,  however,  are  based  on  probabilities 
that  are  primarily  empirical.  Decisions  concerning  business,  engi- 
neering operations,  industry,  life  and  fire  insurance,  farming  opera- 
tions, etc.,  rest  upon  probabilities  that  are  based  on  experience- 
empirical.  Pearson  (13)  states  that  this  principle  of  inverse  proba- 
bilities rests  on  the  foundation  of  common  sense.  In  the  actual 
application  of  statistical  methods,  empirical  probabilities  play  a  domi- 
nant part,  but  this  application  must  necessarily  be  made  in  the  light 
of  sound  reason.  The  statistician  can  not  place  all  of  his  trust  in 
mere  mathematical  computations  of  the  average  of  the  sample  and 
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the  probable  error  of  the  average.  Unfortunately,  basic  knowledge  of 
the  phenomena  that  are  bemg  sampled  is  often  limited.  Men  who 
have  worked  extensively  with  crop  yields  and  other  samples  can  go 
practically  all  the  way  with  Keynes  (9)  when  he  says: 

The  commonly  received  opinions  as  to  the  bearing  of  the  observed  frequencies 
in  a  random  sample  on  the  constitution  of  the  universe  out  of  which  the  sample 
is  drawn,  though  generally  stated  too  precisely  and  without  sufficient  insistence 
on  the  assumptions  they  involve,  our  actual  evidence  not  warranting  in  general 
more  than  an  approximare  result,  are  not,  I  think,  fundamentally  erroneous. 
The  most  usual  error  in  modern  method  consists  in  treating  too  lightly  what  I 
have  termed  above  the  inductive  problem,  i.  e.,  the  problem  of  passing  from  the 
scries  Si,  S2,  etc.,  of  which  we  have  observed  samples,  to  the  series  S  of  which  we 
have  not  observed  samples. 

Accepting  the  average  of  a  sample  of  any  kind  as  an  absolute  figure 
to  represent  the  true  average  of  the  universe  from  which  the  sample 
was  drawn,  undoubtedly  is  not  scientific  procedure.  Use  of  its  proba- 
ble error  as  the  sole  basis  for  interpreting  the  average  of  a  sample  is 
an  important  forward  step  in  statistical  technic,  but  appraisal  of  the 
reliability  and  adequacy  of  the  sample  can  not  stop  at  this  point.  The 
statistician  must  assure  himself  that  the  sample  in  hand  actually  is 
meeting  the  assumptions  involved  in  the  concept  of  statistical  induc- 
tion and  in  the  application  of  the  theorem  of  inverse  probabilities. 

Although  an  array  or  frequency  distribution  of  the  sample  data  will 
throw  much  needed  light  on  the  validity  of  the  assimiption  of  the 
uniformity  of  nature  as  applied  to  yield-per-acre  phenomena  it  does 
not  settle  the  question.  In  all  of  the  samples  anal^yzed  in  this  study 
a  frequency  distribution  of  the  reported  yields  per  acre  of  a  given  crop 
for  the  crop-reporting  districts  and  for  the  State  was  fii'st  made. 
These  distributions  were  reasonably  symmetrical  with  a  tendency 
toskewness  toward  the  upper  limits.  This  skewness  is  due  to  the 
existence  of  a  positive  lower  limit  of  jdelds  per  acre  below  which  either 
the  crop  is  not  harvested  in  any  manner  or  is  a  failure.  The  upper 
range  of  jdelds  have  no  such  definite  limit,  as  the  yields  per  acre  vary 
considerably  over  a  State  and  in  a  few  localities  may  be  several  times 
hirger  than  the  average  for  the  State.  The  method  of  gi-ouping  the 
repoi-ts  by  ci'0])-reportiiig  districts  tended  to  isolate  these  high  yields 
into  a  few  districts,  thereby  decreasing  the  range  and  dispersion  in  the 
remaining  districts  and  rendering  the  district  sample  somewhat  more 
homogeneous  than  the  sajuple  for  the  State  as  a  whole. 

In  the  far  western  group  of  States,  where  there  is  a  great  variety 
of  natural  conditions  even  within  parts  of  the  same  county,  the  sam- 
l)los  showed  the  least  tendency  toward  symmetry  and  the  normal 
ciiiyc.  The  regrouiung  and  weighting  of "  the  yield  samples  on  the 
basis  of  irrigated  and  noniriigated  acreages,  initiated  generally  for  the 
first  time  during  1029,  will  undoubtedly  do  much  to  render  the  samples 
MKiro  honiogcnooiis  in  tlicsc^  States  and  strengthens  the  assum])tion  of 
iinilorniity  in  juiture.  It  suggests  the  desirabihty  of  im]uoving  the 
homogeneity  of  the  cro])-re])orting  districts  by  a  somewhat  more  logi- 
cal regroii])ing  of  the  counties. 

The  assnnijition  that  the  observations  were  selected  at  random 
inust  of  course  be  ((uaiilied  in  the  field  of  voluntary  crop  reporting. 
The  departure  from  randomness  known  as  stratification,  as  practiced 
l»y  the  (le])arlinent  in  selecting  the  sjun^ile  data  in  reality  increases 
the  slfihilily  of  ihc  axcnige  of  (h(>  stunple  juid  results  in  a  ])robiible 
error  somewhat  smaller  than  that  resulting  from  random  selection. 
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The  possibility  of  bias  or  noncompensating  errors  in  the  individual 
observations  makes  it  necessary  to  limit  the  application  of  the  theory 
of  probability  to  a  comparison  of  the  average  of  a  given  sample  with 
that  of  an  infinitely  large  sample  of  observations  similar  to  the  data 
in  the  sample.  This  suggests  the  imperative  need  of  developing  statis- 
tical information  concerning  the  imiverse  as  a  basis  for  checkmg  the 
sample  data  in  order  that  a  reliable  measure  of  bias  may  be  deter- 
mined, that  can  be  used  to  true-up  samples  collected  in  the  future. 
With  bias  definitely  measured,  it  next  becomes  a  problem  to  deter- 
mine the  factors  that  cause  bias  to  vary  from  year  to  year,  as  a  basis 
of  ascertaining  the  most  probable  amount  of  bias  under  a  given  set  of 
circumstances. 

The  departure  from  the  principle  of  pm'e  random  selections  biings 
to  the  foreground  the  important  question  of  the  representativeness  of 
the  sample — something  that  is  usually  taken  for  granted  when  random 
selection  is  employed.  Representativeness  should  be  tested  hy  the 
statistician  in  all  the  ways  his  ingenuity  can  devise,  even  if  he  is  so 
situated  that  he  can  use  random  selection. 

Years  of  experience  in  observing  the  close  agreement  of  the  averages 
of  reports  on  yields  per  acre  for  a  given  State  from  the  two  separate 
lists  of  crop  correspondents  have  justified  a  belief  in  the  stability  of 
these  yield-per-acre  samples  in  important  producing  States.  The 
difficulties  involved  in  attempting  to  make  satisfactory  estimates  of 
yields  per  acre  on  the  basis  of  available  sample  data  in  the  far  Western 
States  and  in  some  of  the  minor  States  and  with  highly  localized  crops 
has  led  to  the  anal3^tical  work  upon  which  this  study  is  based. 

RELIABILITY  OF  THE  ESTIMATES  FOR  SELECTED  CROPS 

The  analysis  of  the  official  estimates  of  crop  yields  per  acre  was 
undertaken  for  the  purpose  of  appraising  the  reliability  and  adequacy 
of  these  estimates  and  the  methods  employed  in  making  them.  Such 
an  appraisal  points  out  the  limitations  and  the  strength  of  these 
official  estimates  for  separate  crops  in  various  parts  of  the  country. 
The  resulting  practical  method  of  analysis  can  be  readily  adapted  to 
other  types  of  estimates  based  on  sample  data,  and  to  the  general 
use  of  quantitative  data  as  a  basis  for  inductive  generalization  and 
inductive  reasoning  in  the  field  of  economics  and  related  sciences. 

Many  of  the  improvements  that  have  been  suggested  in  consequence 
of  this  analysis  have  already  been  incorporated  as  a  part  of  the 
methods  now  in  use  by  the  Department  of  Agriculture. 

This  part  of  the  study  ^vill  be  confined  to  estimates  of  crop  yield 
per  acre  for  recent  years.  Many  are  primarily  interested  m  the 
reliability  and  adequacy  of  current  estimates,  and  especially  in  the 
reliability  of  a  comparison  of  the  latest  estimates  with  the  yield  the 
previous  year  or  with  the  5-year  or  10-year  average.  Others  are 
interested  in  evaluating  the  yield-per-acre  estimates  as  a  continuous 
historical  series.  Some  research  workers  are  using  these  estimates 
for  correlation  studies  with  weather  factors  as  a  basis  of  forecasting 
crop  yields  and  in  other  connections.  An  appraisal  of  the  historical 
series  of  estimates  of  crop  yields  per  acre  has  been  included  (p.  129). 
It  is  necessarily  largely  qualitative  because  of  the  scarcity  of  material 
and  information.  It  consists  of  a  brief  resume  of  the  significant  de- 
velopments in  sources  of  data,  methods  used,  and  personnel  as  they 
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might  be  expected  to  affect  the  representativeness  and  size  of  sample 
and  the  possibility  of  bias. 

In  the  more  important  agricultural  States,  where  agricultural  con- 
ditions are  not  extremely  varied,  the  regular  judgment  sample  as 
obtained  from  the  regular  township  and  field-aid  correspondents  has 
always  been,  and  continues  to  be,  the  primary  basis  of  the  estimates 
of  crop  j-ields  per  acre.  The  indi\ddual-farm  samples  are  used  to 
supplement  the  judgment  samples  and  can  be  evaluated  more  advan- 
tageously in  connection  vdih  the  estimates  of  acreage  and  numbers  of 
livestock,  which  are  based  almost  entirely  on  indi^ddual-farm  returns. 
The  judgment  type  of  inquiry  is  used  also  in  obtaining  sample  data 
on  crop  yields  per  acre  from  business  men  in.  agricultural  communities. 
These  "special  mquiries"  as  they  are  called,  to  distinquish  them  from 
the  regular  monthly  inquuies,  are  limited  to  the  more  important 
cash  crops,  and  then-  use  in  a  particular  State  is  largely  optional  with 
the  State  statistician.  Field  observation  on  the  part  of  trained 
agricultural  statisticians,  special  samples,  tndi^a dual-farm  samples, 
and  check  data  on  production  have  all  been  used  to  supplement  the 
judgment  sample  from  regular  crop  reporters. 

The  objective  of  sampling  with  the  judgment  inquiry  is  to  secure 
a  sample  that  can  be  used  in  an  absolute  rather  than  a  relative  sense. 
It  is  to  secure  a  Aneld-per-acre  figure  which,  when  multiplied  hj 
acreage  harvested,  will  give  the  total  production  of  a  crop  for  a  given 
State.  "^ATien  experience  has  shoA\Ti  bias  to  be  present,  the  average 
of  the  sample  must  be  corrected  for  this  bias  in  so  far  as  possible 
before  it  can  be  utilized  as  an  estimate  of  yield  per  acre. 

PROCEDURE 

The  presentation  followed  in  the  analysis  of  the  estimates  of 
yields  per  acre  for  each  of  the  several  crops  is  as  follows: 

(1)  A  general  appraisal  of  the  geographic  representativeness  of  the  sample  is 
made  largely  on  the  basis  of  a  comparison  of  the  straight  average  (arithmetic 
mean  of  all  the  reports  for  the  State)  and  the  weighted  average  (district  or  county 
averages  weighted  by  estimates  of  current  acreage)  of  both  the  townsliip  and 
field-aid  samples  taken  at  the  same  time.  A  table  for  each  crop  is  given.  These 
tables,  presenting  this  comparison  for  each  crop,  show  the  two  types  of  averages 
(from  the  two  corps  of  crop  reporters)  for  each  of  two  years,  by  States,  along 
with  the  official  estimates  of  yields,  and  the  estimates  of  acreage  of  the  crop 
harvested. 

(2)  For  two  crops,  wheat  and  corn,  the  frequency  distribution  of  the  original 
observations  from  the  township  sample  are  shown  "for  several  States.  The  dis- 
tribution of  the  sample  and  tlic  tendency  of  the  reports  to  be  made  in  figures 
divisible  by  5  or  by  2  are  ty[)ical  of  practically  all  crops,  consequently  tliis  t^^pe  of 
material  was  not  included  for  the  others.  'These  two  tables  indicate  the  pos- 
sibility of  large  errors  of  ob.vervation,  or  errors  that  are  largely  compensating, 
and  due  to  the  correspondent's  making  estimates  for  his  locality  in  figures  divi- 
sible by  5  or  2. 

(3)  The  matter  of  liias  (noncompcnsating  errors)  in  the  individual  observa- 
tions of  the  sample  is  given  consideration.  Unfortunately  an  analysis  of  the 
eample  ifscif  furnishes  no  roliat)lc  measure  of  the  extent  of  bias.  Bias  can  bo 
ni(!!i,sured  only  when  check  infornuition  of  some  kind  is  availalile  for  the  State. 
The  ginnings  of  cotton,  for  example,  as  determined  by  actual  count  by  the  Census 
Hurcau,  furnish  a  check  on  the  estimates  of  ])roduction  of  cotton,  but  no  very 
sati.sfactory  nuithod  has  been  dcvelojied  for  allocating  the  existing  bias  between 
Baniple  fiata  of  acreage  changes  and  samph>  data  of  yields  per  acre.  An  under- 
Rtatenient  bias  is  always  expected,  but  not  always  found,  with  all  sample  data 
concerning  important  cash  croi)s.  If  the  sample  is  to  be  used  in  an  absolute 
HciiHe,  a.s  with  the  judgment  samples  of  yields,  this  is  a  serious  difficulty  in  making 
accurate  estimates,  but  if  the  successive  samples  are  to  be  used  on  a  relative 
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basis  to  indicate  change  as  with  individual-farm  samples  of  yields  or  acreage, 
this  difhcultj^  vanishes  entirely,  provided  there  is  a  constant  degree  of  bias  and 
a  closely  similar  degree  of  selectivity  in  the  successive  samples.  Any  shift  in 
the  degree  of  bias  or  selectivity  invalidates  the  use  of  sample  data  on  a  relative 
basis  unless  adequate  allowance  can  be  made  for  the  change  in  bias  or  the  samples 
can  be  stratified  and  weighted  in  such  a  way  as  to  eliminate  the  shift  in  selectivity, 
as  is  now  done  with  individual-farm  samples  of  acreage.  The  experience  of  the 
Department  of  Agriculture  in  discovering  the  presence  of  bias  with  individual 
crops  is  briefly  stated  in  connection  with  each  crop.  It  is  also  possible  to  observe 
to  what  extent  the  Crop  Reporting  Board  has  made  allowance  for  bias  and 
selectivity  by  comparing  the  final  estimates  with  the  sample  indications  in  the 
tables  mentioned  above  as  appearing  in  connection  with  the  first  step  of  this 
analytical  procedure. 

(4)  Consideration  is  given  to  the  experience  of  the  department  with  the  so- 
called  preventable  errors,  which  are  due  to  misunderstanding  of  the  question- 
naire, wherever  this  type  of  error  has  been  found  to  have  any  material  influence 
on  the  reliability  of  the  sample  indications.  Customary  units  of  measure  vary 
in  different  sections  of  the  country.  Spring-wheat  farmers  do  not  always  include 
durum  wheat  under  the  caption  of  "all  spring  wheat"  on  a  questionnaire. 

(5)  The  fifth  step  in  this  procedure  deals  with  the  problem  of  stability  of  the 
sample  or  the  precision  of  the  averages  of  the  sample  data.  From  a  study  of  the 
sample  itself  it  is  possible  to  gain  some  idea  as  to  the  homogeneity  of  the  universe 
from  which  it  is  drawn  and  to  ascertain  whether  a  given  sample  is  of  adequate 
size  and  the  observations  sufficiently  concentrated  about  some  central  value 
to  give  significance  to  the  average  of  the  sample. 

The  matter  of  stability  and  precision  is  approached  in  two  ways:  (1),  Some- 
what empirically  by  a  comparison  of  the  averages  of  the  two  separate  samples  of 
township  and  field-aid  reports,  taken  at  the  same  time  and  under  similar  con- 
ditions, and  (2),  by  the  more  technical  method  of  probable  error  analysis.  The 
tables,  previously  mentioned  under  the  phase  of  analysis  which  treats  of  the 
representativeness  of  the  sample,  make  this  comparison  possible  for  both  the 
1927  and  1928  crops.  These  comparisons  are  for  all  States  that  grow  10,000  or 
more  acres  of  a  given  crop  and  where  the  two  lists  have  not  been  combined.  For 
each  of  the  14  different  crops,  usually  in  several  different  States,  yield-per-acre 
samples  have  been  subjected  to  statistical  analysis  and  some  of  the  results  are 
shown  in  one  or  more  tables  for  each  crop.  These  tables  give  illustrations  of 
size  of  sample,  measures  of  dispersion,  and  probable  error,  by  States;  and  in  some 
of  the  more  important  States  by  crop-reporting  districts. 

A  satisfactory  distribution  of  crop  reporters  by  agricultural  town- 
sliips  is  •maintained  by  eliminating  those  reporters  who  fail  to  report 
with  reasonable  regularity  and  by  recruiting  new  crop  reporters 
promptly  to  take  the  places  of  those  who  are  eliminated.  In  Iowa, 
a  waiting  hst  is  maintained  for  farmers  who  wish  to  serve  as  crop 
correspondents.  It  is  extremely  difficult  to  maintain  a  satisfactory 
distribution  of  voluntary  correspondents  in  States  that  have  a  scat- 
tered agricultural  population,  as  in  many  of  the  far  Western  and 
Mountain  States,  or  where  the  farmers  speak  a  foreign  language  or 
receive  little  schooling. 

Reports  concerning  a  given  crop  are  received  from  those  districts 
in  which  that  crop  is  commonly  grown,  and  conseciuontly  with  such 
crops  the  reports  tend  to  be  distributed  in  about  the  same  pattern  as 
the  acreage  of  the  crop,  and  the  straight  and  weighted  averages  of  a 
given  sample  do  not  differ  widely.  When  the  returns  are  not  distrib- 
uted between  districts  in  proportion  to  the  acreage  of  the  crop,  the 
weighting  of  the  district  samples  by  the  acreage  of  the  particular  crop 
for  the  current  year  tends  to  improve  the  geograpliic  representative- 
ness of  the  sample  and  makes  the  weighted  average  more  representa- 
tive for  the  entire  State  than  the  unweighted  or  straight  average. 
Weighting  wdtliin  the  crop-reporting  districts  is  considered  unnecessary 
except  for  those  crops  the  acreage  of  which  is  highly  localized  within 
Umited  areas,  as  is  likely  with  fruit  and  vegetable  crops.  With  the 
more  universally  grown  crops  the  differentiation  as  to  acreage  and 
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34elds  per  acre  is  usually  much  greater  over  a  territory  as  extensive 
as  a  State  than  over  a  territory  approximately  only  one-ninth  of  the 
State. 

Even  vdih  generally  distributed  crops,  however,  in  important 
producing  States  the  final  estimates  of  jdeld  per  acre  are  frequently 
derived  from  county  estimates  made  at  the  close  of  the  season  on  the 
basis  of  a  vast  amount  of  supplementary  information.  That  is,  the 
State  statistician  makes  an  estimate  of  acreage  and  yield  per  acre 
and  production  of  a  crop  for  each  county  on  the  basis  of  all  available 
information.  Wlien  the  total  production  of  all  the  counties  for  the 
State  is  divided  by  the  total  acreage,  a  derived  estimate  of  yield  per 
acre  is  obtained  for  the  State.  This  method  is  feasible  when  an 
assessor's  enumeration  of  the  acreage  devoted  to  each  crop  is  made 
each  year,  as  in  Kansas,  Nebraska,  Iowa,  and  Wisconsin,  or  where 
an  annual  sample  census  of  a  representative  locality  in  each  county 
is  made  each  year,  as  in  Alabama. 

The  tables  for  each  crop  by  States,  for  1927  and  1928,  sho\\'ing  the 
averages  obtained  from  the  separate  samples  from  to\\'nship  and 
field-aid  correspondents  permit  a  practical  and  nontechnical  approach 
to  the  problem  of  the  stability  of  the  sample  and  the  precision  of  the 
averages  obtained  from  the  samples  of  yields  per  acre.  If,  for  a  large 
group  of  States  in  two  different  years,  the  weighted  averages  of  the  two 
samples  are  in  close  agreement,  the  observer  would  be  satisfied  to 
conclude  that  such  samples  are  reasonably  stable  and  that  these 
averages  would  not  be  materially  altered  by  increasing  the  size  of  the 
State  samples,  provided  the  larger  samples  were  taken  at  the  same  time 
and  under  similar  conditions.  It  is  likely  that  when  such  samples  are 
analyzed  it  will  be  found  that  the  probable  errors  are  not  excessive 
and  that  the  averages  have  a  high  degree  of  precision. 

Such  conclusions  are  justified  on  the  assumption  that  the  two 
samples  for  each  State,  one  obtained  from  township  correspondents 
and  one  from  field  aids,  are  two  separate  samples  taken  under  practi- 
cally similar  conditions  as  to  time,  distribution  of  reporters,  and  the 
system  of  stratification  and  weighting  used.  Some  differences  between 
the  averages  of  two  such  samples  do  exist  in  particular  States  and  in 
certain  years.  The  most  important  single  cause  of  such  differences 
lies  in  the  method  of  editing  the  returns  after  they  are  received  (either 
in  the  State  office  or  in  Washington).  Generally  speaking,  the  editing 
of  tlie  township  returns  in  the  Washington  office  is  a  more  mechanical 
and  probably  a  more  uniform  ])rocess  as  between  States  than  is  the 
cdiling  of  the  licld-aitl  returns  in  the  various  State  offices,  where  the 
State  statistician  usually  has  some  direct  knowledge  of  the  situation 
existing  in  his  .State. 

Take,  for  example,  the  prol)loin  of  editing  the  yields  per  acre  of  a 
crop  when  a  few  corresijondonts  report  a  zero  yield.  Zeros  should  be 
retained  or  eliminated,  depending  on  whether  the  abandonment  of 
acreage  lias  been  allowed  for  in  the  estinuites  of  acreage.  If  the 
estinuite  of  acreage  includes  only  land  that  was  actually  harvested, 
tiicn  tlic  zeros  should  be  eliniiiuitcd  before  the  calculation  t>f  the 
averages  for  the  districts  or  the  State  average.  But  if  the  estimate 
of  yield  per  acre  is  to  be  made  })rior  to  the  final  revision  of  the  acreage 
cstiinntcs,  and  ihciv  luis  becMi  more  ahondoninont  than  usumI  in  a 
particuhir  season,  ihcn  soni(>  of  the  zeros  should  undoubtedly  be 
retained  in  the  Hani|)le  in  onh'r  that  the  estimate  of  yield  can  be  applied 
to  the  current  estimate  of  acreage  in  obtaining  an  estimate  of  produc- 


ADEQUACY   AND    RELIABILITY    OF    CROP-YIELD    ESTIMATES 


43 


tion.  In  seasons  in  which  abandonment  and  crop  faihire  are  greater 
than  usual,  difTerences  in  editing  are  easily  possible  and  differences 
between  the  computed  averages  of  the  reports  from  the  two  lists  of 
correspondents  will  tend  to  reflect  greater  differences  than  might  be 
expected  merely  from  the  fluctuations  of  sampling. 

The  statistical  description  of  the  individual  sample  used  in  this 
anatysis  results  in  a  reduction  of  the  mass  phenomenon  of  5delds  per 
acre  to  several  liighly  significant  and  important  measurable  character- 
istics such  as  the  number  of  observations,  the  average,  the  standard 
deviation,  coefficient  of  variation,  probable  error,  and  relative  prob- 
able error.  Other  characteristics  of  the  sample,  such  as  the  type  of 
distribution  of  the  observations  and  skew^ness,  are  not  quantitatively 
measured,  but  are  evaluated  grapliically  by  inspection. 

The  yield  data  for  a  given  crop  year  and  State  were  tallied  by 
districts  so  arranged  as  to  form  frequency  distributions  for  crop- 
reporting  districts  and  for  the  State  as  a  w^hole.  From  tliis  tally  of 
the  frequency  distribution  it  was  possible  to  determine  in  a  general 
way  the  homogeneity  of  the  sample,  type  of  distribution,  and  skew^ness, 
both  by  districts  and  for  the  entii'e  State.  Typical  frequency  distri- 
butions for  selected  States  are  shown  in  Tables  2  and  3.  From  the 
frec|uency  distribution  the  average  of  the  sample,  the  standard 
deviation  and  the  coefficient  of  variation  are  computed  by  methods 
described  in  standard  text  books  on  statistical  methods.  The  prob- 
able error  (of  the  mean)  is  computed  by  the  usual  formula  for  samples 
exceeding  30  observations.^  The  relative  probable  error  is  secured 
by  expressing  the  probable  error  as  a  percentage  of  the  average  yield. 

Table  2. — Number  of  reports,  at  specified  yields  per  acre,  of  winter  wheat,  received 

from  township  reporters,  August,  1928 


Reported  yield  (bushels) 

Oregon 

Kansas 

New 
Mexico 

Wash- 
ington 

Colo- 
rado 

Utah 

Pennsyl- 
vania 

lUinois 

2 

1 

3 

1 
2 

4 

1 

1 

14 

3 

7 

16 

5 

3 

1 

15 

6 

1 

1 

10 

3 

8 

5 

3 
16 

4 
30 

9 
19 
58 
21 
17 
36 

2 
76 

4 
10 

6 

1 

3 

17 

9 

1 

10 ._ 

2 

1 

7 

33 
2 

23 
6 
6 

35 

11 
8 

21 

37 

11 

2 

12 ._ 

1 

3 

2 

2 
1 

27 

13 

3 

14 

1 
5 

1 
2 

1 
10 
2 
1 
3 

8 

15 

6 
1 

3 
1 

27 

16 

9 

17 

4 

18 

3 

2 

23 

19 . 

4 

20 

11 

3 

13 

11 

4 

37 
4 
7 
4 
5 

19 
3 
5 
3 

46 

21 

4 

22 

1 

1 

1 

1 

14 

2 

9 

23 

1 

24 

1 
4 

" s' 

3 

25 

6 

33 
3 
1 

2 

16 

26 

4 

27 .  . 

1 

1 

2 

28 

1 

29 _.. 

30 

8 

5 

1 

2 

15 

13 

9 

1 

4 

5 

31 

2 

32 

1 

2 

33 

34 

1 
2 

35 

5 

1 

5 

1 

1 

36 

•  Probable  error = 


0.6745  times  standard  deviation 

Square  root  of  the  number  of  observations 
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Table  2 — Number  of  reports,  at  specified  yields  per  acre,  of  winter  wheat,  received 
from  township  reporters,  August,  1928. — Continued 


Reported  yield  (bushels) 

Oregon 

Kansas 

New 
Mexico 

Wash- 
inston 

Colo- 
rado 

Utah 

Pennsyl- 
vania 

Illinois 

37                           

3S         

39                    

40                                               .     - 

5 

6 

6 

2 

1 

41  

42                             

43 .-- 

1 

44                             

45 

1 

1 

46 

47                             

48 

49 

50 

1 

Total 

50 

360 

21 

77 

65 

28 

281 

283 

Table  3. — Number  of  reports,  at  specified  yields  per  acre,  of  corn,  received  frorti 

township  reporters,  November,  1928 


Reported  >neld  (bushels) 

Indi- 
ana 

Iowa 

Georgia 

Okla- 
homa 

M^yo- 

ming 

Colo- 
rado 

Utah 

New 
York 

0 

1 

5 

2 

26 

10 

16 

32 

3 

61 

5 

27 
1 
4 
37 
3 
3 
8 

3 

4 

6 - 

1 

1 

1 

5 
2 
2 
2 

-_ 

1 

6 

1 

7 -.- 

8 

1 

1 

13' 

r 

2 

9 _ 

10 

8 

i 

5 

4 

11.... 

12 

2 

8 
1 

1 
1 

13 

1 

14 

1 

17 

15 

12 

32 
3 
6 

13 

3 

4 

16 

17 

1 

18 

5 

1 

32 

2 

1 

19 

20 

2 

19 

88 
2 

10 
4 
4 

44 
1 
2 
6 

9 

16 

1 

10 

21 

22 

3 

1 

23.... 

24 

1 
55 
2 
1 
4 

1 
7 

1 

25.. 

3 

1 
1 

»; 

1 

26 

8 

4 

1 

1 

13 

26 :.:.:::::::::::::: 

1 

27 

28 

29 

30 

91 

2 

35 

1 
2 

3 

6 

1 

20 

31 

1 

32 

4 

1 

7 
1 
h 

51) 

12 
4 

19 
1 

97 
1 

18 
3 
4 

93 
5 
4 

18 

62 
5 

17 

li) 
3 

88 

1 

34 

.. 

1 
14 

1 

36 

66 

1 

4 

4 

1 

19 

36 

4 

37 

1 

38 

14 

18 

39 

40 

92 

1 

1 

6 

9 

2 

40 

41 

42 

1 

43 

1 

44 

1 

46 

30 

1 

: 
:i 

1 

7 

3 

1 

1 

13 

46 

47 

48 

60 

1 

2 

1 

4 

\ 

28 

62 

1 

66 

1 

68 

1 

60 

5 

I 

3 

1 

14 

66 



■> 

Total 

485 

500 

278 

302 

36 

92 

13 

204 
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One  purpose  of  computing  the  probable  error  is  to  determine 
whether  the  sample  is  of  sufficient  size  to  give  a  reasonable  degree  of 
stability  to  the  average  yield  as  calculated  for  the  State.  Unless  there 
is  reasonable  stability  or  precision  in  the  average  of  the  sample  ob- 
tained from  crop  correspondents,  there  is  no  point  from  which  to 
measure  the  bias  of  the  observations  or  the  lack  of  representativeness 
of  the  sample. 

The  sample  analyzed  is  usually  either  the  township  sample  or  the 
field-aids  sample.  If  the  sample  is  a  combination  of  the  returns  from 
both  lists  of  correspondents  or  from  a  special  list,  it  is  so  designated  by 
a  footnote  to  the  table  in  which  it  occurs.  Consequently,  in  con- 
sidering the  possible  influence  of  the  fluctuation  of  sampling  on  the 
estimate  of  yield  per  acre  for  a  given  crop  in  a  particular  State,  allow- 
ance should  be  made  for  the  fact  that  the  basic  sample  data  were 
composed  of  two  samples,  the  sample  analyzed — perhaps  the  field 
aids — and  another  similar  one  from  the  township  correspondents  of 
about  the  same  size.  Doubling  the  size  of  the  sample  will  reduce  the 
probable  error  nearly  30  per  cent.  In  many  States  the  supplementary 
sample  data  on  wliich  the  final  estimate  of  jdeld  is  based  are  several 
times  as  numerous  as  either  the  townsliip  or  field-aids  data. 

The  standard  deviation  and  coefficient  of  variation  both  serve  as 
means  of  describing  the  dispersion  found  in  the  sample,  which  in  turn 
approximates  the  dispersion  in  the  universe  of  crop  yields  from  which 
the  sample  is  drawn,  whether  it  be  the  State  or  the  crop-reporting 
district.  The  dispersion  of  the  districts  is  of  special  interest  from  the 
standpomt  of  the  possible  influence  of  stratification  of  the  sample  into 
crop-reporting  districts.  The  smaller  the  dispersion  of  the  sample 
witliin  districts  as  compared  with  the  sample  on  a  State  basis  meas- 
ured by  the  standard  de^dation,  the  more  efi^ective  is  the  influence  of 
stratification  in  increasing  the  precision  of  the  weighted  State  average 
above  that  shown  for  the  straight  average. 

The  probable  error  of  the  straight  average  may  be  considered  as  a 
maximum  measure  of  the  influence  of  the  fluctuation  of  sampling  in 
practically  all  samples  of  crop  yields  per  acre.  The  extent  to  w^hich 
the  true  probable  error  of  the  weighted  average  of  yield  samples  is 
actually  smaller  than  the  probable  error  of  the  straight  average  (as 
calculated  in  this  study)  depends  upon  the  dispersion  pattern  of  yields 
over  a  given  State.  If  there  is  fully  as  much  dispersion  in  the  reports 
from  a  county  or  crop-reporting  district  as  from  the  entire  State,  no 
decrease  in  probable  error  is  to  be  expected  when  the  sample  is  strati- 
fied by  coimties  or  districts  and  a  weighted  average  is  computed  by 
weighting  the  averages  of  these  strata.  The  same  reasoning  would 
apply  when  the  universe  is  stratified  by  townsliips  and  one  or  more 
reports  are  secured  from  each  townsliip.  That  is,  if  there  is  as  great 
dispersion  in  yields  in  the  townsliips  as  for  the  entire  State  there  is  no 
possibility  of  reducing  the  probable  error  by  selecting  the  crop  cor- 
respondents by  townships.  The  more  homogeneous  and  uniform  the 
universe  of  inciuiry,  the  smaller  is  the  reduction  in  probable  error 
effected  by  stratification. 

The  influence  of  the  stratification  of  the  sample  into  crop-reporting 
districts  may  be  detected  in  either  of  two  w^ays,  (1)  by  comparing  the 
average  dispersion  of  the  observations  in  each  district  vnth  the  dis- 
persion of  all  the  observations  on  a  State  basis,  or  (2)  by  computing  the 
dispersion  of  the  district  averages  for  the  State.     The  larger  tliis  dis- 
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persion  of  these  district  averages,  the  greater  the  influence  of  strati- 
fication. This  is  true  because  the  sum  of  these  two  measures  of 
dispersion  expressed  as  ^•ariance  ^^  is  equal  to  the  dispersion  of  all  the 
observations  for  the  entire  State  when  the  districts  all  have  equal 
weights  and  the  samples  have  the  same  number  of  observations  from 
each  distiict.  When  the  weights  of  the  strata  are  not  equal,  as  is  the 
case  with  crop-reporting  districts,  the  improvement  resulting  from 
stratification  tends  to  be  offset  by  any  high  degree  of  dispersion  in  the 
weights  themselves. 

The  analysis  of  the  estimates  of  the  yields  per  acre  of  winter  wheat 
are  made  in  greater  detail  than  for  other  crops  and  forms  a  standard 
%v'ith  which  other  crops  may  be  compared. 

WINTER   WHEAT 

REPRESENTATIVENESS 

The  acreage  of  the  wmter-wheat  crop  is  generally  well  distributed 
over  a  State  geographically;  consequently  with  a  sample  of  the  yields 
per  acre  as  large  as  that  obtained  in  most  States,  it  is  not  difficult  to 
obtain  geographic  representation.  In  only  a  few  States  of  importance 
in  \\inter-wheat  production  east  of  the  Rocky  Mountains  is  there  a 
difi'erence  of  more  than  1  bushel  between  the  straight  average  (arith- 
metic mean  of  all  the  reports  for  the  State)  and  the  w^eighted  average 
(district  or  county  averages  weighted  by  estimates  of  current  acreage) 
of  yields  per  acre  of  winter  wheat  computed  from  the  same  sample  of 
reports  of  crop  correspondents.  (Table  4.)  Rather  wdde  differences 
exist  between  the  straight  and  weighted  averages  of  the  jdeld  samples 
in  the  Mountain  and  Pacific  Coast  States.  It  is  difficult  to  obtain  a 
representative  sample  in  these  States.  The  reports  are  frequently 
concentrated  in  the  areas  of  greatest  agricultural  population,  usually 
in  u'rigated  sections  farmed  intensively  and  gro^ving  less  wheat  than 
the  dry-land  areas  of  the  State,  from  which  it  is  difi"icult  to  secure 
cro|)  reporters.  Although  weighting  county  or  district  averages  of 
yield  by  acreage  tends  materially  to  improve  the  representativeness  of 
the  wheat-yield  samples  in  most  States,  it  is  necessary  further  to 
stratify  and  weight  the  sample  within  each  district  on  the  basis  of 
in-igated  and  nonirrigated  land.  As  the  samples  of  crop  >delds  in 
these  far  Western  States  have  been  weighted  on  the  basis  of  imgated 
and  nonirrigated  land  in  addition  to  weighting  by  crop-reporting 
districts,  since  1929  it  is  ex])ected  that  the  representativeness  of  the 
yielcl-per-acre  samples  in  these  States  will  be  improved. 

'0  This  roncei)!  is  used  by  K.  .\.  Fisher  in  connection  with  Ihe  explanation  of  total  dispereion  in  the  de- 
jiendcni  varinhlo  diio  first  to  covariation  In  the  independent  variable,  and  second  to  other  factors  not  asso- 
ciated with  the  independent  variable  (5). 
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Table  4. — Winter  wheat:  Averages  of  yields  per  acre  computed  from  reports  of  crop 
correspondents,  and  the  official  estimate,  by  States,  1927  and  1928 


state 


New  York 

New  Jersey 

Pennsylvania.. 

Ohio 

Indiana 

Illinois 

Michigan 

Wisconsin 

Minnesota 

Iowa 

Missouri 

South  Dakota.. 

Nebraska 

Kansas. 

Delaware 

Maryland 

Virginia 

West  Virginia.. 
North  Carolina 
South  Carolina. 

Georgia 

Kentucky 

Tennessee 

Arkansas 

Oklahoma 

Texas 

Montana 

Idaho 

Wyoming 

Colorado 

New  Mexico 

Arizona 

Utah 

Nevada 

Washington 

Oregon 

California 


1927 


as 

(3 


< 


1,000 

acres 

289 

60 

1,090 

1,610 

1,782 

2,293 

891 

73 

155 

400 

1,568 

105 

3,457 

9,936 

98 

525 

687 

135 

483 

80 

125 

296 

528 

28 

3,708 

1,850 

648 

501 

54 

1,086 

25 

58 

152 

4 

1,228 

900 

812 


Reported  by 
the  town- 
ship list 


.t;  a 

to  0 

>  a 
< 


Bush- 
els 
21.9 
23.8 
18.5 
18.1 
16.0 
13.9 
20.9 
22.5 
21.2 
20.1 
10.2 
18.1 
20.1 
12.1 
19.3 


11.6 
13.7 
10.7 
11.2 

9.7 
10.5 

8.1 
10.9 

9.6 
10.2 
18.4 
25.5 
21.7 
20.5 
15.2 
20.0 
21.3 
27.5 
26.6 
24.0 


■a  05 


Bush- 
els 
21.8 
23.2 
18.  1 
18.6 
15.5 
12.3 
21.3 
22.2 
21.6 
19.0 
9.5 
17.6 
19.5 
10.7 


12.0 
13.5 
10.6 
11.  1 

9.7 
10.0 

8.0 
10.7 

9.1 
10.0 
18.8 
23.4 
16.1 
17.5 
13.4 
20.0 
20.5 
27.5 
25.4 
25.9 


Reported 
by  the  field- 
aid  list 


©  S 

03  "H 

>  a 


Bush- 
els 
22.0 
23.8 
17.9 
17.2 
16.1 
14.2 
21.3 
23.7 
20.8 
19.3 
10.1 
18.6 
20.3 
11.5 
18.4 
17.2 
12.0 
13.5 
11.3 
11.0 
9.1 
10.3 
6.6 
15.9 
9.3 
11.1 
20.1 
26.9 
22.9 
18.2 
10.1 
23.0 
24.9 
25.4 
28.4 
26.1 
18.1 


"S 


Bush 

els 

21.5 

22.5 

18.2 

17.8 

15.8 

13.2 

22.0 

24.1 

21.2 

19.3 

9.9 

18.2 

19.9 

10.6 

21.8 

17.5 

12.4 

13.1 

10.8 

10.8 

8.8 

9.5 

6.4 

11.8 

9.0 

9.4 

19.8 

24.0 

22.5 


14, 
3. 
22. 
22 
25. 
27.6 
28.6 
16.8 


e 

o 


Bush- 
els 
21.0 
23.0 
18.5 
18.0 
15.5 
13.6 
21.5 
23.5 
21.4 
19.0 
10.0 
18.0 
20.5 
11.2 
19.0 
17.5 
12.2 
13.3 
10.7 
11.0 
9.2 
9.5 
7.0 
11.5 
9.0 
9.7 
22.0 
24.5 
17.0 
13.0 
6.0 
25.0 
19.0 
24.0 
29.5 
26.0 
16.8 


1928 


1,000 

acres 

306 

60 

1,101 

864 

900 

1, 261 

882 

42 

165 

411 

1,490 

105 

3,492 

10, 433 

102 

530 

673 

122 

444 

64 

94 

125 

422 

22 

4,413 

2,016 

810 

456 

62 

923 

160 

47 

162 

4 

1,424 

837 

780 


Reported  by 
the  town- 
ship list 


.t:  a 
oj  a> 

^  a 


Bush- 
els 
17.6 


16.0 
11.9 
11.1 
15.6 
10.  8 
19.2 
17.3 
19.6 
13.4 
14.0 
18.7 
17.4 


14.0 
12.7 
11.5 
12.3 
11.4 
10.9 
9.8 
15.  1 
12.6 
11.8 
14.9 
23.0 
17.8 
22.  1 
i5;7 
28.7 
25.  S 
25.7 
24.6 
26.2 


T3  05 
o  to 

J=   1.. 
_&JiO> 


Bush- 
els 
16.7 


15.6 
11.6 
11.1 
16.3 
16.  1 
18.0 
16.7 
19.4 
13.0 
12.1 
18.4 
16.7 


14.  1 

12.4 

11.4 

12.3 

11.1 

9.9 

9.8 

13.9 

13.0 

9.8 

12.8 

21.6 


19.4 
7.2 


24.6 

23."3' 
28.6 


Reported 
by  the  field- 
aid  list 


.■s  a 

I-  IS 
03  05 

05   M 

^-a 


Bush- 
els 
17.6 
19.5 
15.1 
11.4 
10.2 
14.4 
16.1 
18.1 
16.3 
19.5 
13.1 
13.2 
19.3 
17.5 
18.0 
16.1 
14.2 
13.6 
12.4 
13.1 
11.4 
9.2 
9.2 
12.0 
12.6 
11.2 
15.8 
24.9 
22.3 
21.2 
16.4 
25.8 
24.9 
26.4 
28.0 
2.5.4 
21.6 


ho  <35 


Bush- 
els 
17.7 
19  0 
15.2 
12.0 
10.3 
14.6 
16.9 
18.0 
16.0 
19.7 
12.5 
11.7 
19.6 
17.3 


16.6 
14.8 
13.5 
12.2 
12.6 
11.3 
9.4 
9.2 
10.0 
13.4 
10.1 
16.0 
24.6 
17.9 
17.0 
9.9 
21.9 
24.4 

26.'2 
25.0 
21.0 


a 

w 

O) 

I— < 

sa 
o 


Bush- 
els 
14.8 
20.0 
15.5 
10.8 
10.5 
14.0 
16.0 
18.6 
16.0 
19.6 
12.7 
12.0 
19.1 
17.0 
18.0 
16.5 
14.5 
13.0 
11.6 
12.  6 
11.0 
8.0 
8.8 
11.5 
13.5 
11.0 
16.0 
23.0 
15.0 
12.0 
10.0 
27.0 
23.0 
26.0 
26.0 
24.0 
21.0 


Crop  reporting  district  or  county  averages  weighted  by  acreage  weights. 


ERRORS  OF  OBSERVATION 

Errors  of  observation,  due  to  an  inaccurate  knowledge  of  the  pro- 
duction of  a  given  field,  are  undoubtedly  smaller  with  a  crop  like 
wheat  that  is  threshed  and  sold  than  with  a  feed-grain  crop  like  oats, 
which  is  often  fed  to  hvestock  without  being  threshed.  The  tendency 
to  estimate  yield  per  acre  in  rounded  figures  divisible  by  5  also  results 
in  errors  of  observation.  In  the  group  of  States  shown  in  Table  2, 
about  68  per  cent  of  the  reports  were  in  figures  divisible  by  5.  The 
figures  divisible  by  2  w^ere  more  popular  than  odd  numbers.  Errors 
of  observation  are  not  serious  with  large  samples.  Since  they  tend 
to  increase  the  standard  de^^ation  of  the  sample  beyond  that  of  the 
universe  of  inquiry,  their  influence  is  inseparable  from  that  of  the 
fluctuation  of  sampling. 
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BIAS 


Since  ^\•inte^  wheat  is  an  important  cash  crop  in  many  areas,  some 
"cash-crop  bias"  or  understatement  in  the  crop  reporter's  estimate  of 
^-ield  per  acre  for  his  locahty  might  be  expected.  In  no  ^^dnte^-\vheat 
State  have  the  shipments  and  mill-door  receipts  of  wheat  been  siifR- 
ciently  complete  to  fonn  a  reliable  check  on  the  accuracy  of  the  esti- 
mate of  wheat  production;  consequently  no  measure  of  bias  is  availa- 
ble at  present.  Such  a  check  is  needed  and  will  be  obtained  even- 
tually when  time  and  funds  permit.  It  is  difficult  to  ehminate  dupli- 
cation of  shipments  and  receipts  of  out-of-State  wheat  when  milling 
has  grown  into  an  industry  of  considerable  importance  in  a  State 
consequently,  obtaining  adequate  check  data  involves  more  than  a 
mere  tabulation  of  car-lot  shipments  from  the  railroads. 

In  past  years  the  estimates  of  total  wheat  production  in  the  United 
States  have  frequently  been  smaller  than  the  supply  of  wheat  that  can 
be  accounted  for  on  a  national  basis  from  reported  grindings,  exports 
and  imports  of  wheat,  and  estimates  of  wheat  used  for  feed,  seed,  and 
wheat  wasted.  This  fact,  combined  ^^dth  the  tendency  for  "cash- 
crop  bias"  to  appear  with  crops  sold  from  the  farm,  leads  the  statisti- 
cian to  be  on  his  guard  against  such  a  bias  with  winter  wheat,  espe- 
cially in  instances  in  which  winter  wheat  is  relatively  important  in 
comparison  with  other  sources  of  agricultural  income. 

There  is,  however,  the  long-established  impression  that  crop 
reporters  tend  to  report  yields  above  the  true  facts,  either  because  of 
local  pride  or  because  they  may  be  unduly  influenced  by  the  higher- 
than-average  yields  on  their  own  farms  or  in  their  immediate  neighbor- 
hood. The  yields  on  reporters'  farms,  as  shown  by  the  individual- 
farm  survey,  are  generally  considerably  higher  than  the  estimates 
made  by  these  same  reporters  for  their  locality. 

With  such  cash  crops  as  cotton,  potatoes,  tobacco,  peanuts,  and 
fruits  and  vegetables  grown  on  a  commercial  scale,  for  which  satis- 
factory check  data  on  production  are  obtained,  there  is  a  definite  and 
pronounced  tendency  for  understatement  on  the  part  of  the  crop 
reporter,  at  least  until  the  crop  has  left  the  grower's  hands.  With 
winter  wheat,  however,  there  is  a  marked  tendency  for  the  yields  to 
be  reported  lower  and  lower  the  further  the  time  of  reporting  is 
removed  from  threshing  time.  There  is  no  conclusive  evidence  that 
cash-crop  bias  is  present  in  winter  wheat  yield  samples.  The  Crop 
Reporting  Board  showed  no  appreciable  leaning  toward  the  liigher  of 
the  weighted  averages  from  the  two  samples  in  either  1927  or  1928,  as 
might  be  expected  if  cash-crop  bias  were  considered  by  them  to  be  an 
important  factor. 

in  New  York  State  the  official  estimate  of  21  bushels  in  1927  was 
about  0.6  bushel  less  than  the  average  of  the  two  weighted  averages 
obtiiinod  from  tlio  field  aids  and  township  reporters.  In  1928  the 
official  cstiiiiato  of  14.8  bushels  was  2.4  bushels  smaller  than  were  the 
sample  indications.  The  regular  inquiry  regarding  wheat  yield  is 
made  the  first  of  August  each  year.  This  is  before  harvest  is  well 
under  way  and  entirely  too  early  a  date  to  secure  reliable  estimates  of 
yields  of  wheat  in  New  York.  The  official  estimates  as  they  appear 
in  Table  4  were  made  in  December  on  the  basis  of  a  later  inquiry. 

In  .\ew  Mexico  the  ofiicial  estimate  in  1927  was  6  bushels,  whereas 
the  township  sani|)le  showed  15.2  bushels  lor  the  straight  average  anel 
13.4  bushels  for  the  weiyhted.     The  field  aids  indicated  10.1  bushels 
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straight  and  3.1  bushels  weighted.  The  sample  from  New  Mexico  is 
seldom  very  trustworthy  except  in  an  occasional  year  when  yields  are 
fairly  uniform  over  the  State.  It  is  necessary  to  depend  almost 
entirely  on  the  State  statistician's  appraisal  of  the  situation  ir^  his 
State,  based  on  meager  sample  data  and  direct  personal  observation 
and  information  secured  by  field  travel  and  correspondence.  The 
ordinary  methods  of  sampling  break  down  in  a  State  like  New  Mexico. 
Only  25,000  acres  of  winter  wheat  were  harvested  in  1927;  this 
acreage  is  scattered  over  one  of  the  largest  of  the  States.  A  very 
small  population  of  farmers,  including  a  high  proportion  of  foreigners 
who  do  not  read  or  write  the  English  language  easily,  makes  it  impos- 
sible to  secure  an  adequate  and  representative  sample.  Conditions 
are  so  varied  over  the  State,  because  of  differences  in  topography, 
elevation,  rainfall,  and  irrigation  that  the  fundamental  assumption  of 
uniformity  in  nature  is  not  valid.  It  is  only  by  careful  stratification 
of  the  State  and  direct  personal  observation  and  contact  of  the  State 
statistician  that  it  is  possible  to  make  an  estimate  of  yield  per  acre  in 
most  of  these  far  Western  States. 

The  acreages  of  winter  wheat  are  small  in  these  States  as  compared 
with  those  in  the  heavy  producing  States  of  Texas,  Oklahoma,  and  in 
the  Corn  Belt.  The  combined  acreage  of  winter  wheat  for  the  States 
of  Nevf  Mexico,  Arizona,  Utah,  Nevada,  and  Wyoming,  where  it  is 
most  difficult  to  secure  reliable  sample  data,  is  usually  less  than  for 
such  relatively  unimportant  wheat-producing  States  as  North  Caro- 
lina and  Tennessee. 

PKECISION  OF  THE  SAMPLE  AVERAGES 

One  rather  practical  test  of  the  stabilit}^  of  the  yield  samples  and 
the  precision  of  the  averages  is  obtained  by  comparing  the  weighted 
averages  from  the  two  samples — township  and  field  aids — obtained  at 
the  same  time,  under  similar  conditions  and  handled  in  much  the  same 
manner.  In  Table  4  it  can  be  observed  how  closely  these  averages 
actually  correspond  in  the  case  of  the  winter-wheat  samples.  In 
1927  Wisconsin,  Tennessee,  and  Arkansas  were  the  only  States  east 
of  the  Rocky  Mountains  where  the  weighted  averages  of  the  two 
samples  differed  by  more  than  1  bushel.  Winter  wheat  is  of  minor 
importance  in  Wisconsin  and  of  even  less  importance  in  Arkansas. 
In  1928  Illinois,  Nebraska,  and  Arkansas  showed  a  difference  of  more 
than  1  bushel.  The  closer  deletion  of  the  very  low  yields  in  the  town- 
ship list,  due  to  heavy  abandonment,  was  responsible  for  most  of  the 
difference  between  the  averages  from  the  two  samples  for  Illinois 
in  1928. 

In  the  far  Western  States  conditions  are  more  diverse,  and  the  size 
of  sample  is  necessarily  small;  the  difference  between  the  two  samples, 
exclusive  of  Cahfornia,  averaged  about  3  bushels  in  1927.  In  two  of 
these  States,  Montana  and  Idaho,  the  difference  did  not  exceed 
1  bushel,  and  in  five  more  it  did  not  exceed  3  bushels.  Only  in 
Wyoming  and  New  Mexico  did  the  difference  exceed  5  bushels,  and 
in  these  two  States  the  actual  dispersion  in  the  universe  of  wheat 
yields  is  extremely  wide  and  the  samples  unusually  small.  In  1928 
the  average  difference  between  the  two  samples  ranged  from  0,2  bushel 
in  Utah  to  as  much  as  3.2  bushels  in  Montana  and  3.5  bushels  in 
Oregon.  It  is  difficult  to  obtain  a  satisfactory  sample  of  wheat  yields 
in  these  far  Western  States,  and  consequently  the  estimates  of  wheat 

106756°— 32 4 
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yields  per  acre  have  less  precision  than  they  have  elsewhere  in  the 
country. 

For  most  practical  purposes  this  comparison  of  the  weighted  aver- 
age%  from  the  two  samples  for  a  large  group  of  States  is  sufficient  to 
justify  the  assumption  that  in  States  east  of  the  Rocky  Mountains  the 
samples  of  ^^•inter-wheat  yields  are  generally  stable  and  have  a  liigh 
degree  of  precision.  But  in  the  far  Western  States,  considerable 
improvement  is  needed  in  the  sampling  methods  of  the  Department 
of  Agriculture  if  really  dependable  averages  are  to  be  reached  from 
sample  data. 

Table  5  presents  for  comparisons  (1)  the  size  of  winter  wheat 
yield-per-acre  sample,  (2)  the  average  yield,  (3)  the  dispersion, 
(4)  variation,  and  (5)  the  probable  error  of  the  average  yield  obtained 
for  several  different  States  and  for  crop-reporting  districts  in  some 
States.  The  dispersion  of  a  winter-wheat  yield-per-acre  sample  for 
an  entire  State,  as  measured  by  the  standard  deviation  of  the  sample, 
varies  from  3  to  4  bushels  in  some  of  the  Middle  Western  and  South- 
ern States,  in  certain  years,  to  as  much  as  7  to  10  bushels  in  some  of 
the  far  Western  States;  but  the  average  yield  per  acre  is  usually  so 
much  larger  in  these  far  Western  States  that  the  coefficient  of  varia- 
tion is  sometimes  no  higher  than  in  some  of  the  Central  States.  In 
Missouri  in  1927  the  standard  deviation  was  3.44  bushels  and  the 
coefficient  of  variation  about  35  per  cent;  in  Washington  in  1927  the 
standard  deviation  was  9.03  bushels  and  the  coefficient  of  variation 
only  33  per  cent,  due  to  the  fact  that  the  average  yield  in  Missouri 
had  been  9.94  bushels  and  in  Washington  27.5  bushels.  The  coefficient 
of  variation  is  sometimes  more  satisfactory  as  a  basis  for  comparing 
the  dispersion  in  different  samples  than  is  the  standard  deviation,  as 
it  takes  into  consideration  both  the  standard  deviation  and  the 
average.  It  also  makes  possible  a  comparison  of  different  crops, 
some  of  which  are  measured  in  bushels  and  others  in  tons  or  pounds. 

Table  5. — Winter  wheat:   Yields  per  acre.     Selected  illustrations  of  size  of  sample, 
measures  of  dispersion,  and  probable  error 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean; 

Standard 
deviation 

of  re- 
ported 

yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

I)robable 

error 

Kansas: 

1928 

Number 
360 

Bushels 
17.22 

Busliels 
4.43 

Per  cent 
25.7 

Bushels 
0.16 

Per  cent 
0.9 

1 

18 
53 
,S1 

10 
4S 
40 
17 
54 
63 

16.64 
15.  61 
19.51 
U).  88 
17,  19 
20.  56 
10.76 
15.  05 
15.  04 

4.10 
4.03 
3.75 
6,  18 
3,78 
4.43 
5.35 
3.88 
4.23 

24.6 
25.8 
19.2 
36.6 
22.  0 
21.5 
31.9 
25.8 
28.1 

.65 
.37 
.35 
1.04 
.37 
.47 
.88 
.36 
.36 

3.9 
2.4 
1.8 
6.2 
2.2 
0  3 

2 

3 

4 

6 

n 

7                                                 .  . 

5.3 
2.4 
2.4 

H 

9 

1920  1 

045 

14.70 

6.50 

44.2 

.17 

1.2 

1       

36 
100 
8(i 
36 
82 
88 
61 
90 
76 

4.40 
7.50 
16.  40 
7.80 
15.  00 
18.00 
17,00 
18.  00 
19.60 

1.90 
4,30 
4.90 
.3,80 
3.50 
4.  50 
6.10 
4.  10 
4.50 

43.2 
57.0 
29.9 
48.7 
23.3 
24.2 
34.7 
22.0 
23.0 

.21 
.29 
.36 
.43 
.26 
.32 
.58 
.29 
.35 

4.8 
3.9 
2.2 
5.5 
1.7 
1.7 
3.3 
1.6 
1.8 

•> 

r, 

t> 

7            ..  . 

» 

Reports  fiom  township  and  fleld-aid  Hats  combined  to  constitute  the  sample. 
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Table  5. — Winter  wheat:   Yields  per  acre.     Selected  illustrations  of  size  of  sample, 
measures  of  dispersion,  and  probable  error — Continued 


state,  year,  and  district 

Reports 

Average 
yield 

(arith- 
metic 
mean) 

Standard 
deviation 

of  re- 
ported 

yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

Illinois: 

1927.  .                

Number 
414 

Bushels 
13.90 

Bushels 
5.67 

Per  cent 
40.8 

Bushels 
0.19 

Per  cent 
1  4 

1 

30 
30 
39 

72 
45 
60 
63 
34 
41 

19.50 

20.80 
11.80 
11.20 
16.20 
18.20 
12.70 
8.40 
9.10 

5.35 
5.36 
4.63 
3.77 
4.53 
3.57 
3.58 
3.32 
3.00 

27.4 
25.8 
39.2 
33.7 
28.0 
19.6 
28.2 
39.5 
33.0 

.66 
.66 

.50 
.30 
.46 
.31 
.30 
.38 
.32 

3.4 

3          .     .       ... 

3  2 

4 

4  2 

4a 

2.7 

s 

2  8 

6 

1  7 

6a 

2  4 

7              .            

4  5 

9 

3  5 

Nebraska: 

192S 

232 

19.17 

4.53 

23.6 

.20 

1  0 

1 

5 
4 
24 
15 
23 
54 
33 
32 
42 

22.80 
10.  50 
20.01 
20.01 
17.10 
19.95 
19.47 
16.71 
20.22 

4.05 
1.50 
4.37 
4.20 
4.05 
3.63 
4.80 
3.30 
3.77 

17.8 
14.3 

21.8 
21.0 
23.7 
18.2 
24.7 
19.7 
18.6 

1.22 
.51 
.60 
.73 

.57 
.33 
.56 
.39 
.39 

5  4 

2 

3 

4.9 
3  0 

4 

5 

6  -                                ... 

3.6 
3,3 

1  7 

2  9 

8 

2  3 

9        

1  9 

Missouri: 

1927.             

395 

9.94 

3.44 

34.6 

.12 

1  2 

1 

51 
36 
20 
52 
85 
47 
36 
52 
16 

13.02 

11.11 

11.33 

11.75 

9.41 

9.32 

7.99 

8.77 

6.75 

3.05 
2.33 
2.69 
3.20 
3.52 
2.74 
3.07 
2.36 
2.44 

23.4 
21.0 
23.7 
27.2 
37.4 
29.4 
38.4 
26.9 
36.1 

.29 
.26 
.41 
.30 
.26 
.27 
.35 
.22 
.41 

2  2 

2 

2  3 

3 

3  6 

4 

2  6 

5 

2  8 

6      . 

2  9 

7 

4  4 

8 

2  5 

9 

6  1 

Michipan: 

1927 

407 
398 
461 
416 
529 

21.50 
16.50 
14.70 
14.90 
20.00 

5.77 
6.28 
5.27 
5.55 
5.59 

26.8 
38.1 
35.9 
37.3 
28.0 

.19 
.21 
.17 

.18 
.16 

9 

1925 

1  3 

1922 

1  2 

1920 

1  2 

1919 

s 

Ohio: 

1929.- 

582 
286 

20.40 
12.16 

5.75 
4.77 

28.2 
39.2 

«6 
.19 

8 

1928.         

1  6 

Pennsvlvania: 

1927  2__.. 

799 
326 
321 
270 

19.14 
18.02 
19.05 
19.69 

6.60 
4.91 
5.81 
5.88 

34.4 
27.2 
30.5 
29.9 

.16 
.18 
.22 
.24 

8 

1927          

1  0 

1926 

1  2 

1925 

1  2 

New  York:  1928 

126 

17.62 

5.98 

33.9 

.36 

2  0 

New  Jersey: 

1928  3 

56 
115 

19.86 
21.95 

5.04 
5.70 

25.4 
26.0 

.45 
.36 

2  3 

1928 

1  6 

2 

41 
48 
26 

18.93 
21.50 
27.61 

4.54 
4.93 
3.88 

24.0 
22.9 
14.1 

.48 
.48 
.51 

2  5 

5 

2  2 

8 

1  8 

Maryland: 
1927. 

314 

16.8 

4.66 

27.7 

.18 

1  1 

1 

12 

230 

29 

43 

18.8 
17.0 
14.0 

18.2 

5.30 
4.00 
3.60 
3.50 

28.2 
23.5 
25.7 
19.2 

1.03 
.18 
.45 
.36 

5  5 

2 

1  1 

3 

3  2 

4 

2  0 

52 
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Table  5. — Winter  wheat:   Yields  per  acre.     Selected  illustrations  of  size  of  sample, 
measures  of  dispersion,  and  probable  error — Continued 


state,  year,  and  district 

Reports 

Average 
jneld 
(arith- 
metic 
mean) 

Standard 
deviation 

of  re- 
ported 

yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age jield, 
or  mean 

Relative 

probable 

error 

Virprinia- 

1927 

Number 
270 

288 

Bushels 
11.50 
16.00 

Bushels 
3.90 

4.38 

Per  cent 
33.9 

27.4 

Bushels 
0.16 

.17 

Per  cent 
1  4 

1926 - 

1  1 

2 

62 
25 
66 
22 
56 
46 
11 

17.  .W 
17.50 
16,40 
17.00 
16.00 
14.10 
11.60 

4.  17 
3.68 
.3.38 
5.90 
3.71 
3.41 
1.87 

23.8 
21.0 
20.6 
34,7 
23.2 
24.2 
16,1 

.36 
.50 
,28 
.85 
.33 
.34 
.38 

2  1 

4 1 - 

2  9 

5                               

1  7 

6 

•     .5  0 

7.. 

2  1 

8 

2  4 

9 

3  3 

1924  . 

257 
301 

80 
81 
61 
84 

202 
158 
228 

12.70 
9.20 

11.30 
15.60 
11.50 
12.50 

8.40 
10.20 
10  20 

3.94 
3.18 

4.  .53 
4.61 
3.92 
4.38 

3.80 
3.44 
3.79 

31.0 
34.6 

40.1 
29.6 
34.1 
35.0 

45.2 
33.7 
37.2 

.17 
.12 

.34 

.35 
.34 
.32 

.18 
.18 
.17 

1  3 

1921 

1  3 

South  Carolina: 

1927 ,                         

1926 -- -_ 

3,0 
2  2 

1925.     .              . 

3  0 

1924 

2  6 

Georpia: 

1927 

2  1 

1925 

1  8 

1924... 

1  7 

Oklahoma: 

1927 

337 
17 

82 
44 
61 
45 
60 
28 

9.60 

9.30 

8.70 

10  00 

10.00 

9.40 

10  60 

8.90 

3.32 

5.  ,56 
2.86 
4.08 
2.64 
2.60 
2.88 
3.10 

34.6 
59,8 
32,9 
40,8 
26,4 
27,7 
27,2 
34,8 

.12 
,91 
,21 
,42 
.23 
.26 
,25 
,40 

1  3 

1.. 

9,8 

2  4 

2.. 

3        .  . 

4  "^ 

4 

5 , - 

2,3 

2  8 

7 

"^  4 

8 

4,5 

1926 

261 

197 
288 

15.60 

8.40 

15.60 

4.08 
3.09 
4.97 

26,2 
36,8 
31,9 

.17 
.15 
.20 

1  1 

1925 

1  8 

1924 

1  3 

Texas: 

1928.. 

1927 

1926 

1925 

150 

119 

92 

99 

10  60 
9.90 

17.10 
6.00 

4.56 
4.64 
4.54 
4.10 

43,0 
46,9 
26,6 
68,3 

.25 
.29 
.32 
.28 

2.4 
2.9 
1.9 
4.7 

Montana: 

1927 

55 

111 

79 

21.72 
11.89 
16.07 

6.49 
7.59 
8.15 

29,9 
63,8 
50  7 

.59 
.49 
.62 

2.7 
4.  1 
3.9 

1926 

1925 

Utah:          • 

1928 

1927 

1926 

27 
43 
46 

25.28 
21.80 
25.38 

7.12 
6.66 
7.  75 

28,2 
.30  6 
30  5 

.92 

.68 
.77 

3.6 
.3.1 
3,0 

WashinKton:  > 

1927 

205 

27.  ,50 

9.03 

32,8 

,43 

1,6 

5a 

48 
49 

23.  00 
30  00 

7.05 
4.79 

30,7 
16.0 

.69 
.46 

.3,0 
1.6 

6 

1926 

174 

23.  30 

9.  18 

39,4 

.47 

2.0 

5a 

34 
30 

1.5.70 
25.20 

6.20 
6.39 

39,5 
25.4 

.72 
.79 

4.6 
3.1 

6...- 

1925 

116 
233 

26.  70 
16.  .50 

9.36 
11.37 

.35,  I 

68,9 

,50 

2.2 
3.0 

1924 

68 

67 
49 

6.90 
20  20 

4.  95 
6.14 

71.7 
30.4 

.41 
.59 

5.9 
2.9 

6 : 

California- 
1927'..^ 

1026' 

1926' 1. 

135 
J  23 
127 

18.11 
17.48 
IK.  70 

6.99 

7.67 
7.73 

38.6 
43.9 
41,3 

.41 

.47 
.46 

2.3 
2.7 
2.5 

5a... 

34 
29 

IK.  83 
IK.  28 

6,  19 
1..57 

32,  9 
8,6 

.72 
.20 

3.8 
1.1 

'  Reports  from  township  and  fleld-ald  lists  combined  to  constitute  the  sample. 
'  Rftiirn  from  n  sppcinl  li.st  of  crop  correspondents. 
»  Sample  taken  In  August. 
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The  coefRcient  of  variation  for  winter-wheat  yield  samples  is 
frequentlj^  lower  than  30  per  cent  in  important  wheat  States  such  as 
Kansas,  Nebraska,  Oklahoma,  Texas,  Michigan,  Ohio,  Pennsylvania, 
and  Maryland,  and  even  in  Montana  in  1927.  On  the  other  hand,  it 
may  reach  40  to  50  per  cent  in  practically  these  same  States  in  a  year 
when  the  average  yield  per  acre  is  low,  as  in  Kansas  in  1926,  and 
Illinois,  Georgia,  and  Texas  in  1927.  Some  of  the  highest  coefficients 
of  variation  were  68  per  cent  in  Texas  in  1925,  when  the  average  yield 
was  6  bushels  per  acre;  64  per  cent  in  Montana  in  1926;  and  69  per 
cent  in  Washington  in  1924.  Practically  one-half  of  the  samples  of 
wheat  yield  per  acre,  analyzed  on  a  State  basis,  showed  a  coefRcient  of 
variation  between  30  and  40  per  cent,  and  more  than  a  quarter  of  them 
were  samples  \\ith  less  than  30  per  cent  dispersion. 

The  standard  deviation  in  the  same  State  from  year  to  year  seems  to 
be  more  constant  than  the  coefficient  of  variation  because  the  latter  is 
affected  by  the  variation  in  the  average  yield  of  the  sample  from  year  to 
3^ear.  The  greatest  dispersion  in  the  samples  of  winter-wheat  yields 
per  acre  is  foimd  in  the  large  Western  States,  such  as  Texas,  Montana, 
and  Washington,  where  conditions  are  extremely  varied. 

The  probable  error  of  the  average  from  the  samples  is  less  than 
0.2  bushel  in  most  important  winter  wheat  States  east  of  the  Rocky 
Mountains.  It  is  as  hi^h  as  0.35  bushel  in  South  Carolina,  where  the 
sample  is  small.  In  the  far  Western  States  the  probable  error  is 
seldom  less  than  0.4  bushel  and  in  a  few  cases  exceeded  0.8  bushel  in 
the  States  where  the  sample  was  analyzed.  In  such  States  as  New 
Mexico  and  Arizona  the  dispersion  is  so  large  and  the  sample  so  small 
that  computation  of  the  probable  error  is  not  worth  while.  _ 

The  majority  of  the  winter- wheat  samples  from  the  important 
winter-wheat  States  east  of  the  Rocky  Mountains  have  a  relative 
probable  error  of  from  1  to  1.5  per  cent.  The  samples  from  far 
Western  States  generally  have  a  relative  probable  error  as  low  as  about 
2  per  cent  in  some  years,  and  as  high  as  4  or  5  per  cent  in  years  of  low 
average  yields.  The  small  size  of  sample  in  South  Carolina  causes 
the  relative  probable  error  to  be  as  high  as  2  or  3  per  cent. 

The  results  shown  in  Table  5  are  from  the  township  or  field-aid 
samples,  except  for  Kansas  in  1926,  Washington,  and  California,  for 
which  the  reports  from  the  two  lists  were  combined  for  anal3^sis.  At 
least  two  samples  similar  in  size  to  most  of  those  shown  in  the  table 
are  used  as  the  basis  for  the  Crop  Reporting  Board's  estimate  of  yields 
per  acre.  This  doublmg  of  the  size  of  the  sample  would  of  course 
decrease  the  probable  error  by  nearly  30  per  cent  from  that  shown  for 
the  smgle  sample  for  a  State.  Many  of  the  States  have  returns  on 
yields  from  other  fists  of  reporters  which  supplement  the  samples 
received  from  the  regular  crop  reporters.  The  individual-farm 
sample  of  acreage  and  production  on  the  reporter's  own  farm  is  also 
used  on  a  relative  basis  to  indicate  the  change  in  yields  from  one  year 
to  another  in  some  States. 

STRATIFICATION 

If  the  crop-reporting  districts  in  Table  5  show  considerably  less 
dispersion  than  does  the  State  as  a  whole,  there  is  a  reduction  in  the 
actual  probable  error  or  a  gain  in  the  precision  of  the  average.  The 
greater  the  dispersion  in  the  district  averages,  the  greater  the  gain  in 
precision.  Kansas  wheat  in  1926  is  an  example  of  wide  dispersion  in 
yields  over  a  State,  as  the  lowest  average  yield,  4.4  bushels,  with  a 
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standard  deviation  of  1.9  bushels,  was  in  district  1,  and  the  highest 
vield,  19.6  bushels,  with  a  standard  deviation  of  4.5  bushels,  was  in 
district  9.  AMien  Bowley's  fonnula  (2,  p.  337,  formula  83)  for  the 
standard  error  of  the  mean  of  a  proportionately  stratified  sample  is 
applied  to  these  data  the  standard  error  of  the  straight  average  of 
0.26  bushel  is  reduced  to  0.16  bushel  as  the  standard  error  of  the 
stratified  sample,  a  reduction  of  more  than  a  third.  Although  the 
formula  does  not  strictly  apply  to  the  weighted  stratified  sample,  it 
does  serve  to  illustrate  the  importance  of  stratification  when  the 
individual  districts  are  more  homogeneous  than  is  the  State  as  a 
\\  hole,  or  when  the  district  averages  show  marked  dispersion. 

In  the  same  State  m  1928  the  effect  of  stratification  was  small  as 
compared  with  that  in  1926,  for  the  district  averages  all  fall  between 
15  and  21  bushels  and  the  standard  deviations  of  the  districts  averaged 
about  the  same  as  for  the  State  as  a  whole.  It  is  to  be  noted,  howev^er, 
in  comparing  the  two  years  that  in  1926  the  standard  deviation  for  the 
State  was  6.5  bushels  because  of  the  low  yields  in  certain  districts, 
while  in  1928  it  was  only  4.43  bushels.  In  1926,  when  there  was  wdde 
dispersion  in  yields  of  wheat  per  acre  over  Kansas,  stratification  of  the 
sample  by  crop-reporting  districts  helped  to  stabilize  the  sample  and 
undoubtedly  greatly  increased  the  precision  of  the  average. 

In  Illinois,  in  1927,  there  was  a  range  in  district  averages  from 
8.4  to  20.8  bushels.  The  standard  deviation  for  the  State  was 
5.67  bushels,  and  yet  there  were  five  districts  with  standard  deviations 
falling  below  4  bushels.  Stratification  by  crop-reporting  districts 
reduced  the  actual  probable  error  materially  as  the  districts  were  all 
more  homogeneous  than  the  State;  that  is,  they  each  had  a  smaller 
standard  deviation. 

The  two  most  important  winter-wheat  districts  in  the  State  of 
Wasliington  show  a  material  difference  in  their  averages,  and  the 
standard  deviations  for  the  districts  were  much  smaller  than  for  the 
State  as  a  whole.  In  1926  the  State  standard  deviation  was  9.18 
bushels,  whereas  in  district  5a  it  was  only  6.2  bushels  and  in  district  6 
it  was  6.39  bushels.  In  1927,  the  standard  deviation  for  the  State 
was  9.03  bushels  with  7.05  bushels  as  the  standard  deviation  of 
district  5a  and  only  4.79  bushels  in  district  6. 

In  practically  every  State  for  which  district  samples  have  been 
analyzed  the  dispersion  in  the  crop-reporting  district  tends  to  be 
considerably  less  than  for  the  sample  on  a  State  basis. 

SIGNIFICANCE    OF    THE    DIFFERENCE    BETWEEN    TWO    AVERAGES 

Frcfpicntly  it  is  im])ortant  in  the  field  of  economics  and  statistics  to 
draw  conclusions  coiu-crning  the  significance  of  ihc  dift'ercnce  between 
two  estimates,  such  as  production  or  yield  per  acre  of  a  crop  in  a  given 
State  for  two  successive  years.  Since  conclusions  based  on  sample 
d II  1)1  must  always  be  in  terms  of  probabilities,  it  is  obvious  tliat  the 
significaiu;c  of  the  difiercnce  between  the  averages  of  two  samples 
must  be  considered  in  the  same  manner. 

If  the  [)r()blem  of  the  significance  of  the  averages  of  sanq^les  is 
Hj)proac}icd  from  the  standpoint  of  the  probable  error  of  the  difference 
brtircen  flie  (ircnu/es  of  iwo  samples,  for  successive  years,  it  is  found  that 
\u  most  of  the  important  States  a  difference  of  one-half  to  1  bushel, 
or  more,  may  be  considered  a  significant  difference.  The  probable 
error  of  the  diflerences  with  unmatched  data  (or  data  from  reporters 
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who  do  not  report  for  each  of  the  two  years)  is  obtained  by  adding  the 
square  of  the  two  probable  errors  and  extracting  the  square  root. 
But  the  two  samples  contain  reports  from  fully  50  per  cent  of  the 
same  reporters  from  one  year  to  the  next,  and  there  is  usually  consider- 
able correlation  between  these  paired  reports  from  identical  reporters 
which  reduces  the  probable  error  of  the  difference  materially.  The 
probable  error  of  the  difference  in  a  State  like  Kansas  on  the  basis  of 
unmatched  samples  would  be  about  0.3  bushel.  On  the  basis  of 
reports  for  the  two  years  that  have  been  brought  together  or  matched, 
with  a  correlation  oi  plus  O.GO,  the  probable  error  of  the  difference 
would  be  less  than  0.2  bushel.  The  correlation  of  matched  data  on 
jdelds  has  been,  however,  as  high  as  plus  0.80  in  some  instances. 

When  the  proportion  of  identical  reporters  is  considered,  along 
with  other  allowances  for  weighting  and  stratification  of  the  sample, 
the  statement  is  well  justified  that  in  important  States  east  of  the 
Rocky  Mountains  a  difference  between  the  yield  reported  one  year 
and  the  next  from  the  same  list  of  reporters  will  usually  be  significant 
if  it  exceeds  one-half  of  a  bushel.  In  the  far  Western  States  the 
probable  error  of  the  difl'erence  might  easily  reach  1  bushel  on  the 
basis  of  an  unmatched  sample  and  probably  not  less  than  0.5  bushel 
even  when  allowance  for  identical  farms  in  the  sample  is  made.  In 
these  States  the  difference  between  the  average  yield  reported  one 
year  and  the  next  from  the  same  list  of  crop  reporters  would  have  to 
exceed  2  or  3  bushels  before  it  could  be  assumed  that  the  difference 
was  significant  and  not  due  merely  to  the  Huctuation  of  sampUng. 

SUMMARY    FOR    WINTER    WHEAT 

The  probable  error  of  the  straight  or  unweighted  average  of  reported 
winter-wheat  yields  in  Central  and  Eastern  States  on  the  basis  of 
random  selection  is  around  0.2  of  a  bushel,  or  1  to  1.5  per  cent  of  the 
average.  When  allowance  is  made  for  the  possible  effect  of  the 
stratification  of  the  sample,  it  is  not  likely  that  the  average  of  a  very 
large  sample  of  wheat  yields,  taken  under  similar  conditions,  would 
differ  from  the  average  of  the  sample  in  these  States  by  much  more 
than  a  half  bushel  and  certainly  not  by  more  than  a  bushel.  ^  In  the 
far  Western  States,  where  the  dispersion  in  the  universe  of  inquiry 
is  much  greater  and  samples  are  smaller  than  in  the  more  populous 
Central  States,  the  probable  error  falls  between  0.5  to  0.9  bushel,  and 
consequently  it  is  liighly  probable  that  the  average  of  a  given  sample 
would  not  differ  by  more  than  1.5  to  3  bushels  or  5  to  10  per  cent  from 
the  average  of  a  very  large  sample  taken  under  similar  conditions. 

The  conclusions  concerning  the  stability  of  the  sample  averages 
reached  from  a  comparison  of  the  averages  from  the  two  lists  of  crop 
correspondents  shown  in  Table  4  are  practically  the  same  as  the 
conclusions  obtained  from  the  more  detailed  analysis  of  size  of  sample, 
dispersion,  and  probable  error.  In  the  far  Western  States  the  yield- 
per-acre  estimates  of  winter-wheat  yields  are  much  less  dependable 
than  in  the  Central  and  Eastern  States,  where  more  uniform  con- 
ditions prevail  and  4arger  and  better-distributed  samples  are  obtain- 
able. In  these  Central  and  Eastern  States  ''check  data"  on  the 
commercial  movement  and  utilization  of  wheat  are  needed  in  order 
that  the  estimates  of  the  crop  reporter  may  be  checked  for  bias.  No 
increase  in  the  size  of  sample  or  change  in  the  method  of  weighting 
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to  secure  a  higher  degree  of  representativeness  would  change  the 
averages  of  these  samples  materially,  perhaps  not  more  than  1 
hush  el  under  ordinary  circumstances. 

The  reliability  of  the  estimates  of  the  yields  of  winter  wheat  in  the 
far  Western  States  could  be  improved  somewhat  by  securing  larger 
and  better-distributed  samples,  by  a  more  careful  stratification  of  the 
State  into  districts  as  homogeneous  as  possible,  and  by  weighting  these 
more  homogeneous  districts  to  obtain  more  complete  representative- 
ness. The  sample  census  would  undoubtedly  be  helpful  in  the  far 
Western  States  and  would  serve  as  a  valuable  check  on  present 
methods  in  all  other  States  that  grow  any  appreciable  acreage  of  winter 
wheat.  The  method  of  voluntary  sampling  breaks  down  completely 
in  some  of  these  States,  In  practically  all  of  the  Rocky  ^Mountain 
and  Pacific  Coast  States,  extensive  field  travel,  observation,  and 
direct  personal  contacts  with  the  growers  and  agencies  that  handle 
the  crop,  are  necessary  if  the  State  statistician  is  to  make  a  reasonably 
satisfactory  estimate  of  yield  per  acre  for  ^\^Jlter  wheat. 

SPRING  WHEAT 

REPRESENTATIVENESS 

_  Although  the  acreage  of  spring  wheat  is  not  generally  as  uniformly 
distributed  over  the  States  in  wliich  it  is  grown  as  is  that  of  winter 
wheat,  the  yield-per-acre  sample  of  spring  wheat  is  apparently  nearly 
as  representative  geograpMcally  as  is  the  }deld-per-acre  sample  of 
winter  wheat.  Except  in  the  important  spring-wheat  States  of 
North  Dakota,  South  Dakota,  and  Minnesota,  there  is  only  a  rela- 
tively small  acreage  in  the  States  on  the  Central  West.  Even  with 
this  small  scattered  acreage,  the  differences  between  straight  and 
A\-eighted  averages  of  the  same  sample  (Table  6)  generally  fall  within 
a  range  of  1  bushel  or  less.  In  fact,  some  of  the  greatest  differences 
occur  in  the  important  States  of  South  Dakota  and  Minnesota.  In 
the  far  Western  States  the  differences  are  much  greater,  as  with 
winter  wheat,  and  in  about  one-half  the  cases  the  difference  between 
the  straight  and  weighted  averages  exceeds  1  bushel  and  reaches  a 
maximum  of  from  4  to  6  bushels  in  the  State  of  Washington. 
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Table  Q.— Spring  wheat:  Averages  of  yields   per  acre  computed  from  reports  of 
crop  correspondents,  and  the  official  estimate,  by  States,  1927  and  1928 


1927 

1928 

1 

Reported  by 
the  town- 
ship list 

Reported 
by  the  field- 
aid  list 

2 

ca 

.§ 

.2 
'0 

e 
0 

0 

Reported  by 
the  town- 
ship list 

Reported 
by  the  field- 
aid  list 

State 

'-'aj 

aa 
2.2 

la 

c3  a; 

^a 

> 

a 

be  0 

i 

.■S  d 
I-  « 

^a 
til  0 

> 

.-SO 

> 

C3 

.d  ;h 

■£ 
pi 

S 

a 

« 

'0 

a 
0 

New  York 

1,000 

acres 

12 

216 

72 

1,340 

41 

10 

6,024 

1,953 

173 

10 

3,187 

670 

172 

333 

30 

90 

14 

1,033 

165 

Bush- 
els 
22.0 
16.9 
20.4 
11.9 
16.5 
14.9 
12.0 
14.4 
15.5 
11.8 
20.3 
27.5 
21.9 
22.8 
10.9 
31.6 
30.1 
24.7 
21.4 

Bush- 
els 
21.2 
18.3 
19.7 
10.7 
16.  2 
13.3 
12.2 
14.1 
16.2 
12.5 
19.9 
27.1 
IS.  7 
21.7 
9.9 
33.0 
27.3 
19.4 
23.5 

Bush- 
els 
20.3 
17.8 
19.9 
11.9 
15.6 
12.7 
12.4 
15.0 
16.4 
4.6 
20.7 
34.8 
23.3 
22.0 
21.0 
32.6 
29.3 
25.0 

Bush- 
els 
20.1 

18.8 
19.6 
10.8 
15.7 

"ii.'s' 

14.9 
16.2 
5.1 
20.4 
32.6 
21.9 
21.0 
17.1 
34.2 
25.2 
20.5 

Bush- 
els 
18.5 
18.0 
19.8 
10.5 
15.5 
12.0 
11.8 
14.0 
17.1 
4.4 
20.6 
30.0 
19.0 
18.0 
14.0 
31.0 
26.0 
21.5 
20.5 

1,000 

acres 

10 

302 

62 

1,086 

41 

15 

5,301 

1, 875 

180 

40 

3,410 

704 

181 

416 

36 

95 

14 

847 

200 

Bush- 
els 
16.  5 
18.1 

15.7 
17.2 
15.  4 
13.4 
11.2 
16.7 
13.7 
18.3 
27.5 
21.2 
22.1 
16.9 
31.8 
26.7 
20.1 
20.4 

Bush- 
els 
17.0 
19.0 
21.4 
14.9 
17.1 
15.5 
13.1 
9.5 
17.3 
15.4 
18.5 
27.9 
18.9 
20.6 
15.3 
33.5 
32.1 
13.8 
21.3 

Bush- 
els 
20.2 
17.7 
21.4 
15.5 
17.0 
12.0 
13.3 
11.5 
17.8 
11.4 
18.2 
.32.  6 
21.1 
21.6 
18.0 
32.5 
26.1 
20.8 
19.8 

Bush- 
els 
21.3 
17.6 
21.1 
14.6 
17.6 

"iza' 

10.6 
19.9 
11.9 
18.8 
30.3 
20.4 
21.2 
16.8 
33.1 
26.5 
16.3 
16.9 

Bush- 
els 
17.3 

Illinois       -  

17.5 

■Wisconsin 

Alinnesota  ^    _             

22.0 
14.5 

Iowa               

17.3 

Missouri.     ._     - 

13.0 

North  Dakota  2      .  . 

13.2 

South  Dakota  2 

10.3 

Nebraska 

17.9 

Kansas       

11.8 

Montana  2            

19.0 

Idaho             -  

26.0 

Wyoming      

17.5 

Colorado                 

18.0 

New  Mexico 

Utah              

15.4 
32.0 

Nevada 

27.0 

Washington         - 

15.4 

Oregon 

20.  7  1  19.  7 

17.0 

1 

1  Crop-reporting  district  or  county  averages  weighted  by  acreage. 

2  Exclusive  of  dui-um  wheat. 

BIAS 

In  the  important  spring-wheat  States  of  Minnesota,  North  Dakota, 
South  Dakota,  and  Montana  raih'oad  sliipments  and  mill-door 
receipts  have  been  used  as  a  check  on  the  production  of  all  wheat. 
If  there  were  any  evidence  of  cash-crop  bias,  this  check  information 
w^ould  haA^e  made  it  possible  to  detect  it  as  present  in  either  the  acre- 
age or  the  yield-per-acre  reports  of  the  correspondents.  But  since 
acreage  is  involved  also,  no  exact  measure  can  be  obtained  separately 
for  either  yield  bias  or  acreage  bias.  Apparently  there  w^as  no  justi- 
fication in  either  1927  or  1928  for  assmning  cash-crop  bias  in  the 
sample,  as  the  final  estimates  are  below  the  mean  of  the  two  weighted 
averages  in  Minnesota  and  North  Dakota  for  both  years,  and  below 
for  one  year  in  South  Dakota.  It  is  possible,  how^ever,  that  the  esti- 
mates of  acreage  are  on  too  high  a  level  and  that  consequently  the 
estimates  of  jdeld  are  held  low  in  order  that  total  production  may  be 
in  line  with  utiUzation  estimates  based  primarily  on  check  informa- 
tion. Apparently  some  bias  w^as  allowed  for  in  Montana  as  the 
estimates  are  above  either  the  field-aid  or  township  weighted  average 
in  Montana  for  both  years. 

PREVENTABLE    ERRORS 

Only  since  1927  have  the  yields  of  durum  wheat  been  obtained 
from  the  crop  reporters  separately  from  "other  spring  wheat"  or 
"bread  w^heat"  in  Minnesota,  North  Dakota,  South  Dakota,  and 
Montana.  The  differences  between  the  straight  and  w^eighted  aver- 
ages of  the  yield  samples  for  durum  and  bread  wheat,  taken  separately 
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in  1928,  range  from  0.2  bushel  vnih.  both  wheats  in  North  Dakota  to 
0.8  bushel  for  bread  wheat  in  both  Minnesota  and  South  Dakota. 

There  is  a  tendency  on  the  part  of  the  crop  reporter  to  consider 
only  bread  wheat  and  not  the  durum  wheat  when  asked  to  report  on 
spnng-wheat  ^^elds.  Since  durum  wheat  usually  jdelds  more  per 
acre,  the  estimates  of  yield  per  acre  for  all  spring  wheat  in  past  years 
have  been  lower  than  they  would  have  been  had  the  }delds  of  the 
two  kinds  of  wheat  been  ascertained  separately  in  the  three  States  of 
Minnesota,  North  Dakota,  and  South  Dakota.  In  Montana  the 
acreage  of  durum  is  such  a  small  part  of  the  total  of  all  spring  wheat 
that  the  results  could  not  be  appreciably  affected. 

The  two  kinds  of  wheat  are  now  being  handled  as  separate  crops, 
designated  as  "durum  wheat"  and  "other  spring  wheat."  Anyone 
combining  the  two  estimates  of  yield  per  acre  to  secure  the  average 
jield  of  all  spiing  wheat  in  any  of  these  three  States  should  appreciate 
the  lack  of  comparability  between  the  estimates  of  the  last  year  or 
two,  and  those  for  previous  years.  This  reporting  for  bread  wheat 
only  is  an  excellent  illustration  of  what  has  been  designated  as  a 
"preventable  error" — one  that  can  be  avoided  by  the  proper  construc- 
tion of  the  questionnaire  in  line  ^ith  the  manner  in  which  the  corre- 
spondents are  most  likely  to  interpret  it  in  answering. 

PRECISION    OF    THE    SAMPLE    AVERAGES 

The  spring-w^heat  ,>deld  samples  are  surprisingly  stable  when  the 
relatively  small  acreage  in  many  of  the  States  is  taken  into  con- 
sideration. AYhen  a  comparison  is  made  between  the  weighted  aver- 
ages of  the  towTiship  and  field-aid  correspondents,  (Table  6)  about 
80  per  cent  of  the  two  samples  check  Avitliin  a  bushel  or  less  in  the 
Central  and  Eastern  States,  whereas  in  the  far  Western  States  only 
about  40  per  cent  of  the  samples  check  as  closely  as  that.  The 
extreme  differences  are  about  as  large  as  with  sample  yields  of  winter 
wheat. 

Table  7  presents  for  comparisons  (1)  the  size  of  spring-wheat 
jdeld-per-acie  sample,  (2)  the  average  yield,  (3)  dispersion,  (4)  varia- 
tion, and  (Ft)  probable  error  of  the  average  yield  obtained  for  several 
States.  The  dispersion  of  a  State  spring-wheat  yield-per-acre  sample, 
as  measured  by  the  standard  deviation  of  the  sample,  varies  from  as 
low  as  2.42  bushels  in  North  Dakota  in  1920  and  1923,  to  more  than 
12  bushels  in  some  of  the  far  Western  States  such  as  Idaho  and 
Washington. 

The  coeHicient  of  varialion  difl'ers  greatly  from  one  year  to  another, 
partly  because  the  standard  deviation  varies  and  because  of  difl'erences 
in  the  average  yield.  In  North  Dakota,  the  coefficient  of  variation 
was  26  per  cent  in  1920,  and  28  \)ev  cent  in  1927,  whci'cas  in  1926  it 
was  57  per  cent.  In  Montana  it  was  as  low  as  33  per  cent  in  1927 
and  reached  68  per  cent  in  1925.  The  greatest  variation  was  found 
in  the  State  of  Washington,  when  in  1924  it  was  77  per  cent,  a  year 
when  the  yield  per  acre  was  unusually  low. 
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Table  7.— Spring  wheat:  Yields  per  acre.    Selected  illustrations  of  size  of  sample, 
measures  of  dispersion,  and  probable  error 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

North  Dakota: 

1927 

Number 
405 

Bushels 
12.37 

Bushels 
3.48 

Per  cent 
28.1 

Bushels 
0.12 

Per  cent 
1.0 

1-- ---t 

2                            .  _. - 

74 
41 
77 
37 
31 
29 
35 
33 
48 

12.70 
13.30 
10.70 
14.40 
9.50 
10.20 
13.40 
15.00 
10.70 

3.05 
2.94 
2.73 
2.89 
2.30 
3.01 
3.46 
2.90 
2.69 

24.0 
22.1 

.25.5 
20.0 
24.2 
29.5 
25.8 
19.3 
25.1 

.24 
.31 
.21 
.32 
.28 
.38 
.39 
.34 
.26 

1.9 
2.3 

3                                       ...  - 

2.0 

4                                  -     -- 

2.2 

5                              

2.9 

g                                          

3.7 

7                                

2.9 

8 

2.3 

9 

2.4 

1926                                

334 
223 
326 

8.54 
7.18 
9.30 

4.86 
2.42 
2.42 

56.9 
33.7 
26.0 

.18 
.11 
.09 

2.1 

1923                                           

1.5 

1920 

1.0 

Minnesota: 

1927                                     

404 
446 
437 

11.84 
13.  18 
21.75 

3.98 
4.80 
5.40 

33.6 
36.4 
24.8 

.13 
.15 

.17 

1.1 

1926                              

1.  1 

1924 

.8 

Montana: 

1927 

188 

20.74 

6.84 

33.0 

.34 

1.6 

28 
37 
35 
23 
20 

24.82 
18.24 
18.86 
18.69 
19.50 

5.74 
6.28 
5.98 
3.96 
5.22 

23.1 
34.4 
31.7 
21.2 
26.8 

.73 
.70 

.68 
.56 
.79 

2.9 

3 

3.8 

5                                        .  . 

3.6 

3.0 

9 

4.1 

1926                                      

223 
237 

12.92 
11.97 

7.98 
8.13 

61.8 
67.9 

.36 
.36 

2.8 

3.0 

1927 

113 

34.90 

12.70 

36.4 

.81 

2.3 

6 

32 
31 

40.20 
44.20 

9.90 

7.94 

24.6 
18.0 

1.18 
.96 

2.9 

2.2 

80 
131 

26.20 
31.40 

10.70 
10.60 

40.8 
33.8 

.81 
.62 

3.1 

1925 

2.0 

1                       

27 
40 
33 

22.00 
35.10 
40.70 

5.82 

8.97 

10.80 

26.5 
25.6 
26.5 

.76 

.96 

1.27 

3.5 

6                                

2.7 

3.1 

Washington: 

262 

24.40 

11.33 

46.4 

.47 

1.9 

5a                              

63 
42 

18.20 
20.70 

5.07 
6.04 

27.9 
29.2 

.43 
.63 

2.4 

6 

3.0 

1926 

250 

21.20 

11.44 

54.0 

.49 

2.3 

5a                              

55 
50 

12.70 
20. 90 

4.14 
6.38 

32.6 
30.5 

.38 
.61 

3.0 

6 

2.9 

200 

21.90 

12.02 

54.9 

.57 

2.6 

5a                            ---  - 

45 
42 

11.90 
19.60 

4.25 
5.92 

35.7 
30.2 

.43 
.62 

3.6 

6 

3.2 

1924                            

176 

15.00 

U.  50 

76.7 

.58 

3.9 
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In  North  Dakota  and  Minnesota  the  probable  error  of  the  averages 
of  samples  is  usually  less  than  0.2  bushel;  in  Montana  it  is  shghtly 
liigher  or  between  0.3  and  0.4  bushel,  and  in  the  State  of  Washington 
the  probable  error  was  between  0.47  and  0.58  bushel  in  the  four  years 
analyzed.  In  Idaho,  with  fully  as  large  a  standard  deviation  and 
Antli  a  smaller  sample,  the  probable  error  was  about  0.8  bushel  in 
both  1926  and  1927. 

The  relative  probable  error  of  the  averages  of  the  samples  of  jdeld 
per  acre  of  spring  wheat  in  the  imporl^ant  spring-wheat  States  of  North 
Dakota  and  Minnesota  was  between  1  and  2  per  cent  in  the  samples 
analyzed,  but  in  the  far  Western  States  it  was  usually  between  2  and 
4  per  cent. 

The  spring-wheat  yield  samples  are  rather  similar  to  A\'inter-wheat 
samples  from  the  standpoint  of  stability  and  geographic  representa- 
tiveness and  bias.  In  the  far  Western  States  the  estimates  of  yield 
per  acre  are  based  on  nonrepresentative  and  inadequate  sample  data, 
which  must  be  supplemented  hj  the  field  statistician.  Larger  and 
better-distributed  samples,  careful  stratification  of  the  State,  and 
weighting  on  the  basis  of  these  more  homogeneous  districts  in  order 
to  secure  a  more  nearly  representative  sample  would  be  helpful. 
The  use  of  check  data  on  the  utilization  of  wheat  has  brought  a  high 
degree  of  accuracy  in  the  revised  estim.ates  of  spring- wheat  production 
in  the  four  most  important  spring-wheat  States — Minnesota,  North 
Dakota,  South  Dakota,  and  Alontana.  Dividing  the  inquiry  into 
questions  regarding  durum  wheat  and  other  spring  wheat,  and  the 
weighting  of  the  sample  by  irrigated  and  dry-land  acreage  are  both 
forward  steps  now  under  way. 

RYE 

B.ye  is  grown  principally  in  the  Northern  States,  but  also  as  far 
south  as  North  Carolina,  Georgia,  Texas,  and  Oklahoma.  More  than 
a  tliird  of  the  rye  acreage  in  the  United  States  is  in  North  Dakota,  and 
Minnesota  had  about  400,000  acres  in  1927  and  1928.  Except  in 
these  States,  rye  is  of  minor  importance  in  the  States  in  which  it  is 
produced  and  is  much  less  generally  grown  in  the  far  Western  States 
than  is  either  spring  or  winter  wheat.  As  a  result  of  the  small  impor- 
tance of  rye  and  its  use  for  soil-buUding  purposes  and  for  pasture, 
it  is  difficult  to  maintain  satisfactory  acreage  weights  that  keep  up 
with  the  changes  in  acreage.  Under  these  conditions  the  straight 
average  of  yield  per  acre  of  rye  maj'  be  fully  as  representative  as  is 
the  weighted  average. 

REPRESENTATIVENESS 

A  comparison  of  the  straight  and  weighted  averages  from  the  two 
samples  of  township  and  fiekl-aid  reporters  for  1927  and  1928  as  shown 
in  Table  8  brings  out  the  interesting  fact  that  even  with  a  crop  of  such 
minor  importance  as  rye,  in  75  per  cent  of  the  samples  the  two  types 
of  averages  differ  by  less  than  1  bushel.  In  only  a  few  scattering 
cases  does  this  diirereuce  exceed  2  bushels. 
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Table  8. — Rye:  Averages  of  yields  per  acre  computed  from  reports  of  crop  corre- 
spondents, and  the  official  estimate,  by  States,  1927  and  1928 


1927 

1928 

CD 

Reported  by 
the  town- 
ship list 

Reported 
by  the  field- 
aid  list 

'3 

a 

o 

03 

£ 

o 

Reported  by 
the  town- 
ship list 

Reported 
by  the  field- 
aid  list 

State 

> 

03 

fa 

> 

I-  c3 

03  a» 

bo  o 
£  <a 

fe- 
es 

®  bit 

1 

> 

a 

aj  So 

bcO) 

•  r-1 

a 

3 

sg 

o 

New  York 

1,000 

acres 

21 

36 

86 

35 

119 

62 

178 

238 

383 

43 

16 

1,381 

154 

274 

45 

14 

42 

94 

26 

14 

26 

22 

14 

134 

54 

76 

22 

10 

Bush- 
els 
17.8 
18.5 
16.2 
15.7 
13.1 
13.9 
15.3 
17.5 
18.5 
19.3 
10.2 
16.2 
16.7 
10.3 
13.0 

Bush- 
els 
17.7 
18.9 
16.3 
15.7 
13.7 
15.4 
14.7 
16.3 
18.4 
19.1 
10.2 
15.  8 
16.9 
15.5 
12.8 

Bush- 
els 
17.6 
18.0 
16.4 
15.9 
13.6 
11.6 
15.3 
17.6 
18.5 
17.7 
10.6 
16.9 
19.1 
16.1 
14.3 
15.0 
11.9 
14.1 
10.2 
10.6 
8.2 
15.6 
25.0 
16.4 
13.7 
11.4 
17.9 
17.  1 

Bush- 
els 
17.7 
21.0 
16.4 
16.3 
13.9 
14.2 
14.7 
16.8 
18.1 
17.6 
11.2 
17.5 
19.0 
14.6 
12.7 
15.3 
11.8 
13.1 

9.5 
11.0 

8.1 
10.9 

'i6."2" 

12.5 

9.9 

18.0 

15.4 

Bush- 
els 
17.5 
20.0 
17.0 
16.0 
13.6 
14.5 
14.7 
17.0 
18.3 
15.0 
11.0 
16.7 
18.0 
15.0 
12.8 
15.3 
11.8 
12.0 
10.0 
11.0 
8.0 
9.0 
7.0 
18.0 
12.5 
10.5 
16.0 
16.0 

1,000 

acres 

20 

41 

103 

30 

86 

62 

182 

167 

402 

49 

19 

1,271 

162 

249 

32 

15 

46 

89 

22 

Bush- 
els 
15.6 

Bush- 
els 
15.8 

Bush- 
els 
16.  1 
20.0 
15.5 
13.4 
11.1 
14.9 
14.0 
13.8 
14.6 
18.3 
12.3 
10.3 
10.4 
15.3 
18.0 
14.9 
13.0 

Bush- 
els 
16.6 
19.0 
15.6 
13.3 
11.2 
14.6 
13.5 
12.8 
14.6 
19.0 
12.2 
10.5 
9.5 
14.6 
17.0 
15.0 
13.5 

Bush- 
els 
15.7 

Npw  Jprspv 

18.5 

Pennsylvania 

15.3 

13.2 
11.0 
14.8 
13.  3 
15.3 
16.0 
17.7 
12.0 
10,0 
10.1 
15.7 
16.5 

15.1 
13.4 
11.1 
15.8 
13.3 
13.9 
15.5 
17.8 
11,4 
10.2 
8.6 
15.1 
16.1 

15.5 

Ohio 

13.3 

Indiana 

11.0 

Illinois _ 

14.5 

Michigan .  . 

13.0 

Wisconsin. 

13.0 

Minnesota 

14.8 

Iowa 

18.0 

Missouri-,.      .  

12.0 

North  Dakota  - 

10.0 

South  Dakota..  . 

9.0 

Nebraska  ^   ..  

14.0 

Kansas.    

16.2 

Maryland 

15.0 

Virginia 

11.3 
13.0 
13.3 
11.4 
8.4 
15.7 
23.2 
15.1 
13.0 
12.1 
15.6 
19.7 

11,5 
12.6 
11.8 
11.3 
8.3 
13.6 
21.1 
15.4 
10.9 
11.7 
15.3 
21.6 

13.0 

13.5 

13.5 

North  Parolina 

11.5 

Qeorcia, 

10.0 

Kentucky 

25 
26 

15 
154 
40 
74 
18 

8.2 

Oklahoma 

12.0 

Texas 

16.0 

15.5 
13.3 
12.8 
20.8 

"ii.'i' 

12.4 
12.2 
20.6 

12.0 

Montana     .-. 

10.5 
15.6 
13.8 
16.3 

10.7 
12.4 
12.0 
14.4 

14.0 

Wyoming 

11.0 

Colorado.           .        

11.0 

Washington 

15.5 

"  '     1 

J  Crop  reporting  district  or  county  averages  weighted  by  acreage  weights. 


BIAS 


In  North  Dakota,  South  Dakota,  Minnesota,  and  Montana  the 
railroad  shipments  and  mill-door  receipts  form  the  basis  for  estimates 
of  the  utilization  of  rye  that  are  used  as  a  check  on  rye  production. 
Only  in  Montana  has  it  been  necessary  for  the  Crop  Reporting  Board 
to  exceed  the  averages  of  the  samples  in  making  an  estimate  of  yield 
per  acre.  This  indicates  cash-crop  bias  in  the  sample  data.  This  is 
not  clearly  defined  evidence,  however,  because  errors  in  acreage  as  w^ell 
as  yield  must  be  considered  when  a  production  check  is  utilized  in  this 
way.  No  cash-crop  bias  is  expected  in  States  in  which  rye  is  a  minor 
crop. 

PRECISION    OF   THE    SAMPLE    AVERAGES 

The  rye-yield  sample  is  remarkably  stable  considering  the  small 
acreage  in  most  States,  as  in  only  about  35  per  cent  of  the  States  does 
the  weighted  average  of  the  township  differ  by  more  than  1  bushel 
from  the  weighted  average  of  the  field-aid  sample.  Table  9  presents 
for  comparison  (1)  the  size  of  rye' yield-per-acre  sample,  (2)  the  aver- 
age yield,  (3)  dispersion,  (4)  variation,  and  (5)  probable  error  of  the 
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average  yield  obtained  for  several  States.  The  dispersion  of  a  rye- 
yield-per-acre  sample  for  a  State,  as  measured  by  the  standard  de\da- 
tion  of  the  sample  varies  from  4  to  6  bushels  in  the  States  where  the 
samples  were  analyzed,  while  the  coefficient  of  variation  showed  a 
range  extending  from  about  27  per  cent  to  as  high  as  56  per  cent. 
Only  in  years  of  low  average  yields  did  the  coefficient  of  variation 
exceed  45  per  cent.  This  is  about  the  same  amount  of  variation  as 
was  shown  for  samples  of  wheat  yield  in  these  same  States. 

Table  9. — Rye:   Yields  per  acre.     Selected  illustrations  of  size  of  sam-ple,  measures 

of  dispersion,  and  probable  error 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 

the  aver- 
age yield 
or  mean 

Relative 

probable 

error 

North  Dakota: 

1927 

Number 
299 

Bushels 
15.97 

Bushels 

5.28 

Per  cent 
33.1 

Bushels 
0.21 

Per  cent 

1.3 

1 

59 
33 
45 
34 
38 
21 
27 
29 
13 

15.50 
15.50 
16.20 
16.30 
14.90 
19.60 
13.90 
15.70 
20.90 

4.85 
3.65 
6.03 
3.87 
3.88 
7.35 
4.99 
4.28 
6.05 

31.3 
23.5 
37.2 
23.7 
26.0 
37.5 
35.9 
27.3 
28.9 

.43 
.43 
.61 
.45 
.42 

1.08 
.65 
.54 

1.13 

2 

2.8 

3 

4 

2.8 
3.8 

5- 

2.8 

6 

2.8 

7 

5.  5 

8 . 

4.7 

9 

3.4 

5.4 

1926 

107 

7.59 

4.29 

56.5 

.28 

3.7 

1 

13 
12 
23 
10 

9 
23 

5 
12 

7.80 
5.00 
8.70 
4.10 
7.00 
12.30 
5.00 
6.40 

4.62 
2.16 
3.60 
1.47 
3.99 
5.25 
2.15 
3.21 

59.2 
43.2 
41.4 
35.9 
57.0 
42.7 
43.0 
50.2 

.86 
.42 
.51 
.31 
.90 
.74 
.65 
.63 

2 

11.0 
8.4 

3 

4 

5.9 
7.6 

5 

6 

12.9 

7 

6.  0 

13.0 

9.8 

9 

1923 

187 
199 

7.29 
10.49 

3.96 
4.68 

54.3 
44.0 

.20 
.22 

2.7 
2.1 

1920 

Minnesota: 

1927 

364 
367 
337 

18.74 
13.82 

19.48 

5.31 
6.14 
5.37 

28.3 
44.4 
27.6 

.19 
.22 
.20 

1926 

1.  0 

1924 _ 

1.  6 

1.  0 

Pennsylvania: 

]927« 

399 
176 
176 
177 

17.28 
16.33 
16.26 
16.97 

4.94 
4.42 
4.94 
4.69 

28.6 
27.1 
30.4 
27.6 

.17 
.22 
.25 
.24 

1.0 

1927.... 

1926 

1.  3 

1925 

1.  5 

1.4 

Ohio:  1929 

174 

17.63 

5.32 

30.2 

.27 

1.5 

Illinois: 

1927 

91 

11.61 

4.9V 

42.8 

.35 

3.0 

1 

13 
10 
12 
13 
10 

7 
It 

0 

f) 

16.00 

16.  00 

10.  50 

10.00 

10.00 

13.43 

9.79 

9.00 

7.00 

3.72 
3.M 
.1.73 
4.41 
4.02 
3.38 
2.40 
4.  11 
2.40 

23.3 
21.3 
54.6 

44.  1 
40.2 
25.2 
24.5 

45.  7 
35.1 

.70 
.70 

1.12 
.82 
.86 
.86 
.43 

1.13 
.68 

4.4 

3 

4 

4.  0 
10.7 
8.2 
8.6 
6.4 
4.4 
12.6 
9.7 

4a 

6 

6 

6« 

7 

9 

1927  t 

94 

158 
147 
109 

13.80 
14.60 
13. 80 
14.52 

5.30 
5.41 
5.99 
6.10 

38.4 
37.1 
43.4 
42.0 

.37 
.29 
.  33 
.39 

2.7 
2.0 
2.4 

2.7 

1926» 

war,  J       

\W\  ' 

>  Return  from  a  special  list  of  crop  correspondents 


'  Reported  in  .\ugust. 
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The  probable  error  of  the  averages  did  not  exceed  0.4  bushel  in 
any  of  the  States  analyzed,  and  in  13  of  the  17  samples  it  did  not 
exceed  0.3  bushel.  The  relative  probable  error  was  as  low  as  1  per 
cent  in  three  samples  and  exceeded  3  per  cent  in  North  Dakota  in 
1926  when  the  average  yield  was  low.  Since  the  estimates  of  rye 
yields  were  based  on  at  least  two  different  samples  of  this  size,  the 
township  and  the  field-aid  samples,  the  combined  average  from  the 
two  samples  would  have  a  probable  error  about  30  per  cent  smaller 
than  for  either  taken  separately  because  of  the  doubling  of  the  size 
of  sample.  Although  the  rye  acreage  is  scattered  and  the  crop  is  of 
minor  importance  in  most  of  the  States  in  which  it  is  grown,  the  sam- 
ple indications  are  nearly  as  significant  as  with  wheat,  and  the  esti- 
mates of  yield  are  nearly  as  reliable. 

CORN 

Corn  is  grown  in  every  State,  and  in  only  one  State — Nevada — does 
the  acreage  fall  below  10,000  acres.  This  makes  possible  a  compari- 
son of  samples  between  a  large  number  of  States.  There  are,  how- 
ever, certain  limitations  to  such  comparisons. 

Corn  is  used  largely  as  forage  in  the  northern  tier  of  States.  In 
the  Southern  States  the  early  planted  corn  ripens  in  late  summer  or 
early  fall,  and,  in  many  sections  there  is  a  second,  late-planted  crop, 
that  matures  in  late  fall.  When  the  inquiry  regarding  corn  yield  is 
made  on  November  1  the  southern  farmer  tends  to  have  the  late- 
planted  crop  in  mind  rather  than  the  earlier  crop.  In  1928  the  late 
crop  yielded  much  better  than  the  early;  as  a  result  the  estimates  of 
yield  per  acre  covering  both  crops  was  reduced  below  the  November 
1  sample  indications.  In  many  sections  of  the  Northern  States  corn 
husking  is  not  sufficiently  advanced  by  November  1  to  justify  a  final 
estimate  of  yield  at  that  time.  Beginning  with  1928  the  corn-yield 
inquiiy  has  been  repeated  on  the  December  1  schedule.  The  esti- 
mated yield  of  corn  is  not  strictly  for  "grain  only"  in  all  States, 
although  the  schedule  specifies  "corn  for  grain."  During  the  last 
three  years  an  effort  has  been  made  to  distinguish  between  the  yield 
of  corn  for  grain  and  the  yield  for  other  purposes,  and  as  a  result, 
supplementary  estimates  have  been  made  of  the  yield  for  grain,  that 
are  separate  from  the  regular  grain-equivalent  basis. 

REPRESENTATIVENESS 

The  samples  of  corn  yield  usually  come  from  points  that  are  dis- 
tributed over  a  State  in  about  the  same  proportion  as  is  the  acreage 
of  corn,  so  a  high  degree  of  geographic  representativeness  is  generally 
attained,  except  in  some  of  the  far  Western  States,  and  some  of  the 
smaller  States  where  the  small  number  of  reports  sometimes  leads 
to  distortion  when  district  averages  are  weighted.  The  straight  and 
weighted  averages  (Table  10)  checked  within  1  bushel  in  over  80 
per  cent  of  the  samples  for  the  States,  exclusive  of  the  far  western 
group  where  only  about  20  per  cent  of  the  samples  checked  as  closely 
as  1  bushel.  The  acreage  of  corn  is  relatively  very  small  in  the 
Western  States — 7  of  the  11  far  Western  ^States  have  less  than  100,000 
acres  of  corn  each. 
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Table  10. — Corn:    Averages  of  yields  per  acre  computed  from  reports  cf  crop  cor- 
respondents, and  the  official  estimate,  by  States,  1927  and  1928 


State 


Maine 

New  Hampshire - 

Vermont 

Massachusetts. -- 

Rhode  Island 

Connecticut 

New  York 

New  Jersey 

Pennsylvania 

Ohio -. 

Indiana.- 

Illinois -. 

Michigan 

Wisconsin 

Minnesota. 

Iowa 

Missouri 

North  Dakota 

South  Dakota 

Nebraska 

Kansas 

Delaware 

Maryland 

Virginia 

West  Virginia 

North  Carolina.. 
South  Carolina... 

Georgia 

Florida 

Kentucky. 

Tennessee 

Alabama. 

Mississippi 

Arkansas 

Louisiana 

Oklahoma 

Texas 

Montana.. 

Idaho 

Wyoming 

Colorado 

New  Mexico 

Arizona. 

Utah 

Washington 

Oregon 

California 


1927 


Reported  by 
the  town- 
ship list 


1,000 

acres 

14 

15 

84 

40 

10 

55 

663 

179 

1,270 

3, 376 

4,205 

8,469 

1,418 

2,100 

4, 172 

10, 901 

5,796 

959 

4,655 

8,805 

5, 897 

135 

515 

1,626 

441 

2,352 

1,497 

3,893 

573 

2,885 

2,944 

2,800 

1,918 

1,925 

1,101 

3,177 

5,189 

305 

76 

176 

1,284 

166 

44 

19 

43 

81 

77 


Mo 

>  a 


Bush- 
els 


36.8 
43.3 
39  1 
3G.8 
33.8 
31.4 
28,6 
32.8 
30.8 
35.7 
28.9 
26.0 
28.3 
31.8 
31.5 
34.8 


30.8 
32.9 
22.9 
17.4 
15.3 


OJ   tJ) 


Bush 
els 


Reported 
by  the  field- 
aid  list 


.■s  a 

a>  S 

>  a 


36.7 
42.4 
40.1 
36.6 
33.4 
31.5 
28.8 
34.0 
31.2 
36.4 
28.8 
26  0 
29.7 
32.5 
31.8 


26.4 
26  7 
16.1 
18.0 
21.0 
18.1 
25.0 
23.2 
24.1 
39.0 
26.2 
24.6 
19.2 
40.0 
35.6 
41.1 
31.8 


29.9 
32.7 
22.8 
17.3 
14.5 


Bush 
els 
44.0 
48.0 
47.0 
40.0 
47.0 
48.0 
38.3 
44.0 
39.1 
34  0 
33.6 
31.7 
27.3 
33.7 
30.5 
36.2 
29.5 
27.8 
29.8 
31.7 
30.2 
34.0 
43.3 
29.1 
37.4 
23.1 
16.4 
14.2 


_taoa> 
'S 


25.7 
25.9 
15.7 
17.9 
20.7 
18.7 
26.0 
22  9 
24.2 
39.3 
23.4 
19.0 
17.5 
41.8 
32.9 
40.4 
33.7 


Bush- 
els 
46.6 
46.7 
44.3 
47.4 
47.8 
48.1 
38.2 
40.0 
40.0 
34.0 
33.8 
31.7 
27.8 
33.4 
31.3 
30.7 
29.4 
27.1 
31.6 
33.1 
29.4 
35.0 
42.3 
29.0 
36.4 
23.2 
16.8 
13.8 


28.7 
24.3 
17.0 
17.6 
18.0 
16.2 
25.1 
24.0 
23.4 
42.3 
23.4 
22.6 
20.5 
,39.5 
32.7 
40.8 
34.0 
39.0 


27.2 
23.7 
16.0 
17.8 
18.2 
10.7 
25.1 
23.0 
23.6 
43.0 
23.4 
19.5 
17.4 
43.6 
31.0 
34.0 
36.0 
33.0 


a 
a 

o 


Bush- 
els 
37.0 
41.0 
39.0 
41.0 
38.0 
38.0 
34.0 
40.0 
39.5 
32.5 
31.5 
30.0 
27.5 
32. 5 
30.5 
35.5 
29.0 
25.0 
29.0 
33.1 
30  0 
35.0 
44.0 
29.5 
33.5 
22.8 
17.0 
14.0 
13.0 
20.0 
24.0 
16.0 
17.8 
19.0 
17.5 
26.5 
23.0 
23.5 
41.0 
20.0 
15.5 
15.0 
32.0 
27.0 
37.0 
36.0 
32.0 


1928 


1.000 

acres 

13 

14 

80 

45 

10 

55 

650 

181 

1,283 

3,646 

4,440 

9,  570 

1,401 

2,121 

4,089 

11, 202 

6,  260 

997 

4,409 

8,937 

6,034 

130 

530 

1,626 

459 

2,305 

1,422 

3,620 

607 

3,029 

2,915 

2,050 

1, 765 

2,002 

1, 242 

3,050 

4,722 

274 

53 

167 

1,438 

199 

39 

18 

46 

82 

75 


Reported  by 
the  town- 
ship list 


.ti  a 

©  3 


>a 


Bush- 
els 


38.0 


38.8 
37.9 
35.7 
37.3 
33.5 
40.6 
34.5 
43.1 
37.8 
25.8 
21.8 
22.8 
27.7 


ho© 


a> 


Bush 
els 


37.0 


19.7 
13.1 
11.9 


24.5 
22.8 
14.1 
14.9 
18.3 
16.7 
22.5 
22.1 
22.2 
44.4 
21.4 
22.  2 

24!  0 

36.7 
35.5 
43.8 
36.6 


39.3 
37.8 
36.0 
38.7 
34.3 
43.4 
35.7 
42.9 
30.1 
25.1 
22.3 
22.1 
28.2 


Reported 
by  the  field- 
aid  list 


bfo 

Co  -.-I 


19.6 
12.9 
10.8 


Bush- 
els 
40.1 
44.2 
46.0 
43.0 
43.3 
48.5 
38.0 
39.0 
39.7 
38.0 
35.4 
38.6 
33.2 
44.6 
34.5 
42.2 
29.1 
25.7 
22.6 
21.9 
26.6 
29.5 
37.7 
27.5 
38.6 
19.0 
12.3 
10.6 


22.8 
22.4 
13.5 
15.0 
18.4 
17.6 
22.8 
21.8 
20.8 
40.9 
20.8 
19.6 
22.4 
3U8 
37.0 
40.0 
37.0 


'O  a; 
'S 


Bush- 
els 
39.6 
45.3 
46.7 
45.0 
44  4 
45.6 
37.2 
38.0 
40.5 
38.0 
30.3 
38.8 
33.4 
45.2 
34.7 
42.4 
29.5 
25.6 
21.8 
21.4 
20.1 
29.9 
30.3 
27.0 
37.9 
18.8 
12.1 
10.1 


26.2 
19.5 
14.0 
14.3 
17.7 
17.5 
21.7 
22.8 
18.3 
50.4 
21.4 
22.1 
21.0 
42. 5 
30.7 
44.5 
36.3 
31.2 


23.6 
19.7 
14.0 
14.3 
17.5 
17.5 
21.9 
22.3 
18.0 
49.4 
21.0 
17.4 
23.0 
30.9 
34.3 
42.0 
38.3 
35.3 


C3 

C 

■3 


Bush- 
els 
40.0 
40.0 
44.0 
42.0 
39.0 
42.0 
34.0 
38.5 
39.0 
37.5 
35.2 
38.4 
35.0 
43.0 
35.0 
42.6 
29.0 
24.5 
21.0 
23.8 
27.0 
33.0 
36.5 
27.5 
36.0 
18.5 
12.0 
10.5 
13.0 
22.0 
19.5 
11.5 
13.0 
16.5 
17.0 
23.0 
21.0 
19.0 
46.0 
18.0 
13.0 
17.  5 
20.  0 
29.0 
39.0 
30.0 
32.0 


'  Crop  reporting  district  or  county  averages  weighted  by  acreage  weights. 


ERRORS    OF    OBSERVATION 

Tabic  3  shows  the  reports  from  the  township  reporters  for  the 
inrpiirs^  of  Novonil)er,  1928,  p:rouped  by  specified  yields  per  acre  of 
'i'he  teiideiK-y  to  report  in  ii<2;ures  divisible  by  5  is  pronounced  ; 


corn. 


evenm  Gcorpa  where  the  average  yield  was  very  low,  57  per  cent  of 
the  yiehls  were  so  reported.  This  tendency  is  common  to  all  crops, 
as  exf)liiined  in  discussing  winter  wheat,  and  is  more  pronounced  in 
samples  of  the  yield  of  corn  (han  is  the  case  with  wheat.  About  OS 
per  cent  of  the  reports  in  the  wheat  samples  were  in  such  figures, 
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whereas  with  corn  78  per  cent  of  the  reports  in  Indiana,  87  per  cent 
in  Iowa,  and  82  per  cent  in  Colorado  were  in  figures  divisible  by  5. 
This  practice  results  in  a  relatively  smaller  error  of  observation  on 
corn  than  on  wheat,  because  corn  yields  are  generally  much  higher 
than  wheat  yields. 

BIAS 

Cash-crop  bias  with  corn  is  ordinarily  expected  only  in  States  that 
sell  corn,  where  some  bias  may  be  expected,  especially  in  years  when 
the  price  is  very  low  and  there  is  much  discussion  in  the  newspapers 
about  the  size  of  the  corn  crop  and  the  relation  of  large  and  small  crops 
to  the  price.  In  Iowa,  where  the  accessors'  annual  enumeration, 
taken  from  January  to  April,  reports  the  acreage  and  production  of 
corn  for  the  preceding  year,  the  average  yield  of  corn  can  be  derived 
and  used  as  a  check  against  the  yield  samples  obtained  in  November. 

In  1925,  which  was  a  year  of  a  large  corn  crop  in  this  country  with 
prices  much  lower  than  for  the  previous  year's  small  crop,  the  asses- 
sors' enumeration  showed  an  average  yield  of  corn  of  43.9  bushels 
which  was  slightly  higher  than  the  weighted  average  of  the  township 
reports  of  43.5  bushels  and  the  43  bushels  reported  by  the  field  aids. 
This  would  seem  to  indicate  the  presence  of  some  cash-crop  bias  in 
that  year.  In  1926,  although  the  Iowa  crop  was  nearly  12  per  cent 
less  than  the  year  before,  the  farm  price  in  November  of  58  cents  per 
bushel  was  also  lower  than  the  price  the  year  before- — 61  cents.  The 
assessors  found  a  yield  of  corn  husked  or  snapped  of  39.1  bushels, 
while  the  weighted  average  of  the  township  reports  was  only  36.3 
bushels  and  that  of  the  field-aid  reports  was  36.9  bushels,  a  dift'erence 
of  more  than  2  bushels.  In  both  1927  and  1928  the  assessors  reported 
yields  of  corn  lower  than  the  yields  reported  by  the  crop  report- 
ers. The  Iowa  farm  price  in  November,  1927,  was  69  cents  and  in 
November,  1928,  was  66  cents.  In  1927  the  assessors  showed  35.2 
bushels,  as  compared  with  the  36.4  bushels  reported  by  the  township 
list  and  36.7  bushels  reported  by  the  field-aid  list.  In  1928  the 
assessors'  report  of  yield  of  grain  was  41.3  bushels,  while  the  township- 
list  report  w^as  42.9  bushels  and  the  field-aid  report  was  42.4  bushels. 

In  1924,  Iowa  corn  was  soft,  and  only  5  per  cent  of  the  crop  was 
reported  as  having  been  husked  by  November  1.  Yield  of  corn  for 
grain  in  that  year  as  derived  from  the  Federal  census  enumeration  of 
acreage  and  production,  was  28.3  bushels,  whereas  the  assessors' 
enumeration  for  the  same  year  resulted  in  an  average  of  28.2  bushels. 
In  the  November  yield-inquiry  31.6  bushels  was  reported  by  the 
township  reporters  and  31.2  bushels  by  the  field-aid  reporters,  whereas 
on  December  1  the  field-aid  correspondents  reported  28.5  bushels. 

In  Iowa  there  is  apparently  a  tendency  for  the  crop  reporters  to 
overestimate  the  crop  in  years  of  soft  corn  and  to  underestimate  it 
in  years  of  well-matured  corn.  The  greater  shrinkage  in  years  of 
soft  corn  may  cause  the  farmers  to  report  a  lower  figure  late  in  the 
winter  to  the  assessor  than  they  estimated  on  November  1.  The 
present  policy  of  having  the  yield  inquiry  repeated  in  December  will 
undoubtedly  greatly  improve  the  estimates  of  corn  yields  in  the 
important  Corn  Belt  States. 

106756°— 32 5 
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PREVENTABLE    ERRORS 


In  parts  of  New  York,  Pennsylvania,  and  New  England,  the  fact 
that  fanners  measure  the  yield  of  corn  in  bushel  baskets  which  are 
equivalent  to  about  one-half  a  standard  bushel  has  led  to  the  action 
reported  on  page  24.  It  is  because  of  this  difficulty  that  the  recent 
estimates  of  corn  yields  in  New  York  and  New  England  are  not 
entirely  comparable  with  estimates  of  former  years.  In  so  far  as 
possible  the  estimates  are  now  on  a  standard-bushel  basis. 

PRECISION    OF    THE    SAMPLE    AVERAGES 

The  samples  of  corn  yield  are  remarkably  stable.  Averages  of 
the  township  and  field-aid  reports  in  States  east  of  the  Rocky  Moun- 
tains checked  within  1  bushel  or  less  in  about  60  per  cent  of  the  States 
in  1927,  and  in  80  per  cent  in  1928.  The  averages  from  the  two 
samples  checked  wdthin  2  bushels  in  the  reports  from  nearly  80  per  cent 
of  the  States  in  1927  and  in  97  per  cent  in  1928.  Since  corn  yields 
are  so  much  higher  than  wheat  or  rye  yields,  the  check  of  2  bushels  for 
corn  is  comparable  with  1  bushel  for  wheat  or  rye.  Even  in  four  of  the 
nine  far  Western  States  for  which  the  two  samples  are  available,  they 
checked  within  a  bushel. 

In  Table  11  are  presented  for  comparisons,  (1)  the  size  of  corn  yield- 
per-acre  sample,  (2)  the  average  yield,  (3)  dispersion,  (4)  variation, 
and  (5)  probable  error  of  the  average  yield  obtained  for  several  States. 
The  standnrd  deviation  of  corn  yields  as  reported  in  samples  from 
individual  States  varies  from  as  low  as  5  or  6  bushels  in  Mississippi  to 
as  high  as  nearly  12  bushels  in  certain  years  in  Kentucky  and  Nebraska 
In  the  important  Corn  Belt  States  it  usually  varies  between  7  and  11 
bushels.  In  Iowa,  where  conditions  are  probably  more  uniform  than 
in  any  other  State  of  equal  size,  the  coefficient  of  variation  was  as  low 
as  19  or  20  per  cent  in  three  out  of  four  years  and  in  the  fourth  year  it 
was  slightly  less  than  25  per  cent.  In  Illinois  and  Missouri  the  co- 
efficient of  variation  was  slightly  higher,  or  about  26  or  27  per  cent  in 
the  years  included  in  Table  11.  In  Nebraska  it  was  as  low  as  24  per 
cent  in  1923  and  27  per  cent  in  1927,  years  of  high  average  yields  for 
that  State,  while  in  1926,  a  year  of  low  yields,  the  standard  deviation 
was  high,  and  consequently  the  coefficient  of  variation  reached  67  per 
cent.  The  highest  coefficient  of  variation,  73  per  cent,  was  found  in 
the  1926  sample  for  Montana,  when  the  average  yield  for  the  State 
was  only  12  bushels;  but  in  1927,  with  an  average  yield  of  22  bushels, 
it  was  only  34  per  cent.  In  Texas,  the  coefficient  of  variation  was  as 
low  as  37  per  cent  in  1926  and  as  high  as  71  per  cent  in  1925,  a  year  of 
low  yields. 
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Table  11. — Corn:   Yields  per  acre.     Selected  illustrations  of  size  of  sample,  meas- 
ures of  dispersion,  and  probable  error 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

Iowa: 

1928             

Number 
492 

Bushels 
43.15 

Bushels 
8.09 

Per  cent 
18.7 

Bushels 
0.25 

Per  cent 
0.6 

1                                     .        

53 
49 
61 
62 
70 
50 
46 
45 
56 

40.85 
41.42 
43.77 
41.05 
45.04 
48.  90 
40.65 
42.44 
43.75 

6.25 
4.27 
8.  66 
5.67 
5.96 
7.71 
8.79 
8.28 
7.88 

15.3 
10.3 
19.8 
13.8 
13.1 
15.8 
21.6 
19.5 
18.0 

.58 
.41 
.75 
.49 
.48 
.74 
.87 
.83 
.71 

1.4 

2                                   

1.0 

3                 

1.7 

4 

1.2 

5                                                   

1.1 

6                                   

1.5 

7      _     

2.1 

8 

2.0 

9 

1.6 

1927                   .          

901 

35.42 

8.63 

24.4 

.19 

.5 

1 

107 
97 
98 

116 

115 
88 
91 

104 
85 

36.60 
32.00 
32.50 
39.00 
39.20 
38.50 
38.60 
29.70 
31.40 

.  7.10 
6.04 
8.82 
6.94 
6.94 
8.40 
7.78 
8.04 
9.54 

19.4 
18.9 
27.1 
17.8 
17.7 
21.8 
20.2 
27.1 
30.4 

.46 
.41 
.60 
.43 
.44 
.60 
.55 
.53 
.70 

1.3 

2                                     -        

1.3 

3                            

1.8 

4      

1.1 

5 

1.1 

6                                                

1.6 

7                 .                

1.4 

8 

1.8 

9 

2.2 

1926                                     ---     

784 

37.40 

7.33 

19.0 

.18 

.5 

1 

93 
83 
74 
95 
99 
92 
78 
89 
81 

35.70 
35.96 
37.84 
37.21 
40.86 
41.68 
34.10 
33.71 
38.83 

7.88 
5.52 
8.06 
7.64 
5.12 
7.49 
5.48 
6.56 
7.19 

22.1 
15.4 
21.3 
20.5 
12.5 
18.0 
16.1 
19.5 
18.5 

.55 
.41 
.63 
.53 
.35 
.53 
.42 
.47 
.54 

1.5 

2                                                

1.1 

3                            .              _     

1.7 

4                        

1.4 

5  

.9 

6 

1.3 

7                                               

1.2 

8      .             

1.4 

9 

1.4 

1925 

885 

45.70 

9.26 

20.3 

.21 

.5 

1                              

107 

100 

93 

110 

112 

96 

85 

95 

87 

36.50 
47.10 
51.80 
44.20 
47.70 
52.90 
44.20 
42.80 
45.20 

8.74 
7.32 
10.28 
8.74 
6.12 
9.04 
5.08 
6.52 
8.87 

23.9 
15.5 
19.8 
19.4 
12.8 
17.1 
11.5 
15.2 
19.6 

.57 
.49 
.72 
.56 
.39 
.62 
.37 
.45 
.64 

1.6 

2 

1.0 

3 

1.4 

4                                                       

1.3 

5                                   

.8 

6                 

1.2 

7 

.8 

8 

1.1 

9                                          

1.4 

Illinois: 
1927 

463 

31.56 

8.14 

25.8 

.26 

.8 

1                                           

67 
54 
52 
68 
43 
54 
50 
45 
30 

33.81 
30.65 
29.33 
34.48 
33.50 
32.04 
27.20 
31.66 
28.50 

8.25 
8.11 
8.14 
11.50 
6.69 
6.61 
8.38 
7.32 
6.79 

24.4 
26.5 
27.8 
33.4 
20.0 
20.6 
30.8 
23.1 
23.8 

.68 
.74 
.76 
.94 
.69 
.61 
.80 
.74 
.84 

2.0 

3  -     

2.4 

4 

2.6 

4a                                                 

2.7 

5 

6 

2.1 
1.9 

6a 

2.9 

7                                                     

2.3 

9        

2.9 

1926 

433 

35.27 

9.49 

26.9 

.31 

.9 

1                                                  

46 
44 
50 
64 
43 
50 
55 
44 
37 

38.81 
38.75 
38.10 
33.05 
39.30 
40.20 
32.55 
27.16 
30.68 

8.02 
8.06 
5.91 
9.50 
7.75 
6.10 
9.70 
12.40 
7.07 

20.7 
20.8 
15.5 
28.7 
19.7 
15.2 
29.8 
45.7 
23.0 

.80 
.82 
.56 
.80 
.80 
.58 
.88 
1.26 
.78 

2.1 

3                     

2.1 

4 

1.5 

4a                                                    -  . 

2.4 

5                                               

2.0 

6 

1.4 

6a 

2.7 

7 

9. 

4.6 
2.5 
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Table  11. — Corn:   Yields  -per  acre.     Selected  illustrations  of  size  of  sample,  meas- 
ures of  dispersion,  and  probable  error — Continued 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 

varia- 
tion 

Probable 
error  of 
the  aver- 
age yield 
or  mean 

Relative 

probable 

error 

Michigan: 

1927 

Number 
492 

Bushels 
27.30 

Bushels 
11.02 

Per  cent 
40.4 

Bushels 
0.34 

Per  cent 
1.2 

1 

6 

46 

9 

27 

43 

51 

99 

103 

108 

987 

10.80 
25.90 
25.30 
25.30 
24.80 
29.70 
24.10 
28.60 
30.60 

12.  25 
11.00 
12.12 
10.44 
11.71 
10.49 
8.06 
10.06 
12.10 

113.4 
42.  5 
47.9 
41.3 
47.2 
35.3 
33.4 
35.2 
39.5 

3.37 

1.09 

2.72 

1.35 

1.20 

.99 

.55 

.67 

.79 

31.2 
4.2 

10.8 
5.3 
4.8 
3.3 
2.3 
2.3 
2.6 

2. 

3 

4 

6 '. 

6 

7 

8. 

9 

^^issouri: 

1927 

29.61 

8.12 

27.4 

.17 

.6 

1 

145 
118 

77 
127 
181 
116 

64 
120 

39 

34.62 
30.34 
20.46 
30.67 
29.81 
30.17 
30.15 
29.67 
25.28 

7.57 
6.88 
8.44 
5.50 
7.95 
8.89 
7.93 
6.96 
7.76 

21.9 
22.7 
41.3 
17.9 
26.7 
29.5 
26.3 
23.5 
30.7 

.42 
.43 
.65 
.33 
.40 
.56 
.67 
.43 
.84 

1.2 
1.4 
3.2 
1.1 
1.3 
1.9 

O    9 

2 

3 

4 

5 

6 

7 

8 

1.4 
3.3 

9 

Nebraska: 

1928 

345 
337 
294 
348 
342 
402 

22.01 
32.05 
16.95 
26.  35 
24.25 
32.16 

9.30 
8.60 
11.35 
10.85 
7.40 
7.60 

42.3 
26.8 
67.0 
41.2 
30.5 
23.6 

.34 
.32 
.45 
.39 
.27 
.26 

1.5 
1.0 
2.7 

1.5 

1.1 

.8 

1927 

1926 

1925 

1924.. . 

1923 

Minnesota: 

1927 

608 
481 
330 

30.19 
34.31 
30.56 

11.65 

10.21 

9.17 

38.6 
29.8 
30.0 

.35 
.31 
.34 

1.2 

.9 

1.1 

1920 

1924 

Virginia: 

1927 

327 

28.50 

9.40 

33.0 

.35 

1.2 

2 

52 
25 
80 
29 
64 
45 
32 

32.60 
32.20 
27.60 
28.50 
31.50 
24.30 
26.70 

12.80 
10.40 
8.10 
6.  20 
9.20 
6.00 
8.60 

39.3 
32.3 
29.3 
21.8 
29.2 
24.7 
32.2 

1.20 
1.40 
.61 
.78 
.78 
.60 
1.02 

3.7 
4.3 
2.2 
2.7 
2.5 
2.5 
3.8 

4 

6 

6 

7 

8 

9 

1926 

271 

28.50 

10.40 

36.5 

.43 

1.5 

Kentucky: 

1928 

429 

24.25 

11.46 

47.3 

.37 

1.5 

1 

56 
51 
43 
60 
40 
38 
39 
64 
38 

19.02 
34.  90 
24.  89 
33.  17 
23.50 
14.08 
17.44 
20.63 
21. 19 

8.69 
9.63 
8.79 
6.  65 

10.91 
6.87 
6.88 
8.55 

10.97 

45.  7 
27.6 
35.  3 
20.0 

46.  4 
48.8 
39.  4 
41.4 
51.8 

.78 
.91 
.90 
.58 

1.16 
.75 
.74 
.72 

1.20 

4.1 
2.6 
3.0 
1.7 
4.9 
5.3 
4.2 
3.5 
5.7 

2 

3 

4 

6 

6 

7 

8 

9 

1927 

428 

26.55 

9.78 

36.8 

.32 

1.2 

ADEQUACY   AND   RELIABILITY   OF   CROP-YIELD    ESTIMATES 


69 


Table  11. — Corn:   Yields  per  acre.     Selected  illustrations  of  size  of  sample,  meas- 
ures of  dispersion,  and  probable  error — Continued 


State,  year,  and  district 

Eeports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 

of  re- 
ported 

yields 

OoefTi- 
cient  of 
varia- 
tion 

Probable 
error  of 
tile  aver- 
age yield, 
or  mean 

Kelative 

probable 

error 

Mississippi: 

1927 

Number 
430 

Bushels 
17.60 

Bushels 
5.51 

Per  cent 
31.3 

Bushels 
0.18 

Per  cent 
1.0 

1_ 

17 
52 
59 
27 
68 
58 
38 
47 
64 

22.90 
16.80 
18.00 
17.80 
17.10 
16.20 
16.60 
17.60 
18.90 

6.75 
5.30 
5.60 
8.85 
4.48 
3.81 
4.46 
6.35 
5.10 

29.5 
31.5 
31.1 
49.7 
26.2 
23.5 
26.9 
30.4 
27.0 

1.11 
.50 
.49 

1. 15 
.37 
.34 
.49 
.53 
.43 

4.8 

2                                                     

3.0 

3 

2.7 

4 , 

6.5 

5 

2.2 

6 

2.1 

7 

3.0 

8 

3.0 

9  .  .                            

2.3 

Oklahoma: 

1927. 

449 

24.90 

8.20 

32.9 

.26 

1.0 

1... 

14 
79 
55 
56 
80 
39 
46 
52 
28 

21.80 
25.60 
25.20 
23.80 
26.60 
24.  50 
24.40 
25.00 
23.80 

4.85 
8.30 
9.10 
11.  55 
7.75 
7.68 
7.60 
7.80 
6.35 

■      22.2 

32.4 
36.  1 
48.5 
29.1 
31.3 
31.1 
31.2 
26.7 

.87 
.63 
.83 
1.04 
.58 
.83 
.75 
.73 
.81 

4.0 

2 

2.5 

3 

3.3 

4 

4.4 

5 

2.2 

6 

3.4 

7  . 

3.1 

8... 

2.9 

9 

3.4 

New  Jersey: 

1928 .                 

222 

40.61 

10.85 

26.7 

.49 

1.2 

2 

61 
89 
72 

42.46 
40.50 
39.16 

11.10 

10.15 

9.55 

26.1 
25.1 
24.4 

.96 
.73 
.76 

2.3 

5 

1.8 

8..._                         

1.9 

1926 

212 

45.82 

10.75 

23.5 

.50 

1.1 

Texas: 

1928 

348 

328 
276 
247 

20.00 
22.00 
2().  00 
11.00 

9.17 
8.73 
9.50 
7.80 

45.8 
39.7 
36.5 
70.9 

.33 
.33 
.39 
.33 

1.6 

1927 

1.5 

1926 

1.5 

1925 

3.0 

Montana: 

1927 

52 
90 

22.04 
12.06 

7.48 
8.78 

33.9 

72.8 

.70 
.62 

3.2 

1926 

5.1 
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The  probable  error  of  the  corn-yield  averages  seldom  exceeds 
0.5  bushel  in  a  State  in  which  corn  is  at  all  important  and  frequently 
the  probable  error  is  as  low  as  0.2  or  0.3  bushel  in  States  like  Iowa, 
Illinois,  Missouri,  and  Mississippi.  The  relative  probable  error  for 
corn  yields  is  lower  than  the  error  for  any  other  crop  analyzed;  it  does 
not  exceed  0.5  or  0.6  per  cent  in  Iowa,  and  seldom  exceeds  1  per  cent 
in  Illinois,  Missouri,  Mississippi,  and  some  of  the  other  States.  Only 
in  some  of  the  far  Western  States  such  as  Montana,  or  in  Texas  in 
years  of  low  yields,  does  the  relative  probable  error  exceed  1.5  per 
cent.  In  Iowa  the  relative  probable  errors  of  the  crop-reporting 
district  averages  fall  almost  entirely  within  a  range  of  1  or  2  per  cent; 
in  Illinois,  with  a  much  smaller  sample,  they  usually  fall  between 
2  and  3  per  cent. 

When  allowance  is  made  for  the  effect  of  stratification  and  for  the 
fact  that  at  least  one  additional  sample  of  a  size  similar  to  the  one 
analyzed  was  also  included  as  a  basis  for  the  estimate  of  corn  yields, 
it  is  evident  that  in  most  States  the  size  of  sample  is  sufficient  to  give 
an  average  with  a  high  degree  of  precision.  Geographic  representa- 
tiveness is  well  taken  care  of  by  the  distribution  of  the  sample.  Cash- 
crop  bias  is  not  likely  to  be  a  serious  factor  except  in  a  few  States  in 
which  corn  is  sold,  and  then  only  in  years  of  low  prices  for  corn. 

Repeating  the  November  1  yield  inquiry  in  December,  making 
supplementary  estimates  of  "corn  for  gram  only"  and  allowing  for 
the  two  crops  grown  each  year  in  the  South  are  helping  to  improve 
the  accuracy  of  the  corn  estimates.  The  fact  that  corn  is  harvested 
for  other  purposes  than  grain  and  that  different  units  of  measurement 
are  used  in  different  regions,  makes  estimating  the  yield  difficult. 
Experimentation  in  the  making  of  the  estimates  is  undoubtedly 
improving  their  basis,  and  those  of  the  last  few  years  are  undoubtedly 
more  reliable  than  those  of  previous  years. 

OATS 

Oats,  like  corn,  are  widely  grown  over  the  entire  country.  Only 
four  of  the  smaller  States  have  less  than  10,000  acres.  Table  12 
shows  that  the  straight  and  weighted  averages  check  closely  and  that 
the  greatest  differences  tend  to  occur  in  the  far  Western  States  with 
their  varied  conditions.  As  with  other  crops,  there  is  the  tendency  to 
report  yields  in  figures  divisible  by  5,  but  since  oat  yields  are  generally 
much  higher  than  wheat  yields,  this  tendency  is  not  lilvcly  to  be  a 
source  of  error  as  large  as  with  wheat  samples.  Since  oats  are  pri- 
marily a  feed  crop,  little  if  any  cash-crop  bias  need  l)e  expected.  For 
the  same  reason  a  utilization  check,  based  upon  car-lot  shipments  and 
mill-door  receipts,  is  not  conclusive. 
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Table  12. — Oats:  Averages  of  yields  per  acre  compuled  from  reports  of  crop  corre- 
spondents, and  the  official  estimate,  by  States,  1927  and  1928 


State 


Maine 

New  Hampshire 

Vermont 

Connecticut 

New  York 

New  Jersey 

Pennsylvania 

Ohio 

Indiana 

Ilhnois 

Michigan 

Wisconsin 

Minnesota 

Iowa 

Missouri 

North  Dakota... 
South  Dakota... 

Nebraska 

Kansas 

Maryland 

Virginia 

West  Virginia... 
North  Carolina. 
South  Carolina.. 

Georgia 

Florida 

Kentucky 

Tennessee 

Alabama 

Mississippi 

Arkansas 

Louisiana 

Oklahoma 

Texas 

Montana 

Idaho 

Wyoming 

Colorado 

New  Mexico 

Arizona 

Utah 

Washington 

Oregon 

California 


1927 


uooo 

acres 
124 

n 

83 

15 

1,000 

49 

1,100 

1,900 

1,  948 

4,  008 

1,617 

2,422 

4,350 

fi,  001 

1,  565 

2,125 

2,550 

2,441 

1,301 

51 

186 

217 

273 

449 

442 

11 

215 

179 

101 

48 

207 

35 

1,112 

2,003 

596 

143 

120 

189 

30 

17 

51 

183 

310 

147 


Reported  by 
the  town- 
ship list 


bio 


Bush 
els 


35.9 
36.0 
34.1 
31.3 
23.4 
23.7 
32.0 
38.0 
27.6 
31.3 
18.3 
23.0 
28.  9 
27.6 
24.6 


23.7 
25.8 
18.0 
17.9 
15.6 


19.3 
19.1 
16.1 
17.8 
19.6 
17.5 
19.3 
18.6 
38.2 
44.  1 
38.7 
36.0 
28.8 
40.8 
49.0 
52.3 
38.9 


<D  bo 

"S 


Bush 
els 


35.9 
36.2 
34.0 
32.8 
24.2 
24.3 
32.8 
38.2 
28.2 
32.2 
16.4 
21.6 
29.0 
27.4 
23.8 


22.9 
26.0 
17.1 

17.8 
16.4 


19.7 
18.0 
15.9 
16.6 
21.7 
15.0 
19.2 
18.5 
37.3 
4.3.1 
36.7 
34.  3 
26.9 
39.5 
50.8 
49.0 
35.6 


Reported 
by  the  field- 
aid  list 


.t;  a 

>-  03 

I-  -^ 

^  a 


Bush 
els 
35.0 
38.0 
39.0 
34.0 
36.1 
39.0 
35.7 
31.2 
24.7 
23.7 
33.5 
37.9 
27.5 
31.4 
18.0 
23.9 
29.6 
30.  1 
23.4 
32.9 
24.  1 
24.7 
19.7 
16.8 
14.6 
9.9 
19.9 
18.5 
13.0 
15.7 
18.2 
13.6 
19.  4 
21.0 
39.9 
51.  9 
39.  3 
38.9 
35.  1 
43.3 
53.4 
53.9 


'S 


Bush 
els 
36.5 
39.1 
38.5 
32.6 
35.7 
37.0 
35.7 
31.6 
24.7 
25.8 
34.4 
38.5 
26.8 
32.5 
18.0 
21.4 
29.8 
2S.  7 
22.7 
33.  5 
22.7 
24.1 
19.  0 
16.4 
14.7 
10.2 


19.3 
18.8 
14.0 
16.  1 
18.0 
12.4 
19.  1 
21.5 
40  0 
48.  9 
39.  9 
36.  2 
28.8 
41.  1 
54.7 
49.8 


a 

CO 

"3 


Bush 
els 
37.0 
39.0 
39.0 
32.0 
35.0 
36.0 
36.0 
32.0 
25.0 
25.5 
33.5 
38.5 
26.8 
32.0 
17.0 
21.5 
29.3 
28.6 
23.5 
3.3.5 
21.5 
24.2 
21.0 
2.3.0 
21.0 
11.0 
19.0 
17.0 
17.5 
19.0 
20.0 
17.5 
19.0 
21.0 
40.0 
47.0 
36.  0 
29.0 
22.0 
36.0 
42.0 
50.0 
34.0 
28.5 


1928 


1,000 

acres 

120 

10 

79 

15 

1,020 

60 

1,067 

2,413 

2,430 

4,649 

1,633 

2,495 

4,089 

6,  oat 

1,706 

1,934 

2,  193 

2,392 

1,301 

54 

182 

204 

191 

337 

265 

11 

305 

188 

70 

41 

155 

44 

890 

1,402 

554 

137 

132 

193 

36 

14 

55 

20! 

304 

164 


Reported  by 

the  town 

ship  list 


a  a 

til)  a 

03.- 

£  a 


Bush- 
els 


27.3 


32.5 
36.0 
36.  1 
36.7 
35.3 
42.6 

30.  7 
38.8 
27.5 
31.9 
27.0 

31.  6 
28.1 


'S 


Bush 
els 


27.6 


25.2 
28.6 
20.3 
21.2 
17.4 


24.3 
22.4 
17.  7 
19.2 
22.9 
19.  1 
26.9 
26.9 
35.5 
45.  2 
3.5.7 
40  5 
22.3 
50.0 
51.7 
46.9 
38.3 


32.5 
37.6 
36.7 
37.  1 
36.6 
42.8 
36.9 
39.6 
27.2 
31.3 
26.2 
31.2 
27.8 


25.0 
28.2 
20.4 
21.  1 
17.9 


24.6 
21.7 
18.3 
18.6 
24.4 
19.5 
26.9 


Reported 

by  the  fleld- 

aid  list 


a  a 

!-  C3 
03   g^ 

Qi  a 

03  — 

5   <0 


35.  3 
42.3 
33.0 
37.5 
21.6 
50.0 
53.  1 
44.5 
36.3 


Bush 
els 
34.0 
41.0 
34.0 
28.0 
27.7 
31.0 
31.8 
35.3 
36.6 
37.6 
35.8 
43.7 
37.6 
40.6 
28.8 
31.3 
27.6 
32.6 
30.0 
31.4 
25.4 
29.0 
22.6 
19.7 
18.7 
14.6 
28.6 
21.3 
17.0 
18.2 
23.4 
2.3.2 
25.6 
24.8 
36.4 
53.0 
42.2 
37.3 
31.2 
42.0 
50.0 
51.3 
40.8 
36.4 


13  © 


Bush- 
els 
35.6 
41.0 
33.7 
25.6 
28.2 
30.0 
31.9 
36.6 
37.0 
37.4 
36.  1 
44.1 
37.6 
41.0 
28.5 
30.5 
27.5 
32.6 
29.9 
31.6 
25.7 
27.8 
22.4 
20.3 


14.  1 
27.6 
21.3 
16.0 
18.0 
21.0 
24.3 
25.6 
25.3 
35.7 
50.0 
36.3 
36.2 
32.3 
44.0 
47.0 
60.6 
36.9 
34.4 


03 

a 

VI 

'o 

6 
o 


Bush- 
els 
36.0 
39.0 
34.0 
27.0 
33.0 
30.0 
32.5 
37.0 
37.0 
37.5 
36.8 
43.5 
36.5 
40.0 
28.0 
31.0 
27.0 
33.0 
29.0 
31.5 
25.5 
28.0 
22.0 
23.0 
20.0 
17.4 
26.0 
21.5 
17.5 
20.0 
22.0 
24.6 
26.0 
26.5 
36.  5 
47.0 
31.0 
31.0 
20.0 
38.0 
45.0 
47.0 
36.0 
34.5 


•  Crop  reporting  district  or  county  averages  weighted  by  acreage  weights. 

PRECISION    OF   THE    SAMPLE    AVERAGES 

The  samples  of  oats  yields  are  nearly  as  stable  as  the  samples  of 
corn  yields,  with  only  a  few^  States  showing  a  difference  of  more  than 
2  bushels  between  the  weighted  averages  of  the  township  and  field- 
aid  samples.  The  greatest  differences  exist  in  the  samples  from  the 
South  Central  and  far  Western  States. 

Table  13  presents  for  comparison:  (1)  the  size  of  oats  yield-per- 
acre  sample,  (2)  the  average  yield,  (3)  standard  deviation,  (4)  varia- 
tion, and  (5)  probable  error  of  the  average  yield  obtained  for  several 
States.  In  about  one-half  the  State  samples  shown  in  Table  13  the 
coefficient  of  variation  is  less  than  30  per  cent,  but  it  reached  45  per 
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cent  in  Missouri  in  1927,  when  the  yield  was  only  about  18  bushels, 
and  it  reached  44  per  cent  in  Texas  in  1928.  In  Idaho,  the  standard 
deviation  was  almost  double  that  of  the  other  States,  but  the  high 
yield  of  over  50  bushels  per  acre  resulted  in  a  coefficient  of  variation 
of  less  than  28  per  cent.  The  probable  error  is  less  than  a  half  bushel 
in  practically  all  but  the  far  Western  States,  where  the  dispersion  is 
always  large  and  the  samples  are  small  in  size.  The  probable  error 
was  largest  in  California,  in  1927,  when  there  were  only  66  reports, 
and  in  Idaho,  in  1927,  when  there  were  only  91  reports.  The  relative 
probable  error  was  less  than  1  per  cent  in  many  of  the  States  but 
exceeded  2  per  cent  in- South  Carolina,  Texas,  Idaho,  and  Cahfornia. 

Table  13. — Oats:   Yields  per  acre.     Selected  illustrations  of  size  of  sample  measures 

of  dispersion,  and  probable  error 


State,  year,  and  districts 

Reports 

Average 
yield 

(arith- 
metic 
mean) 

Standard 
deviation 

of  re- 
ported 

yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield 
or  mean 

Relative 

probable 
error 

Iowa: 

1927 

dumber 
995 

Bushels 
31.30 

Bushels 
9.07 

Per  cent 
29.0 

Bushels 
0.19 

Per  cent 
0,6 

1 

119 

111 

120 

108 

148 

88 

89 

114 

98 

34.10 
35.00 
29.50 
32.60 
38.40 
32.70 
29.00 
24.00 
22.90 

6.85 
6.55 
8.30 
6.10 
6.95 
6.90 
6.00 
9.  35 
10.35 

20.1 
18.7 
28.1 
18.7 
18.1 
21.1 
20.7 
39.0 
4.5.2 

.42 
.42 

.51 
.40 
.39 
.50 
.43 
.59 
.71 

1.2 

2 

1.2 

3... - 

1.7 

4 

1.2 

6 

1  0 

6 

1.5 

7 

1  5 

8 

2.5 

9 

3  1 

Illinois: 

1928 

403 

37.80 

8.31 

22.0 

.28 

.7 

1 

54 
46 
45 
52 
59 
49 
40 
29 
29 

42.60 
42.30 
40.45 
39.40 
37.90 
33.15 
33.00 
34.15 
32.95 

8.71 
6.82 
7.88 
7.33 
7.13 
5.68 
8.  65 
6.58 
7.13 

20.4 
16.1 
19.5 
18.6 
18.8 
17.1 
26.2 
19.3 
21.6 

.80 
.68 
.79 
.69 
.63 
..55 
.92 
.82 
.89 

1  9 

3 

1  6 

4 

2.0 

4a 

1  8 

6 

1.7 

6 

1  7 

6a 

2  8 

7 

2  4 

9 

2  7 

North  Dakota  1927 

393 

24.30 

9.85 

40.5 

.34 

1  4 

1 

C7 
43 
75 
3fi 
30 
25 
34 
40 
43 

27.60 
25.30 

17.70 
31,70 
19.60 
16.  20 
30.60 
33.  10 
17.60 

8.28 
6.42 
6.80 
7. 09 
10.08 
5.  49 
8.99 
7.21 
8.17 

30.0 
2,5.  4 
38,4 
22,4 
51,4 
33,9 
29,4 
21,8 
46,4 

.68 
.66 
.  53 
.80 

1.24 
.74 

1.04 
.77 
.84 

2  5 

2 

2  6 

3 

3  0 

4 

2  5 

6 

6  3 

6 

4  6 

7 

3  4 

8... 

2  3 

9 

4  8 

Ohio:  1928  « 

440 
f)79 
516 
504 
295 
146 
829 
183 
174 
168 
218 
60 

36.01 
33.70 
27.74 
17.69 
32.65 
35.30 
36.91 
21.60 
23.00 
39.  XO 
62.80 
31.37 

9.04 

10.63 

9.08 

8.01 

8.45 

8.60 

8.36 

9.20 

10.16 

12.24 

18.51 

12.20 

25.1 
31.5 
32.7 
45.  3 
25.9 
24.4 
22.6 
42.6 
44.2 
30.8 
35.1 
38.9 

.29 
.28 
.27 
.24 
.33 
.17 
.20 
.46 
.52 
.64 
.85 
1.01 

.8 

Michik'Hn:  1927. 

8 

Minnostota:   1927 ._ 

1.0 

Missouri:  1927 

1.4 

Nebriuska:  192S 

1.0 

New  York:  1927 

.5 

Pennsylvania:  1927  ' 

.5 

South  Carolina:  1927 

2  1 

Texas:  192H   .    

2.3 

Montana:   1927  

1  6 

WiushinKton:  1927 

1.6 

California:  1927 

3.2 

I'laho: 

1927 

91 
122 

62.00 
60.40 

14.60 
14.00 

27.9 
27.8 

1.03 
.85 

2  0 

1926 

1  7 

6 

38 
30 

63.40 
63.30 

13.98 
12.99 

26.2 
24.4 

1.63 
1.60 

2  9 

8 

3  0 

'  Hample  taken  in  Ortober. 

'  Roturn  from  a  special  list  of  crop  correspondents. 
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District  stratification  resulted  in  districts  with  smaller  standard 
deviations  than  the  deviations  for  the  State  in  the  three  important 
oat  States  Iowa,  Illinois,  and  North  Dakota.  This  is  to  be  expected, 
as  oat  yields  are  generally  lower  the  farther  south  they  are  grown. 
The  crop-reporting  districts  would  tend  to  show  the  higher  yields  in 
the  more  northern  districts,  and  tliis  was  the  case  in  Iowa  and  Illinois. 

The  averages  of  the  samples  of  oat  yield  are  so  stable  that  no  in- 
crease in  the  size  of  sample  or  improvement  in  method  of  stratifica- 
tion and  weighting  would  materially  change  the  results  in  the  larger 
States  east  of  the  Rocky  Mountains.  Even  in  the  far  Western  States 
the  sample  seems  to  be  somewhat  more  stable  than  is  the  case  with 
some  of  the  other  crops. 

BARLEY 

Although  barley  is  now  primarily  a  feed  crop  it  is  not  as  well  dis- 
tributed over  the  country  as  corn  or  oats.  Little  barley  is  grown  in 
the  southern  States.  The  important  spring-wheat  States  are  also  the 
important  barley  States.  The  acreage. of  barley  has  been  increasing 
rapidly  over  the  Corn  Belt  during  the  last  four  or  five  years,  and  it 
has  been  difficult  to  maintain  adequate  acreage  weights  for  use  with 
yield-per-acre  samples.  The  barley  samples  for  1927  and  1928,  in 
Table  14,  showed  a  surprisingly  close  agreement  between  the  straight 
and  weighted  averages  of  the  samples.  It  is  not  until  the  far  Western 
States  are  reached  or  Texas  and  Oklahoma  are  considered,  that  the 
straight  and  weighted  averages  differ  by  more  than  2  bushels,  and 
even  in  these  States  the  difi^erence  exceeds  2  bushels  in  only  about 
one-half  of  the  samples.  The  weighted  averages  from  the  township 
and  field-aid  samples  checked  within  1  or  2  bushels  in  most  of  the 
States  west  of  the  Rocky  Mountains.  In  these  Western  States,  where 
great  dift'erences  exist  and  where  the  acreage  of  the  crop  and  conse- 
quently of  the  samples  obtained  are  very  small,  the  two  averages 
frequently  dift'er  by  several  bushels. 

Table  15  presents  for  comparison  (1)  the  size  of  barley  yield-per- 
acre  sample,  (2)  the  average  jaeld,  (3)  dispersion,  (4)  variation,  and 
(5)  probable  error  of  the  average  yield  obtained  for  several  States. 
The  coefficient  of  variation  ranged  from  a  low  of  22  per  cent  in  Minne- 
sota in  1924  to  51  per  cent  in  Nebraska  in  1926,  exceeding  40  per  cent 
in  only  a  few  cases,  usually  in  years  of  low  average  yields.  The  stand- 
ard deviation  for  barley  yields  seldom  exceeds  8  or  10  bushels.  The 
probable  error  was  less  than  0.3  bushel  in  Iowa,  North  Dakota,  and 
Minnesota,  and  exceeded  1  bushel  only  in  States  like  Pennsylvania 
that  have  a  small  acreage.  The  relative  probable  error  was  as  low  as 
1  per  cent  in  Iowa  and  Minnesota.  For  1925  and  1926  it  exceeded  2  per 
cent  in  Nebraska,  in  Pennsylvania,  where  the  sample  was  very  small, 
and  in  CaUfornia,  where  the  dispersion  was  large. 
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Table  14. — Barley:  Averages  of  yields  per  acre  computed  from  reports  of  crop  corre- 
spondents, and  the  official  estimate,  by  States,  1927  and  1928 


1927 

1928 

State 

tic 
o 

< 

Reported  by 
the  town- 
ship list 

Reported 
by  the  field- 
aid  list 

.2 
"3 

o 

s 

o 

Reported  by 
the  town- 
ship list 

Reported 
by  the  field- 
aid  list 

If 

.a 

til  o 

u 

< 

i 

XI  a 
'S 

-a 

S  a> 

.a 
'S 

.■S  a 

'S 

•P 

i 

SI 

.^ 
a 

a 

e 

o 

New  York 

1,000 

acres 

188 

21 

155 

35 

453 

186 

620 

1.460 

454 

7 

1,663 

1,200 

246 

452 

9 

13 

20 

42 

36 

195 

195 

129 

59 

410 

8 

20 

30 

9 

58 

91 

994 

Bush- 
els 
29.5 
27.0 
26.9 
25.4 
27.5 
27.3 
34.1 
29.1 
31.6 
25.0 
26.8 
30.1 
28.7 
18.8 

Bush- 
els 
30.0 
27.2 
26.7 
24.1 
30.0 
27.2 
34.3 
28.5 
31.6 
25.0 
26.0 
30.0 
29.8 
17.1 

Bush- 
els 
30.6 
27.0 
27.6 
23.5 
28.3 
29.4 
34.2 
30.7 
31.8 
23.0 
25.5 
30.6 
30.0 
17.6 
30.7 
26.0 
25.1 
21.0 
18.9 
18.0 
32.7 
49.5 
36.9 
32.6 
28.5 
35.9 
48.9 
53.9 
43.0 
35.5 

Bush- 
els 
30.7 
27.7 
27.4 
23.5 
29.8 
29.0 
34.5 
29.5 
31.9 
23.0 
24.7 
30.1 
31.2 
14.6 
30.5 
25.6 

"i7."9" 
10.0 
32.6 
45.6 
37.9 
26.9 
22.6 
36.4 
52.7 
55.2 
41.8 
35.4 

Bush- 
els 
29.0 
28.0 
27.0 
23.8 
29.5 
28.5 
34.5 
30.0 
31.4 
23.0 
25.5 
30.1 
30.8 
12.6 
30.5 
26.0 
24.0 
19.0 
16.5 
10.0 
33.0 
44.0 
34.0 
22.0 
18.0 
35.0 
47.0 
45.0 
42.0 
35.0 
27.5 

1,000 

acres 

169 

29 

333 

94 

680 

270 

725 

2,000 

802 

17 

2,179 

1,644 

430 

633 

13 

14 

32 

21 

23 

156 

209 

144 

77 

547 

12 

17 

34 

11 

55 

105 

1,044 

Bush- 
els 
27.3 
29.4 
27.7 
25.6 
27.5 
29.5 
36.2 
30.2 
32.7 
19.7 
26.4 
24.2 
30.7 
25.9 

"so.'o" 

21.8 
24.3 
23.0 
21.  6 
29.1 
36.4 
33.1 
33.1 
26. 2 
40.0 
52.4 
43.0 
37.2 
34.4 

Bush- 
els 
27.6 
30.8 
27.6 
25.6 
29.3 
29.6 
36.4 
28.5 
33.2 
19.1 
25.8 
21.5 
30.6 
25.7 

"30."2' 

"23."6' 
24.9 
18.4 
29,2 
35.4 
30.4 
26.7 
24.9 
40.0 
50.1 
46.7 
35.6 
34.5 

Bush- 
els 
27.7 
27.1 
26.7 
23.9 
28.6 
30.7 
37.1 
31.0 
33.2 
24.0 
26.0 
23.5 
31.3 
28.3 
31.4 
30.5 
25.4 
22.0 
20.7 
20.2 
30.7 
49.0 
33.5 
30.9 
28.1 
38.0 
52.0 
37.0 
37.3 
36.0 
31.4 

Bush- 
els 
28.2 
27.4 
27.6 
23.0 
29.7 
30.7 
37.5 
29.7 
34.1 
22.0 
25.3 
21.9 
33.7 
28.5 
31.6 
30.5 
23.2 

22.1" 

20.6 

30.7 

47.0 

34.3 

28.7 

32.3 

39.0 

52.9 

36.1 

35.3 

"so.'i' 

Bush- 
els 
27.5 

Pennsylvania              

27  0 

Ohio 

27.6 

Indiana 

24.0 

Illinois 

29  5 

Michigan _ 

30.0 

Wisconsin           

37  I 

Minnesota 

30.0 

Iowa  

33  5 

Missouri 

22.0 

North  Dakota..-  

25.  5 

South  Dakota     . 

21  7 

Nebraska .. 

32.6 

Kansas. ..    . 

27.9 

Maryland 

31  0 

Virginia. 

26.0 
22.0 
18.3 
16.6 
18.2 
33.1 
40.3 
33.6 
30.5 
23.3 
33.8 
46.3 
45.5 
40.1 
38.9 

26.3 

'i7."6" 
13.1 
14.6 
32.6 
40.7 
34.8 
23.8 
22.0 
34.0 
47.5 
38.5 
38.6 
38.9 

29  0 

North  Carolina 

23.0 

Tennessee 

20.0 

Oklahoma 

22.0 

Texas 

21.0 

Montana 

30  5 

Idaho , 

43  0 

\V  yoming 

30  0 

Colorado.- 

24  0 

New  Mexico. - 

19  0 

Arizona 

38  0 

Utah      

49  0 

Nevada.  

40  0 

Washington 

35  5 

Oregon.    

35  0 

California 

30  5 

>  Crop  reporting  district  or  county  averages  weighted  by  acreage  weights. 

Stratification  of  the  State  into  crop-reporting  districts  resulted  in 
district  samples  with  standard  deviations  materially  smaller  than 
those  for  the  State  as  a  w^hole,  in  both  Iowa  and  North  Dakota. 

The  samples  of  barley  yields  show  less  stabiUty  and  the  averages 
have  less  precision  than  do  those  of  either  oats  or  corn.  This  is  to 
be  e.xpected  as  barley  is  a  major  crop  in  only  a  few  States,  such  as 
Minnesota,  North  Dakota,  and  South  Dakota.  In  some  of  the  States 
with  small  acreage  and  small  samples  some  increase  in  size  of  sample 
would  undoubtedly  improve  the  precision  of  the  sample  averages,  but 
barley  is  of  such  minor  importance  as  a  croj)  in  most  of  these  States 
that  it  would  hardly  be  worth  while,  considering  the  faciUties  available 
at  present,  to  enlarge  the  suniplo. 
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Table  15. — Barley:  Yields  per  acre.    Selected  illustrations  of  size  of  sample,  measures 

of  dispersion,  and  probable  error 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

Iowa: 

1927         

Number 
634 

Bushels 
31.50 

Bushels 
7.67 

Per  cent 
24.3 

Bushels 
0.21 

Per  cent 
0.7 

1             

103 
94 
90 
78 
97 
58 
58 
41 
16 

34.  00 
34.60 
31.  20 
31.70 
33.40 
29. 00 
25.80 
28.50 
24.70 

6.70 
6.61 
7.36 
6.90 
7.54 
7.30 
6.00 
8.94 
7.84 

19.7 
19.1 
23.6 
21.8 
22.6 
25.2 
23.3 
31.4 
31.7 

.45 
.46 
.52 
.53 
.,52 
.65 
.53 
.94 
1.37 

1.3 

2                                                       

1.3 

3                                       

1.7 

4 

1.7 

5                                                       

1.6 

6_          

2.2 

7 

2.1 

8               .             .  _      

3.3 

9 

5.5 

1926               

478 
490 

31.00 
32.80 

8.75 
8.20 

28.2 
25.0 

.27 
.25 

.9 

1925 

.8 

North  Dakota: 

1927 

401 

26.80 

8.05 

30.0 

.27 

1.0 

1 

71 
37 
84 
33 
32 
31 
31 
35 
47 

28.60 
27.80 
20.80 
32.20 
25.  50 
25.  90 
30.30 
31.10 
26.40 

7.47 
7.59 
5.24 
9.62 
7.22 
6.47 
8.28 
6.67 
6.52 

26.1 
27.3 
25.2 
29.9 
28.3 
25.0 
27.3 
21.4 
24.7 

.60 
.84 
.39 

1.13 
.86 
.78 

1.00 
.76 
.64 

2.1 

2 

3.0 

3-  _          

1.9 

4 

3.5 

5                              .  _       . 

3.4 

6 

3.0 

7 

3.3 

8               

2.4 

9 

2.4 

Pennsylvania: 

1927  ' 

139 
53 

24 
29 

28.00 
27.00 
28.  30 
26.10 

8.36 
7.54 
7.92 
8.55 

29.9 
27.9 
28.0 
32.8 

.48 

.70 

1.09 

1.07 

1.7 

1927                    -          

2.6 

1926  

3.9 

1925                                -  -       

4.1 

Michigan: 

1927                              

333 

226 
309 

29.40 
24.80 
18.00 

8.77 
8.11 
7.75 

29.8 
32.7 
43.1 

.32 
.36 
.30 

1.1 

1925 

1.5 

1921                                

1.7 

Minnesota: 

1927                              

489 
508 
475 

30.70 
26.13 
32.77 

8.31 
8.23 
7.35 

27.1 
31.5 
22.4 

.25 
.25 
.23 

.8 

1926  -  -          

1.0 

1924 

.7 

Nebraska: 

1928                              -  -          . 

174 
172 
123 
130 
154 
234 

31.26 
30.06 
21.00 
23.05 
25.61 
29.04 

8.40 
7.05 
10.70 
8.60 
7.60 
8.50 

26.9 
23.5 
51.0 
37.3 
29.7 
29.3 

.43 
.36 
.65 
.51 
.41 
.37 

1.4 

1927  -                 

1.2 

1926 

3.1 

1925                     

2.2 

1924  

1.6 

1923                     

1.3 

California: 

1927                

167 
174 
139 

27.55 
28.02 
29.68 

7.68 
11.33 
11.02 

27.9 
40.4 
37.1 

.40 

.58 
.63 

1.5 

1926                                            -  -  - 

2.1 

1925                 

2.1 

4                       

32 
43 
39 

32.66 
33.02 
26.93 

13.97 
9.83 
8.73 

42.8 
29.8 
32.4 

1.66 

1.01 

.94 

5.1 

5 

3.1 

5a                          ._-_.-.- 

3.5 

'  Return  from  a  special  list  of  crop  correspondents. 

COTTON 
REPRESENTATIVENESS 


The  township  and  field-aid  samples  for  1927  and  1928  are  shown  in 
Table  16.  The  straight  and  weighted  averages  checked  within  a 
few  pounds  in  most  of  the  important  cotton  States.  The  greatest 
differences  occurred  in  the  Mississippi  samples  for  1928.  In  Missis- 
sippi there  is  a  great  difference  between  the  yield  p^^  ^ci:e.  qI  cotton. 
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in  the  so-called  Delta  section  of  the  State  (districts  1  and  4)  and  in 
the  highland  sections.  Difficulty  in  obtaining  a  sufficient  number  of 
reporters  in  this  Delta  section  means  that  in  years  when  the  Delta 
has  a  good  crop  of  cotton,  the  weighted  average  is  higher  than  the 
straight  average.  Difficulty  in  obtaining  full}^  representative  samples 
in  New  Mexico  and  Arizona  means  that  the  weighted  average  fre- 
quently differs  considerably  from  the  straight  average.  In  these 
States,  as  with  other  crops,  sample-data  on  cotton  yields  must  be 
supplemented  by  other  check  information. 

Table   16. — Cotton:  Averages  of  yields   per  acre  computed  from  reports  of  crop 
correspondents,  and  the  official  estimate,  by  Slates,  1927  and  1928 


1927 

1928 

State 

1 

i 

< 

Reported  by 
the  town- 
ship list 

Reported 
by  the  field- 
aid  list 

a 
"a 

o 

e 
o 

CS 

o 

<1 

Reported  by 
the  town- 
ship list 

Reported 
by  the  field- 
aid  list 

> 

a>  S 

<2 

> 

-3  (U 
<B  to 

'5 

5^ 

t£  a 

> 

"S 

^  a 
■3  2 

C3  — 

> 

(C  so 
'5 

H 
"i 

e 

o 

Missouri 

1,000 

acres 

291 

64 

1,728 

2,356 

3,413 

64 

965 

3,  166 

3,340 

3,048 

1,542 

3,601 

16, 176 

95 

139 

138 

Lbs. 
188 
210 
227 
139 
153 
114 
172 
171 
189 
150 
165 
108 
117 
316 
310 
478 

Lbs. 

189 
210 
226 
134 
144 
113 
162 
167 
196 
152 
163 
124 
119 
323 
315 
478 

Lbs. 
168 
218 
227 
148 
162 
130 
167 
176 
193 
135 
177 
131 
125 
331 
373 
349 

Lbs. 
164 
217 
228 
142 
156 
129 
168 
177 
190 
145 
178 
131 
127 
361 
372 
352 

Lbs. 
188 
230 
238 
148 
154 
126 
178 
180 
194 
157 
170 
138 
129 
352 
315 
340 

1,000 

acres 

334 

79 
1,860 
2,361 
3,728 

95 
1,  107 

3,  534 
4,029 
3,681 
1,990 

4,  243 
17,  743 

117 
200 
218 

Lbs. 

157 
264 
192 
1.34 
136 
107 
174 
147 
153 
147 
150 
120 
137 
292 
388 
418 

Lbs. 
157 
264 
192 
133 
128 
107 
178 
140 
172 
151 
160 
121 
133 
335 
349 
418 

Lbs. 
189 
263 
211 
145 
140 
94 
178 
145 
163 
144 
160 
127 
131 
343 
436 
414 

Lbs. 
194 
281 
211 
143 
133 
98 
175 
142 
170 
152 
171 
127 
131 
362 
421 
420 

Lbs. 
210 

Virginia .- 

265 

North  ('.irolina.- 

South  Carolina .. 

215 
147 

Georgia 

132 

Florida. 

97 

Tennessee— 

185 

Alabama      ..  

150 

Mis.si.ssippi _ 

175 

Arkansas 

162 

Louisiana _ 

166 

Oklahoma-- 

136 

Texas 

138 

New  Mexico -.. 

360 

Arizona 

California 

357 
378 

1  Crop-reporting  district  or  county  averages  weighted  by  acreage. 

BIAS 

The  greatest  difficulty  encountered  in  obtaining  the  average  yield 
per  acre  of  cotton  is  the  presence  of  a  large  degree  of  cash-crop  bias 
in  the  individual  reports.  With  both  the  acreage  and  yield  of  cotton 
there  is  always  a  marked  tendency  for  crop  reporters  and  others  to 
underestimate  acreage,  yield,  or  production,  until  after  the  crop 
leaves  the  farmers'  hands.  Table  17  shows  the  comparison  of  the 
reported  yields  per  acre  of  cotton  lint  from  both  the  township  and 
field-aid  lists  for  three  successive  months  during  the  season  of  har- 
vest— October,  November,  and  December — and  the  returns  from  an 
inquiry  sent  out  in  March  after  a  large  proportion  of  the  cotton  has 
loft  farmers'  hands. 
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Table  17. — Cotton  lint:  Weighted  averages  of  yields  per  acre  reported  by  crop 
correspondents  and  the  official  estimate,  by  States  and  by  months,  crops  of  1927 
and  1928 


Crop  of  1927  as  reported  in— 

Crop  of  1928  as  reported  in— 

State  and  list 

Octo- 
ber,! 
1927 

No- 
vem- 
ber, 
1927 

De- 
cem- 
ber, 
1927 

March 
1928 

Final 

Octo- 
ber, I 
1928 

No- 
vem- 
ber, 
1928 

De- 
cem- 
ber, 
1928 

March 

1929 

Final 

Missouri: 
Township 

Lbs. 

174 
148 

Lbs. 
151 
168 

Lbs. 
189 
164 

Lbs. 
204 
219 

Lbs. 

""m 

"'236' 

'"'23s' 

"'"hs" 

"154 

""126" 

""'l7S 

""im 

""\Vi 

""ilY 

""m 

""\zl~ 

""m 

"'352' 

Lbs. 
176 
185 

Lbs. 
162 
189 

Lbs. 
157 
194 

Lbs. 
186 
230 

Lbs. 

Field  aid    

Estimate 

210 

Virginia: 

Township 

199 
231 

230 
247 

210 

217 

257 
237 

237 

227 

248 
211 

264 
281 

302 

279 

Field  aid 

Estimate            _  .         

265 

North  Carolina: 

Township                        

189 
196 

200 
206 

226 
228 

251 
258 

187 
195 

195 
194 

192 
211 

216 
240 

Field  aid      .    

Estimate 

215 

South  Carolina: 

Township..  

113 
124 

116 
129 

134 
142 

165 
157 

132 
135 

126 

127 

133 
143 

147 
162 

Field  aid 

Estimate            

147 

Georgia: 

Township 

127 
135 

137 

146 

144 
156 

168 
178 

117 
115 

117 
117 

128 
133 

141 
146 

Field  aid      .           

Estimate 

132 

Florida: 

Township.    

141 
123 

113 
145 

113 
129 

148 
187 

80 
91 

109 
95 

107 
98 

103 

98 

Field  aid 

Estimate       .-           . 

97 

Tennessee: 
Township 

131 
135 

151 
158 

162 
168 

184 
194 

138 
136 

146 
142 

178 
175 

195 
188 

Field  aid           

Estimate 

185 

Alabama: 

Township      .      .. 

147 
142 

154 
158 

167 
179 

191 
203 

114 
125 

126 
127 

140 
142 

157 
166 

^ield  aid .-.  

Estimate                        

150 

Mississippi: 
Township 

153 
165 

170 

174 

196 
190 

222 
224 

144 
139 

158 
149 

172 
170 

191 
192 

Field  aid        

Estimate ... 

175 

Arkansas: 

Township.     __     

135 
130 

146 
131 

152 
145 

179 
169 

130 

131 

138 
141 

151 
152 

169 
165 

Field  aid 

Estimate          .  .. 

162 

Louisiana: 

Township                       .  . 

132 

148 

149 

158 

163 
178 

183 
205 

130 
133 

143 

154 

160 

171 

178 
187 

Field  aid        

Estimate 

166 

Oklahoma: 

Township 

Field  aid 

97 
101 

113 
114 

124 
131 

139 
148 

99 
99 

108 
109 

121 
127 

138 
144 

Estimate       .  . 

136 

Texas: 

Township 

109 
110 

112 

114 

119 

127 

132 
139 

117 
117 

128 
128 

133 
131 

142 

145 

Field  aid        

Estimate 

138 

New  Mexico: 

Township  ...  .  

329 
352 

288 
382 

323 
361 

479 
387 

240 
350 

385 
364 

335 
362 

Field  aid 

378 

Estimate ...    ._ 

360 

Arizona: 

Township.    

405 

343 
318 

315 
372 

379 

291 
397 

329 
402 

349 

421 

Field  aid : 

421 

Estimate...  ... .  . 

315 

"340" 

357 

California: 

Township 

366 
371 

358 
378 

478 
352 

380 
440 

309 
352 

326 
402 

418 
420 

346 
520 

Field  aid 

Estimate 

378 

United  States: 

Estimate _. _ 

154.5 

152.9 

1  Probable  yield  as  reported  on  Oct.  1. 
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One  might  expect  a  low  probable  yield  to  be  reported  on  the  first 
of  October,  when  the  crop  has  not  been  harvested  to  any  appreciable 
extent,  as  in  most  of  the  States  there  is  always  a  possibility  that  bad 
weather  ^vill  prevent  or  retard  the  picking  and  maturing  of  cotton 
after  that  date.  In  practically  all  States  in  which  cotton  is  an  im- 
portant crop  the  reported  yields  were  higher  for  each  successive 
inquiry,  the  highest  being  reported  in  March  of  the  folloA\ing  year. 
It  is  possible  that  the  crop  reporter  overestimates  the  yield  in  March, 
for  that  is  the  time  of  the  year  when  farmers,  obtaining  credit  for  the 
next  year's  crop,  are  inclined  to  be  optimistic  concerning  their  ability 
to  grow  cotton.  This  optimism  may  result  in  reporting  yields 
somewhat  above  the  facts. 

Fortunately  there  is  a  better  check  on  the  production  of  cotton  than 
of  any  other  crop;  the  cotton  ginnings  are  ascertained  through  periodic 
personal  visits  to  gins  by  special  agents  of  the  Bureau  of  the  Census. 
Although  it  is  known  that  there  is  a  large  degree  of  bias  in  sample 
data  on  both  cotton  acreage  and  cotton  yield,  it  is  extremely  diffi- 
cult to  determine  just  how  much  of  this  bias  occurs  in  the  yield 
reports  and  how  much  in  the  acreage  reports.  Development  of  more 
refined  methods  of  determining  acreage  changes  will  make  it  possible 
to  solve  this  problem. 

PRECISION    OF    THE    SAMPLE    AVERAGES 

The  weighted  averages  from  the  township  and  the  field-aid  sam- 
ples checked  fully  as  well  as  in  the  case  of  other  major  crops  in  1927 
and  1928.  The  greatest  difi"erences  between  these  two  samples  occur 
in  the  less  important  cotton  States,  Missouri,  Virginia,  and  Florida, 
and  in  the  far  Western  States,  where  conditions  are  extremely  varia- 
ble or  the  sample  is  very  small.  No  increase  in  the  number  of  reports 
is  likely  to  change  materially  the  averages  obtained  from  the  present 
lists  of  crop  reporters.  The  matter  of  bias  can  not  be  corrected  by 
increasing  the  size  of  sample. 

Table  18  presents  for  comparison  (1)  the  size  of  cotton  yield-per- 
acre  samples,  (2)  the  average  yield,  (3)  dispersion,  (4)  variation,  and 
(5)  probable  error  of  the  average  yield  obtained  for  several  States. 
Samples  of  cotton  yield  show  greater  dispersion  than  do  most  other 
samples  of  yield  per  acre.  The  coefficient  of  variation  is  seldom  less 
than  35  [)or  cent,  and  in  a  State  like  Oklahoma,  in  1927,  the  coeflicient 
of  variation  was  80  per  cent.  The  probable  error  of  cotton-yield 
samples  was  usually  below  2  pounds  in  Mississippi,  Georgia,  and 
Texas  for  the  years  studied.  The  probable  error  exceeded  3  pounds 
in  South  Carolina,  where  the  sample  is  smaller  than  in  most  States. 
The  rehitive  probable  error  was  about  1  per  cent  in  Georgia,  but  was 
more  than  2  per  cent  in  some  of  the  other  States,  depending  largely 
on  the  size  of  the  sample. 

The  crop  reporting  district  method  of  stratifying  cotton  yields  ma- 
Iciially  reduced  the  jjjobable  error  of  the  resulting  weighted  averages. 
The  district  samples  showed,  on  an  average,  smaller  standard  devia- 
tions than  did  tlie  sample  for  the  State  as  a  whole.  In  Oklahoma,  for 
example,  the  standard  deviation  for  the  State  in  1927  was  93  i)ounds, 
whereas  four  of  the  district  samples  showed  a  standard  deviation  of 
less  than  50  pounds. 
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Table    18. — Cotton:   Yields    per   acre.     Selected   illustrations   of  size   of  sample, 
measures  of  dispersion,  and  probable  error 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 

of  re- 
ported 

yields 

Coeffi- 
uieut  of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield 
or  mean 

Relative 

probable 

error 

Georgia: 

19271 

Number 
664 
759 

Pounds 
106 
154 

Pounds 
65.00 
60.20 

Per  cent 
39.2 
39.1 

Pounds 
1.70 
1.47 

Per  cent 
1.0 

1927  2                                                     .  . 

1  0 

1..     

103 

119 

68 

153 

119 

54 

57 

58 

28 

181 
193 
159 
143 
133 
120 
148 
150 
129 

53,  40 
66.70 
52.90 
51.20 
53.80 
38.80 
51.30 
57.80 
66.40 

29.5 
34.6 
33.3 
35.8 
40.5 
32.3 
34.7 
38.5 
51.5 

3.55 
4.12 
4.32 
2.79 
3.33 
3.56 
4.65 
5.12 
8.47 

2.0 

2 

2.1 

3              ...              .       .-. 

2.7 

4 ._       -       

2.0 

5 

2.5 

6 

3.0 

7 

3.1 

8 

3.4 

9 

6.6 

1927  3 

568 
474 

139 
164 

53.10 
56.50 

38.2 
34.5 

1.50 
1.75 

1.1 

19262 

1.1 

1 ....                 .       

51 
79 
52 
89 
66 
35 
39 
44 

171 
148 
143 
176 
165 
183 
166 
158 

52.70 
49.70 
44.70 
57.10 
59.70 
69.40 
42.50 
46.70 

30.8 
33.6 
31.3 
32.4 
36.2 
37.9 
25.6 
29.6 

4.98 
3.77 
4.18 
4.08 
4.96 
7.91 
4.59 
4.75 

2.9 

2 

2.5 

3 

2.9 

4 .          

2.3 

5 -.     ....     

3.0 

6 

4.3 

7 

2.8 

8 

3.0 

1926  3  - -                  -- 

532 

150 

54.20 

36.1 

1.58 

1.1 

Mississippi: 

1927*-—          .                       .           

625 
637 
285 

223 

190 

73 

79.49 
69.55 
42.50 

35.6 
35.5 
58.2 

2.14 
1.86 
1.70 

1.0 

1927  1 .... 

1.0 

1923' 

2.3 

Oklahoma: 

1927  1 ..     

376 

116 

93.00 

80.2 

3.24 

2.8 

3     .     .... 

30 
39 
83 
43 
94 
55 
26 

81 
186 
87 
48 
214 
49 
57 

38. 10 
99.60 
49.40 
42.00 
76.50 
54.30 
47.10' 

47.0 
53.5 
56.8 
87.5 
35.7 
110.8 
82.6 

4. 69 
10.  77 
3.66 
4.32 
5.32 
4.94 
6.23 

5.8 

4 ..     

5.8 

5 

4.2 

6..     ..                                       -.     - 

9.0 

7 ..     

2.5 

8 

10.1 

9 . 

10.9 

1926 1      . 

292 

172 

85.50 

49.7 

3.37 

2.0 

2 .. 

18 
14 
35 
59 
28 
71 
51 
16 

180 
137 
247 
179 
107 
123 
126 
86 

77.50 
54.00 
90.00 
68.10 
54.60 
75.80 
65.40 
47.00 

43.1 
39.4 
36.4 
38.0 
51.0 
61.6 
51.9 
54.7 

12.33 
9.74 

10.25 
5.98 
6.96 
6.06 
6.18 
7.93 

6.8 

3 ..     ....     

7.1 

4  . 

4.1 

5 .              .                

3.3 

6 

6.5 

7    .. 

4.9 

8 

4.9 

9 

9.2 

1924  1 

219 
234 

177 
170 

60.30 
57.70 

34.1 
33.9 

2.75 
2.54 

1.6 

1924  2 

1.5 

South  Carolina: 

1927  I 

257 

117 

99 

132 

152 
166 
146 
161 

73.60 
78.20 
48.00 
61.10 

48.4 
47.1 
32.9 
38.0 

3.10 

4.87 
3.25 
3.59 

2.0 

2.9 

1925  1 .      .        

2.2 

1924  1.... ._ 

2.2 

Alabama: 

1928  1- 

281 
404 

149 
175 

76.00 
67.00 

51.0 
38.3 

3.06 
2.25 

2.1 

19271. 

1.3 

Texas: 

19281- 

1,245 

1,336 

567 

540 

144 
127 
143 
106 

64.94 
58. 36 
60.12 
60.78 

45.1 
46.0 
42.0 
57.3 

1.24 
1.08 
1.70 
1.76 

.9 

1927  1 

.9 

1926  1..- 

1.2 

1925  1 

1.7 

1  As  reported  in  December. 

2  As  reported  in  November. 


3  As  reported  in  October. 
*  As  reported  in  March,  1928. 
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There  is  probably  no  crop  on  which  more  inquiries  are  sent  out  re- 
garding the  yield  per  acre  than  on  cotton.  Not  only  are  yields  ob- 
tained from  the  regidar  towTiship  and  field-aid  reporters,  but  lists  of 
ginners  and  bankers,  and  other  special  lists,  are  circularized  with 
cotton-yield  questionnaires.  The  final  estimate  of  the  yield  of  cotton 
per  acre  is  determined  in  part  on  the  basis  of  the  yield  per  acre  as 
derived  by  dividing  the  production  of  cotton  shown  by  the  ginning 
reports,  by  tlie  estimate  of  acreage  harvested  in  each  State.  A  large 
degree  of  cash  crop  bias  makes  it  almost  impossible  until  after  the  cro]) 
has  left  the  fai'jner's  hands,  to  secure  a  sample  on  yield  per  acre  that 
can  be  used  as  an  estimate  of  the  actual  yield.  Not  until  a  more 
satisfactory  method  of  estimating  acreage  changes  has  been  developed 
will  it  be  possible  definitely  to  measure  the  bias  of  the  cotton-yield 
samples. 

TOBACCO 

Tobacco  is  grown  in  rather  limited  areas.  In  any  one  year  disper- 
sion in  yield  per  acre  of  tobacco  in  a  State  is  due  not  only  to  geo- 
graphic distribution  of  weather  factors,  but  also  to  differences  in  soils 
on  which  the  tobacco  is  grown  and  to  the  various  types  of  tobacco 
produced.  In  Kentucky,  for  example,  six  types  of  tobacco  are  growTi 
in  more  or  less  sharply  defined  districts,  usually  referred  to  as  type 
districts.  As  a  result  of  this  diversity  in  the  factors  that  detemiine 
yield  per  acre,  fanners  report  tobacco  yields  that  range  from  300  to 
1,700  poimds  or  more  per  acre. 

REPRESENTATIVENESS 

Table  19  shows  the  State  average  yields  per  acre  of  tobacco  as  ob- 
tained from  the  township  and  the  lield-aid  samples.  The  straight  and 
weighted  averages  differed  considerably  in  some  of  the  States  in  which 
the  production  of  tobacco  is  highly  localized;  in  fact,  county  weights 
are  frequently  used  in  place  of  district  weights  with  such  a  highly 
locahzedcropastobaeco.  AlthougJi  thedifici-ence  between  thestraight 
and  weighted  averages  in  the  same  sample  may  amount  to  anywhere 
from  1  ])<)und  to  several  hundi-ed  pounds,  it  is  necessary  to  keep  in 
mind  that  the  true  average  yield  of  tobacco  on  a  State  basis  may  be 
anywhere  from  500  to  1,400  pounds,  depending  on  the  State  and  on 
the  type  of  tobacco  grown.  On  the  whole,  the  tobacco  samples  show 
no  larger  differences  between  straight  and  weighted  averages  than  do 
the  samples  of  most  other  crops  of  similar  acreage.  In  Table  19  States 
with  acreages  less  than  10,000  have  been  included. 
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Table  19. —  Tobacco:  Averages  of  yields  per  acre  computed  from  reports  of  crop  corre- 
spondents, and  the  official  estimate,  by  States,  1927  and  1928 


1927 

1928 

State 

1 

o 

Reported  by 
the  town- 
ship list 

Reported  by 
the  field- 
aid  list 

e 

o 

o 

Reported  by 
the  town- 
ship list 

Reported  by 
the  field- 
aid  list 

> 

03 
■c  a. 

5^ 

M 

S'5" 

t.  03 

C3   Oi 

>  a 

a 

MO- 

k.  S3 

CO   » 

>  s 

03 
O   ho 

£2 
'S 

a 
1 

3 

m 

o 

Massachusetts 

1,000 

acres 

7 

24 

1 

34 

30 

8 

31 

4 

32 

177 

4 

659 

104 

82 

290 

88 

1 

Lbs. 

Lbs. 

Lbs. 

1,383 

1,  255 

1,  250 

1,330 

826 

758 

990 

818 

818 

732 

822 

720 

705 

734 

705 

776 

400 

Lbs. 
1,399 
1,193 

"i,'329" 

828 
740 
1,010 
1,010 
818 
703 
820 
708 
756 
723 
707 
752 

Lbs. 

1,  223 

1,  223 

1,200 

1,360 

819 

700 

1,070 

1,100 

818 

723 

775 

737 

737 

725 

697 

780 

400 

1,000 

acres 

8 

25 

1 

37 

42 

14 

37 

4 

31 
181 
7 
728 
148 
122 
388 
109 
1 

Lbs. 

Lbs. 

i6s. 

1,411 

1,311 

1,200 

1, 395 

869 

820 

1,215 

825 

752 

716 

756 

636 

553 

673 

756 

736 

405 

1,376 
1,205 

"i,"380' 

859 
812 
1,255 
940 
739 
640 
752 
632 
549 
712 
754 
742 

Lbs. 
1,245 

Connecticut 

1, 190 

New  York 

Pennsylvania 

Ohio 

1,  239 

1,329 

851 

768 

1,023 

957 

1,272 
1, 336 
832 
781 
1,  025 
1,435 

1,080 

1,327 

733 

627 

1,281 

880 

'i,"335" 

744 

820 

1,324 

1,157 

1,275 
1.340 

800 

Indiana 

820 

Wisconsin      

1  325 

Missouri.- 

1  100 

Marvland_.  

700 

Virninia.-.     __     -^ 

792 
794 
692 
677 
722 
726 
825 

731 
791 

693 
678 
759 
718 
787 

600 

West  Virginia..  - 

750 

North  Carolina 

South  Carolina 

Georgia 

627 
542 
643 

737 
858 

628 
545 
662 
742 
782 

651 
556 
690 

775 

7C7 

Kentucky... _ 

Tennessee 

Louisiana 

405 

'  Crop-reporting  district  or  county  averages  weighted  by  acreage  weights. 

BIAS 

With  tobacco,  a  reliable  check  on  production  is  obtained  through 
the  records  of  sales  and  is  of  material  assistance  in  rectifying  not  only 
the  estimates  of  production,  but  also  those  of  acreage  and  yield  per 
acre.  There  is  some  tendency  toward  cash-crop  bias  in  some  States. 
Tobacco  is  such  a  highly  localized  crop  that  in  all  except  the  States  of 
largest  production  the  official  estimates  are  more  likely  to  be  based  on 
special  information  obtained  by  the  State  statistician  from  personal 
contacts  with  the  trade,  than  on  sample  data  reported  by  the  regular 
correspondents. 

PRECISION    OF   THE    SAMPLE    AVERAGES 

The  methods  of  handling  the  yield  samples  for  tobacco  vary  con- 
siderably from  one  State  to  another,  depending  on  local  conditions. 
Consequently  the  averages  from  the  field  lists  of  crop  correspondents 
are  not  always  comparable  with  the  averages  from  the  township  lists, 
and  such  a  comparison  is  not  particularly  significant  as  an  indication 
of  the  stability  of  two  samples  drawn  from  the  same  universe,  except 
in  the  States  with  the  greatest  acreage.  In  1927  the  two  weighted 
averages  from  the  separate  samples  were  693  and  708  poimds  in 
North  Carolina,  718  and  707  pounds  m  Kentucky,  and  731  and  703 
pounds  in  Virginia.  In  1928  these  averages  were  628  and  632  pounds 
in  North  Carolina  and  742  and  754  pounds  in  Kentucky.  The  two 
lists  were  merged  in  Virginia  in  1928.  These  three  States  have  about 
70  per  cent  of  the  tobacco  acreage  of  this  country,  whereas  the  remain- 
ing 30  per  cent  is  distributed  among  14  other  States. 

106756°— 32 6 
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Table  20. — Tobacco:   Yields   per   acre.     Selected  illustraiions   of  size  of  sample, 
measures  of  dispersion,  and  probable  error 


State,  year,  district,  and  type 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 

of  re- 
ported 

yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield 
or  mean 

Relative 

probable 

error 

Kentucky: 

1928                               

Number 
246 
411 
452 

Pounds 
763 
708 
710 

Pounds 
163.6 

184.4 
177.3 

Per  cent 
21.4 
26.0 
25.0 

Pounds 
7.0 
6.1 
5.6 

Per  cent 
0.9 

1927                          

.9 

1927 - 

.8 

1 

79 
76 
30 
88 
50 
64 
60 

708 
717 
740 
717 
738 
703 
677 

166.0 
204.8 
160.0 
197.0 
163.6 
123.8 
180.0 

23.4 
28.6 
21.6 
27.5 
22.2 
17.6 
26.6 

12.6 
15.8 
19.7 
14.2 
15.6 
10.4 
15.7 

1.8 

2                                      -  — 

2.2 

3                          

2.7 

5 

2.0 

7       .             

2.1 

7a 

1.5 

8                              ..       

2.3 

Clarksville  and  Hopkinsville 

Paducah.                      

32 

44 

29 

23 

35 

289 

461 

518 

678 
736 
734 
691 
731 
704 
875 
870 

131.5 
164.0 
153.7 
141.0 
116.5 
164.3 
206.2 
194.0 

19.4 
22.3 
20.9 
20.4 
15.9 
23.3 
23.6 
22.3 

15.7 

16.7 

19.2 

19.8 

13.3 

6.5 

6.5 

5.7 

2.3 
2.3 

Henderson-  

2.6 

Green  River     .-          -      - 

2.9 

One  sucker    ..  .  

1.8 

Burley                                    

.9 

1926                            .      

.7 

1926 

.7 

1               

87 
91 
32 
100 
68 
75 
58 

936 
837 
856 
903 
812 
868 
878 

228.4 
191.4 
174.8 
171.2 
154. 0 
164.0 
174.3 

24.4 
22.9 
20.4 
19.0 
19.0 
18.9 
19.9 

16.5 
13.5 
20.8 
11.5 
12.6 
12.8 
15.4 

1.8 

2 

1.6 

2.4 

5 

1.3 

1.6 

7a 

1.5 

1.8 

Clarksville  and  Hopkinsville 

Paducah 

34 

52 
27 
28 
39 
338 
250 

70 
21 
16 
22 

113 
94 
96 
83 

27 
27 

136 
25 
62 
25 

183 
75 

829 
788 
881 
907 
895 
864 
753 

1,394 
1,330 
1,331 
1,428 

771 
813 
794 
609 

759 
678 

740 
714 
771 
741 
697 
748 

127.5 
142.4 
172.2 
146.1 
188.0 
207.8 
173.0 

213.1 
204.6 
299.4 
302.1 

195.0 
296.0 
336.0 
216.0 

128.5 
147.6 

221.0 
156.0 
167.0 
152.0 
204.0 
190.0 

15.4 
18.1 
19.5 
16.1 
21.0 
24.1 
23.0 

15.3 
15.4 
22.5 
21.2 

25.3 
36.4 
42.3 
35.5 

16.9 
21.8 

29.9 
21.  H 
21.7 
20.5 
29.  3 
25.4 

14.8 
13.2 
22.3 
18.6 
20.3 
7.6 
7.4 

17.2 
30.1 
50.5 
43.4 

12.4 
20.6 
23.1 
16.0 

16.7 
19.1 

12.8 
21.0 
14.3 
20.5 
10.2 
14.8 

1.8 
1.7 

2.5 

Green  River 

2.1 

2.3 

Burley 

.9 

1.0 

Pennsylvania: 

1.2 

1927 - 

2.3 

3.8 

1925 

3.0 

1927 

1.6 

2.5 

1924 

2.9 

1921 

2.6 

South  Carolina: 

1927 

2.2 

1926 

2.8 

Georgia: 

1927 

1.7 

1927 

2.9 

1928 

1.9 

1926 

2.8 

1925 

1.5 

1924 

2.0 
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Table  20  presents  for  comparison  (1)  the  size  of  tobacco  yield-per- 
acre  sample,  (2)  the  average  yield,  (3)  dispersion,  (4)  variation,  and 
(5)  probable  error  of  the  average  yield  obtained  for  several  States. 
The  coefficient  of  variation  in  samples  of  tobacco  yield  seldom  exceeds 
30  per  cent  and  in  some  cases  is  below  20  per  cent.  The  probable 
eiTor  in  a  State  that  has  a  large  sample,  like  Kentucky,  seldom  exceeds 
6  or  7  pounds  for  the  State  as  a  whole,  but  in  most  States  the  sample 
of  tobacco  yields  is  small,  frequently  no  more  than  25  observations; 
consequently  the  probable  error  may  range  from  10  pounds  to  as  much 
as  50  pounds.^  In  dealing  with  a  crop  like  tobacco  the  relative 
probable  error  is  undoubtedly  the  more  significant  basis  for  compar- 
ison. In  Kentucky  the  relative  probable  error  was  usually  less  than 
1  per  cent,  and  even  in  some  of  the  States  with  a  small  sample  the 
relative  probable  error  seldom  exceeded  3  per  cent. 

STRATIFICATION 

A  comparison  of  the  standard  deviation  obtained  from  the  crop- 
reporting  districts  and  the  standard  deviation  obtained  from  the  type- 
districts  shows  that  there  is  somewhat  less  dispersion  when  the  sample 
is  stratified  by  type  districts  than  by  the  regular  crop-reporting  dis- 
tricts. With  a  highly  localized  crop,  such  as  tobacco,  made  up  of 
from  one  to  several  types  in  a  given  State,  there  is  no  question  but 
that  a  special  system  of  stratification  should  be  used,  which  would 
take  into  consideration  types  as  well  as  geographic  location.  Such 
a  method  of  stratification  would  tend  to  improve  the  precision  of  the 
average  yield  and  result  in  estimates  not  only  more  reliable,  but  far 
more  useful  to  persons  interested  in  tobacco. 

POTATOES 

REPRESENTATIVENESS 

Potatoes  are  grown  in  practically  every  State,  but  in  many  States 
the  acreage  is  small.  The  straight  and  weighted  averages  of  potato 
samples,  as  shown  in  Table  21,  checked  within  10  bushels  in  a  sur- 
prisingly large  number  of  States.  Only  in  an  occasional  sample  of 
potato  3delds  per  acre  did  these  two  averages  differ  by  more  than  20 
bushels;  most  of  these  occurred  in  the  far  Western  States. 
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Table  21. — Potatoes:  Averages  of  yields  per  acre  computed  from  reports  of  crop 
correspondents,  and  the  official  estimate,  by  States,  1927  and  1928 


State 


Maine 

New  Hampshire. 

Vermont 

Massachusetts... 

Connecticut 

New  Yorlv 

New  Jersey 

Pennsylvania 

Ohio 

Indiana 

Illinois 

Michigan 

Wisconsin 

Minnesota 

Iowa 

Missouri 

North  Dakota 

South  Dakota 

Nebraska 

Kansas 

Maryland 

Virginia 

Wast  Virginia 

North  Carolina-. 
South  Carolina-.. 

Georgia 

Kentucky 

Tennessee 

Alabama-- 

Mississippi 

Arkansas 

Louisiana 

Oklahoma 

Texas 

Montana 

I'laho- 

Wyoming , 

Colorado 

Utah 

Washington 

Oregon. 

California 


1927 


1,000 
acres 

161 
12 
21 
14 
15 

270 
57 

220 

116 
53 
64 

289 

260 

328 
75 
68 

113 
60 
84 
49 
43 

130 
52 
72 
29 
17 
52 
39 
33 
12 
29 
41 
45 
35 
36 

115 
17 
96 
22 
79 
52 
52 


Reported  by  Reported  by 


the  town- 
ship list 


s  a 
5f_y 


Bush- 
els 


144 

117 

105 

107 

81 

84 

91 

106 

84 

84 

114 

110 

96 

95 


105 

116 

99 

68 

80 

89 

92 

81 

78 

76 

65 

60 

63 

148 

186 

151 

128 

168 

152 

135 


Bn^sli- 

ek 


108 

154 

113 

102 

105 

82 

83 

91 

102 

83 

85 

105 

112 

100 

97 


123 

117 

87 

91 

78 

90 

92 

72 

72 

77 

45 

65 

69 

151 

214 

144 

145 

171 

166 

125 


the  field - 
aid  list 


.■S  a 

"  a 
< 


Bush- 
els 
173 
146 
161 
102 
100 
92 
140 
117 
105 
96 
87 
83 
91 
104 
84 
81 
112 
116 
102 
90 
117 
106 
110 
88 
74 
69 
89 
87 
62 
80 
65 
68 
62 
56 
135 
218 
142 
136 
157 
165 
116 
124 


ID 

> 

.5? 

'e; 


Bush- 
els 

194 
154 
157 
100 

98 
106 
167 
117 
105 

98 

86 
.81 

91 
100 

84 

83 
101 
119 
107 

96 
122 
115 
112 


70 

92 

88 

65 

77 

61 

61 

59 

69 

136 

211 

142 

167 

154 

198 

116 

153 


s 

o 


Bush- 
els 
232 
150 
155 
100 
109 
106 
161 
120 
105 
95 
84 
80 
92 
101 
82 
83 
102 
115 
106 
110 
122 
152 
113 
102 
105 
77 
91 
88 
75 
78 
68 
65 
65 
66 
135 
212 
137 
150 
135 
170 
120 
153 


1928 


CI 

o 


1,000 
acres 

179 
12 
21 
15 
17 

284 
57 

246 

123 
61 
70 

306 

278 

354 
81 
85 

141 
67 

105 
54 
47 

151 
60 
95 
36 
22 
57 
43 
38 
15 
36 
41 
63 
39 
37 

116 
21 

110 
23 
67 
52 
56 


Reported  by 

the  town 

ship  list 


x;^ 


>  a 

< 


Bush- 
els 


110 


125 
104 
109 
116 
115 
121 
119 
134 
121 
107 
85 
94 
116 


94 

65 

68 

101 

98 

82 

87 

77 

88 

74 

75 

112 

147 

107 

102 

162 

126 

122 


Bush- 
els 


117 


126 
100 
109 
114 
115 
117 
117 
132 
120 
109 
93 
90 
125 


87 

83 

69 

99 

100 

83 

95 

76 

61 

72 

71 

112 

174 

110 

134 

155 

149 

110 


Reported  by 
the  field- 
aid  list 


Bush- 
els 
163 
131 
149 
112 
122 
104 
163 
134 
99 
104 
109 
119 
116 
118 
138 
115 
103 
84 
97 
125 
107 
100 
130 
84 
71 
82 
104 
92 
78 
80 
64 
67 
72 
53 
106 
167 
113 
104 
185 
112 
132 
131 


Bush 
els 
194 
138 
151 
103 
129 
113 
162 
138 

97 
109 
107 
119 
113 
110 
138 
112 
104 

88 

95 
130 
115 

92 
125 

84 


108 

91 

78 

85 

61 

63 

66 

60 

112 

168 

117 

120 

197 

113 

142 

138 


a 


a 

o 


Bush- 
els 
220 
138 
142 
108 
130 
114 
160 
130 
98 
109 
110 
117 
115 
110 
135 
121 
105 
90 
96 
140 
115 
143 
125 
111 
113 
76 
105 
95 
74 
89 
75 
70 
80 
69 
115 
170 
112 
122 
144 
135 
120 
13H 


Crop  reporting  district  or  county  averages  weighted  by  acreage. 


BIAS 


In  some  of  the  strictly  commercial  areas  there  is  definite  evidence  of 
cash-crop  bias.  The  final  estimates  of  yields  per  acre  of  potatoes  in 
Maine  are  p;enera]ly  many  bushels  hip:her  than  the  averages  of  the 
combined  field-aid  and  township  samples.  In  Maine,  the  car-lot 
shipments  of  potatoes  furnish  a  valuable  basis  for  determining:  the 
total  production  of  potatoes  in  that  State.  In  Virginia,  the  official 
estimates  of  yield  per  acre  run  much  liigher  than  do  the  sample 
averages.  A  large  i)art  of  the  potatoes  of  Virginia  are  grown  in  con- 
centrated commcrcinl  districts  on  each  side  of  Chesapeake  Bay,  and 
car-lot  shipments  supply  a  check  on  production  estimates.     There 
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seems  to  be  less  evidence  of  cash-crop  bias  in  reports  from  the  far 
Western  States  or  from  the  Central  States  of  Michigan,  Wisconsin, 
and  Minnesota. 


PRECISION    OF    SAMPLE    AVERAGES 

The  weighted  averages  from  the  two  samples,  township  and  field- 
aid,  checked  within  10  bushels  in  practically  all  States  east  of  the 
Rocky  Mountains.  As  might  be  expected,  some  rather  wide  differ- 
ences were  shown  in  the  far  Western  States.  Table  22  presents  a 
comparison  of  (1)  the  size  of  yield-per-acre  sample,  (2)  the  average 
yield,  (3)  dispersion,  (4)  variation,  and  (5)  probable  error  of  the 
average  yield  obtained  for  several  States.  The  coefficient  of  variation 
for  potato  yields  was  higher  than  for  the  yield  samples  of  most  other 
crops.  In  very  few  cases  did  the  sample  have  a  dispersion  of  less  than 
40  per  cent,  and  frequently  the  dispersion  reached  50  and  60  per  cent, 
and  in  the  State  of  Washington  in  1924  the  coefficient  of  variation  was 
81  per  cent.  The  probable  error  in  the  important  potato  States  was 
not  far  from  1  bushel,  while  in  the  far  Western  States  Idaho  and 
Washington,  it  was  from  6  to  8  bushels.  The  relative  probable  error 
is  a  more  satisfactory  basis  for  comparison  because  of  the  wide  differ- 
ence in  yields  as  between  States.  The  relative  probable  error  of 
samples  of  potato  yield  was  not  far  from  1  per  cent  in  New  York, 
Michigan,  and  Minnesota,  whereas  in  North  Dakota  the  relative 
probable  error  was  slightly  more  than  2  per  cent  and  reached  as  much 
as  6  per  cent  in  Washington  in  1924. 

Table  22. — Potatoes:   Yields  per  acre.     Selected  illustrations  of  size  of  sample, 
measures  of  dispersion,  and  probable  error 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

New  York: 

1927 

Number 
1,824 
1,086 

Bushels 

101. 50 

79.00 

Bushels 
54.40 
41.60 

Per  cent 
53.6 
52.7 

Bushels 

.86 
.85 

Per  cent 
0.8 

19251 

1.1 

2            

70 

30 

265 

231 

113 

147 

120 

81 

29 

70.70 
71.00 
73.50 
74.00 
59.10 
87.80 
80.80 
92.80 
184. 10 

38.00 
38.20 
34.60 
45. 10 
29.10 
37.40 
30.  60 
47.30 
46.70 

53.7 
53.8 
47.1 
60.9 
49.2 
42.6 
37.9 
51.0 
25.4 

3.06 
4.70 
1.43 
2.00 

1.85 
2.08 
1.88 
3.54 
5.84 

4.3 

3 

6.6 

4                           

L9 

5           

2.7 

6                              

3.1 

7  .  .          

2.4 

8 

2.3 

9                 

3.8 

9a    

3.2 

1924 

745 
211 

138. 10 
155.  59 

55.50 
59.30 

40.2 

38.1 

1.37 
2.75 

1.0 

New  Jersey: 

1928            .        

1.8 

2                         

47 
81 
83 

107.  45 
175. 43 
163.49 

52.70 
57.10 
49.30 

49.0 
32.5 
30.2 

5.18 
4.28 
3.65 

4.8 

5                 

2.4 

8                            ..  

2.2 

1926    

179 

144. 59 

61.40 

42.5 

3.10 

2.1 

2                 

62 
64 
63 

826 
404 
342 
361 

111 
144 

135. 00 
154.  37 
142.54 

125.00 
117.00 
108.00 
121.00 

128.  28 
90.84 

59.60 
60.70 
62.20 

57.08 
50.83 
42.85 
44.20 

67.60 
29.90 

44.1 
39.3 
43.6 

45.7 
43.4 
39.7 
36.5 

52.7 
23.0 

5.58 
5.12 
5.28 

1.34 
1.71 
1.56 
1.67 

4.33 
1.17 

4.1 

5 

3.3 

8      .  .              

3.7 

Pennsylvania: 

1927  I                          

1.1 

1927                     

L5 

1926 

1.4 

1925 

L3 

Montana: 

1927                     

3.4 

1926L —  - ---- - 

1.3 

'  Return  from  a  special  list  of  crop  correspondents. 
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Table  22. — Potatoes:   Yields   per  acre.     Selected  illustrations  of  size  of  sample, 
measures  of  dispersion,  and  probable  error — Continued 


State,  year,  and  district 

Reports 

Average 
vield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

Idaho: 

1927  -- 

Number 
94 

Bushels 
222. 90 

Bushels 
82.10 

Per  cent 
36.8 

Bushels 
5.71 

Per  cent 
2.6 

6 - 

27 
40 

209.10 
299.10 

55. 90 
74.90 

26.7 
2.5.0 

7.25 
7.99 

3.5 

8             

2.7 

192f)                   

72 
89 

205.  50 
201.  70 

78.85 
85.60 

38.4 
42.4 

6.26 
6.12 

3.0 

1925        -  — - 

3.0 

6 

28 
22 

135 

103 

78 

83 

714 

221.40 
268. 20 

178.00 
145.00 
136.00 
132.00 

81.15 

70.65 
94.80 

111.65 
93.  35 
96. 15 

106. 60 

39.93 

31.9 
35.3 

62.7 
64.4 
70.7 
80.8 

49.2 

9.01 
13.63 

6.48 
6.20 
7.34 
7.89 

1.01 

4.1 

8      —  - 

5.1 

Washington: 

1927        

3.6 

1926 - 

4.3 

1925            

5.4 

1924 

6.0 

Iowa: 

1927  » 

1.2 

1      

103 
85 
63 
83 

137 
60 
79 
48 
56 

99.80 
91.30 
68.60 
79.  50 
85.11 
75.  66 
66.  58 
72.  50 
72.14 

39.17 
35.97 
36.29 
36.34 
44.89 
35.04 
35.25 
36. 88 
38.11 

39.2 
39.4 
52.9 
45.7 
52.7 
46.3 
52.9 
50.9 
52.8 

2.60 
2.63 
3.08 
2.69 
2.59 
3.05 
2.67 
3.59 
3.44 

2.6 

2                          _.. 

2.9 

3        

4.5 

4 

3.4 

5               

3.0 

6 - 

4.0 

4.0 

8 

5.0 

9 

4.8 

630 
664 

483 

76.10 
56.08 

111.00 

35.80 
31.01 

45.75 

47.0 
55.3 

41.2 

.96 
.81 

1.40 

1.3 

1925                   -- 

1.4 

North  Dakota: 

1927 

1.3 

1 

86 
48 
94 
47 
23 
37 
46 
49 
53 

123.00 

125. 00 

92.00 

119.00 

98.00 

98.00 

120.00 

114.00 

116.00 

49.  25 
45.00 
32.  .50 

50.  75 
40.  25 
26.00 
55.  75 
51. 25 
38.75 

40.0 
36.0 
35.3 
42.6 
41.1 
26.5 
46.5 
45.0 
33.4 

3.58 
4.38 
2.26 
4.99 
5.66 
2.88 
5.55 
4.94 
3.59 

2.9 

3.5 

3        

2.5 

4 

4.2 

6            

5.8 

6 

2.9 

7 

4.6 

8    -- 

4.3 

g                   

3.1 

1926 

261 
186 
184 

209 
153 
199 
220 

658 
546 
436 

188 
207 

662 
634 

654 

7,5.00 
82.50 
76.80 

107.00 
77.00 
89.00 
67.00 

104.17 

96.61 

136. 87 

87.00 
85.00 

82.70 
122.30 
107.00 

42.25 
38.50 
38.50 

48.20 
39.90 
46.40 
35.90 

40.49 
42.90 
62.03 

41.10 
43.00 

35.  36 
47.54 
41.67 

56.3 
46.7 
50.1 

45.0 
51.8 
52.1 
53.6 

38.9 
44.4 
38.0 

47.2 
60.6 

42.8 
38.9 
38.9 

1.76 
1.90 
1.92 

2.25 
2.18 
2.22 
1.63 

1.16 
1.24 
1.68 

2.02 
2.02 

1.01 
1.27 
1.19 

2.3 

1923                 

2.3 

1920          

2.5 

1927          

2.1 

2.8 

1924              

2.5 

1921         

2.4 

Minnesota: 

1.1 

1926 

1.3 

1924 

1.2 

Illinois: 

2.3 

1926 

2.4 

MichiKan: 

1927 

1.2 

1926 

1.0 

1925      

1.1 

*  As  reported  in  November. 
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STRATIFICAIION 


Only  about  one-half  of  the  districts  in  the  three  States  for  which 
district  data  are  available — New  York,  North  Dakota,  and  Iowa — 
showed  smaller  standard  deviations  than  the  State  as  a  whole.  A 
separation  of  commercial  districts  from  noncommercial  districts 
would  be  the  most  important  step  toward  the  stratification  of  a  State 
into  more  homogeneous  districts,  as  commercial  districts  usually 
have  higher  yields  per  acre  than  do  noncommercial  districts.  To 
arrange  special  districts  for  potatoes  would  undoubtedly  materially 
improve  the  homogeneity  of  the  districts,  render  the  sample  more 
representative,  and  increase  the  precision  of  the  weighted  average  for 
the  States. 

SWEETPOTATOES 

Sweetpotatoes  are  primarily  a  southern  crop,  for  in  only  tliree 
northern  States — New  Jersey,  Illinois,  and  Missom-i — are  10,000  acres 
or  more  grown.  In  only  a  few  scattered  cases  (Table  23)  did  the 
straight  average  of  the  samples  differ  from  the  weighted  average  by 
more  than  10  bushels,  and  seldom  did  the  weighted  average  from  the 
separate  samples  show  a  difference  of  more  than  10  or  15  bushels. 
Throughout  the  South  sweetpotatoes  are  grown  primarily  for  home 
use,  although  there  are  important  commercial  districts  in  such  States 
as  New  Jersey,  Virginia,  and  Maryland.  Generally  speaking,  how- 
ever, sweetpotato  acreage  is  fully  as  well  distributed  in  the  Southern 
States  as  is  the  potato  acreage  in  the  Northern  States. 

Table  23. — Sweetpotatoes:  Averages  of  yields  per  acre  computed  from  reports  of 
crop  correspondents,  and  the  official  estimate,  by  States,  1927  and  1928 


1927 

1928 

S 

1 

Reported  by 
the  town- 
ship list 

Reported  by 
the  field- 
aid  list 

a 

- 

'0 

e 

0 

1 

Reported  by 
the  town- 
ship list 

Reported  by 
the  field- 
aid  list 

State 

X  a 
a>  Of 

1 

«  a 
V  Si 

^a 

i 

> 

03 

x;  a 
'S 

5a 

ra 

> 

03 

IB  a; 
+j  bo 

.a  03 

.£? 
'S 

u   03 

-J 

to  0 

03 

'S 
pi 

•t-3 

! 

■3 

a 
0 

New  Jersey 

1,000 
acres 
15 
10 
12 
11 
43 
89 
53 
132 
29 
16 
48 
78 
69 
38 
99 
23 
133 
12 

Bush- 
els 
126 
112 
110 

Bush- 
els 
128 
97 
109 

Bush- 
els 
128 
110 
114 
132 
116 
116 
100 
75 
95 
87 
97 
94 
110 
114 
90 
108 
88 
121 

Bush- 
els 
126 
107 

"144' 

138 

118 

102 

76 

92 

85 

97 

100 

112 

115 

102 

106 

96 

99 

Bush- 
els 
126 
103 
112 
144 
135 
114 
100 
80 
92 
93 
98 
98 
112 
116 
98 
106 
90 
90 

1,000 
acres 
15 
10 
11 
10 
44 
80 
49 
119 
28 
14 
41 
70 
55 
28 
74 
20 
109 
12 

Bush- 
els 

Bush- 
els 

Bush- 
els 
130 
111 
100 
144 
99 
96 
83 
89 
94 
89 
92 
100 
103 
84 
93 
90 
71 
129 

Bush- 
els 
138 
97 

"152' 

112 

93 

83 

86 

88 

89 

88 

100 

107 

83 

90 

89 

73 

96 

Bush- 
els 
145 

Illinois 

101 
112 

101 
110 

98 

Missouri 

105 

Maryland  .  

150 

Virginia 

115 
123 

96 
81 

134 
114 

98 
86 

144 

North  Carolina 

104 

89 
85 

101 
92 
86 

98 

South  Carolina 

86 

Georgia 

86 

Florida                  

88 

Eentuckv             -     - 

99 
103 

93 
111 
116 
101 
116 

94 

99 
104 

94 
115 
117 

98 
109 
102 

87 
105 
109 
110 
104 
104 
89 
84 

88 

103 

111 

118 

100 

91 

90 

89 

89 

Tennessee          --      

95 

Alabama               

93 

Mississippi        

110 

Arkansas 

90 

Louisiana..    _  

90 

Oklahoma               .  .    

89 

Texas 

76 

96 

1  Crop-reporting  district  or  county  averages  weighted  by  acreage. 
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Table  24  presents  for  comparison  (1)  the  size  of  sweetpotato 
yield-per-acre  sample,  (2)  the  average  yield,  (3)  dispersion,  (4)  vari- 
ation, and  (5)  probable  error  of  the  average  yield  obtained  for  the 
sweetpotato  sample  for  Georgia  for  four  years.  The  coefficient  of 
variation  was  high,  ranging  from  49  to  89  per  cent.  The  relative 
probable  error  varied  from  1.4  to  2.3  per  cent.  Georgia  is  probably  a 
typical  Southern  State  so  far  as  sweetpotato  production  is  concerned. 

Table  24. — Sweet-potatoes:  Yields  per  acre.     Selected  illustrations  of  size  of 
sample,  measures  of  dispersion,  and  probable  error 


State,  and  year 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

Georgia: 

1927' - 

Number 
538 
378 
652 
569 

Bushels 
74.4 
85.2 
41.1 
68.6 

Bushels 
36.1 
44.4 
36.4 
34.1 

Per  cent 

48.5 
51.8 
88.6 
49.7 

Bushels 

1.05 

1.53 

.96 

.96 

Per  cent 
1  4 

1926 

1.8 

1925 

2.3 

1924 

1.4 

>  As  reported  in  November. 

TAME 

HAY 

REPRESENTATIVENESS 

Tame  hay  of  some  kind  is  grown  in  every  State;  even  Rhode  Island 
has  over  40,000  acres  in  tame  hay  and  Delaware  about  80,000  acres. 
Tal)lo  25  shows  a  comparison  of  the  averages  from  the  two  sources  of 
samj)le  data — yields  of  tame  hay,  and  illustrates  the  small  differences 
that  exist  between  straight  and  weighted  averages  for  a  crop  grown 
so  uniformly  over  a  State. 

Table  25. — All  tame  hay:  Averages  of  yields  per  acre  computed  from  reports  of 
crop  correspondents,  and  the  official  estimates,  by  States,  1927  and  192S 


1927 

1928 

State 

Reported  by 
tlie  town- 
ship list 

Reported 
by  the  field- 
aid  list 

S 

i 

"a 
'3 

e 
o 

i 

Reported  by 
the  town- 
ship list 

Reported 
by  the  field- 
aid  list 

^  a 

i- 

a 

'S 

^9 

> 

■V  <o 

tea) 
'S 

ra 

> 

P 
o 

feg 

»a 

> 

a 

^3  aj 

OJ  60 

'S 

a 

73 

•s 

Q 
o 

Maine 

1,000 

acres 

1,247 

463 

922 

466 

44 

359 

4,850 

257 

3, 075 

3,139 

2,027 

3,  5.V) 

Tons 

Tons 

Tons 
1.18 
1.39 
1.  55 
1.58 
1.50 
1.49 
1.51 
1.01 
1.66 
1.56 
1.50 
1.50 
1.40 
1.90 
1.77 

Tons 
1.  17 

1.3S 
1..56 
1.  59 
1.47 
L.W 
1.51 
1.  66 
1.07 
1.58 

1.  m 

1.  46 
1.47 
1.91 
1.76 

Tons 
1.22 
1.27 
1.53 
1.45 
1.34 
1.46 
1.51 
1.79 
1.  65 
1.64 
1.47 
1.  49 
1..^0 
2.03 
2.07 

1,000 

acres 

1,235 

459 

914 

400 

43 

354 

4,  ,597 

247 

2,924 

2,780 

1,844 

3,004 

2, 832 

3,270 

2,365 

Tons 

Tons 

Tons 
1.31 
1.48 
1.07 
1.01 
1.81 
1.86 
1.45 
1.57 
1.69 
1.  25 
1.  29 
1.21 
1.  35 
1.00 
1.57 

Ton* 
1..34 
1.48 
1.09 
1.02 
1.78 
1.90 
1.40 
1.60 
1.59 
1.20 
1 .  2.S 
1.20 
1.  37 
1.07 
1.63 

Ton* 

1  28 

New  Hampshire 

V'crriioiit     

1.41 
1  02 

Mii.s,s(icluisctt3 

1..50 

Rhode  Island 

1.56 

Connecticut 

1  61 

New  York 

1.55 
1.73 
1.6H 
1.57 
1.43 
1.50 
1.44 
1.87 
1.80 

1.55 
1.72 
1.54 
1.6S) 
1.44 
1.46 
1.44 
1.87 
1.83 

1.46 

1.45 

1  40 

Now  Jersey 

1.8S 

Pennsylvania 

Ohio 

1.68 
1.27 
1.28 
1.2;5 
1.33 
1.48 
1.66 

1.54 
1.27 
1.28 
1.20 
1.34 
1.40 
1.  52 

1.59 
1   33 

Indiana 

1  37 

Illinois  

1  32 

IVlichl(cnn 

3,  mr, 

3,444 
2,454 

1.51 

VVI.sconsln 

Mlnne.sula 

1.53 
1.79 

'  Tfop  reporting  district  or  county  averages  weighted  by  acreage. 
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Table  25. — All  tame  hay:  Averages  of  yields  per  acre  computed  from  reports  of 
crop  correspondents,  arid  the  official  estimate,  by  States,  1927  and  1928 — Con. 


State 


Iowa - 

Missouri 

North  Dakota- 
South  Dakota.. 

Nebraska _ 

Kansas 

Delaware 

Maryland 

Virginia 

West  Virginia.. 
North  Carolina 
South  Carolina. 

Georgia 

Florida 

Kentucky 

Tennessee 

Alabama 

Mississippi 

Arkansas 

Louisiana 

Oklahoma 

Texas 

Montana 

Idaho 

Wyoming 

Colorado 

New  Mexico... 

Arizona 

Utah 

Nevada 

Washington 

Oregon 

California 


1927 


9 


1,000 

acres 

3, 135 

3,553 

1,040 

1,105 

1,727 

1,678 

80 

443 

1,077 

831 

806 

441 

803 

95 

1,318 

1,352 

615 

491 

643 

278 

566 

629 

1,274 

1,014 

685 

1,225 

196 

192 

567 

208 

932 

898 

1,649 


Reported  by 
the  town- 
ship list 


id 


Tons 
1.43 
1.33 
1.66 
1.66 
1.68 
1.87 
1.90 


1.77 
2.61 
1.65 
1.81 
1.48 
3.25 
2.73 
2.19 
2.36 
2.35 


1-1  ® 

s<  bo 


Tons 
1.42 
1.31 
1.64 
1.  65 
1.68 
1.87 
1.67 


1.62 

1.59 

1.51 

1.52 

.93 

.72 

.78 

1.41 

1.39 

1.34 

1.33 

1.35 

.82 

1.06 

2  2,067 

1.03 

1.27 

1.  35 

1.22 



1.83 
2.81 
1.62 
1.83 
1.47 
3.32 
2.77 
2.38 
2.  55 
2.47 


Reported 
by  the  field- 
aid  list 


a  a 

133  .", 


Tons 

1.44 

1.31 

1.60 

1.65 

1.  79 

1.99 

1.75 

1.60 

1.44 

1.51 

.94 

.70 

.82 

.71 

1.37 

1.27 

2  1,490 

I.  10 

1.04 

.94 

1.26 

1.15 

1.84 

2.89 

1.75 


03 
T3    «> 


Tons 
1.43 
1.30 
1.01 
1.68 
1.80 
1.99 
1.73 
1.58 
1.43 
1.49 


.83 
.72 
1.37 
1.22 
2 1,  500 
1.20 
1.06 
1.49 
1.21 
1.20 

1.  S3 
3.24 
2.00 
1.89 
2.09 
4.  10 
2.80 
2.29 
2,33 

2.  U 


a 
I 

e 

o 


Tons 
1.66 
1.46 
1.87 
2.06 
2.40 
2,53 
1.78 
1.65 
1.37 
1.52 
.94 
.80 
.70 
.67 
1.42 
1.30 
.84 
1.21 
1.14 
1.28 
1.59 
1.19 
2.12 
3.  U 
1.78 
2.  17 


3.13 


1928 


to 

03 
<1> 

<1 


1,000 

acres 

2,835 

3,299 

1,063 

1,086 

1,  5.50 

1.496 

81 

430 

1,063 

814 

752 

434 

792 

88 

1,  253 

1,310 

615 

451 

625 

297 

576 

637 

1,294 

1,047 

681 

1,207 

186 

185 

570 

208 

906 

905 

1,654 


Reported  by 
the  town- 
ship list 


u-  o3 

(0  a 


be 


a 


03-3 

>  a 


Tons 
1.32 
1.17 
1.51 
1.22 
1.43 
1.75 


1.44 

1.57 

2 1 , 958 

2 1,  363 

2 1,  674 


1.35 

1.37 

2 1, 609 

2  2,135 

2  2, 106 

2,062 

2  2,  612 

2  2,  356 

1.  55 

2.40 

1.44 

1.75 

1.82 

3.03 

2.49 

2.31 

2.07 

2.15 


Tons 
1.31 
1.09 
1.45 
1.16 
1.40 
1.77 


1.44 
1.56 


1.30 
1.37 


1.62 
2.65 
1,45 
1,74 
1.76 
3.69 
2.49 
2.44 
2.09 
2.13 


Reported 
by  the  field- 
aid  list 


<-  C3 
C3   oi 

03  ,-. 
^  *^ 

"  a 


Tons 

1.38 

1.12 

1.49 

1.10 

1.41 

1.90 

1.51 

1.58 

1.35 

1.49 

2 1,  896 

2  1,430 

.62 

2 1,  425 

1.21 

1,34 

2 1,  558 

1.05 

2  2,331 

2  2,  554 

2  2,  193 

2,390 

1.64 

2.65 

1.56 

1.90 

1.83 

3.  30 

2.00 

3.00 

2.  16 

2.02 


Tons 
1.35 
1.07 
1.47 
1.08 
1.36 
1.90 


1.57 
1.36 
1.47 


2 1,  245 

.62 

2 1,  424 

1.21 

1,40 

1,600 

1.10 

2  2,  467 

23,  180 

2  2,  285 

2  2, 400 

1.65 

2.68 

1.59 

1.96 

1.94 

3.50 

2.40 

3.00 

2.17 

1.96 


03 

s 


.2 
'3 

Q 
o 


Tons 
1.51 
1.27 
1.87 
1.52 
2.16 
2.37 
1.70 
1.75 
1.37 
1.45 
.98 
.87 
.64 
.73 
1.31 
1.36 
.77 
1.25 
1.09 
1.43 
1.46 
1.15 
1.98 
2.53 
1.80 
2.07 
2.19 
3.77 
2.46 
2.60 
2.36 
2.26 
3.09 


'  Pounds  per  acre. 


BIAS 


There  is  no  particular  reason  to  expect  a  cash-crop  bias  in  the  case 
of  a  crop  like  tame  hay  that  is  largely  fed.  But  there  is  considerable 
shrinkage  in  hay;  as  a  result,  the  quantity  used  or  sold  is  never  equal 
in  tons  to  the  quantity  harvested.  Shrinkage  and  wastage  due  to 
field  stacking  are  undoubtedly  more  serious  with  hay  than  with 
grain  crops. 

PREVKNTABLE  ERRORS 

The  final  estimate  of  the  yield  per  acre  of  all  tame  hay  was  in  many 
cases  somewhat  different  from  the  indication  shown  by  the  sample. 
This  difference  is  due  to  the  fact  that  the  department's  definition  of 
what  constitutes  tame  hay  differs  in  many  cases  from  the  definition 
that  the  farmer  has  in  mind.  Consequently  the  estimates  of  the 
yield  of  tame  hay  are  derived  figures  obtained  by  first  building  up 
the  esthnates  of  the  yield  of  hay  by  varieties  and  then  dividing  the 
total  production  by  the  total  acreage.  Wlien  an  Iowa  farmer  is 
asked  to  report  on  the  average  yield  of  all  tame  hay  in  his  locality 
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he  seldom  includes  the  high-yielding  alfalfa  or  sweetclover  hay, 
Sudan  grass,  millet,  or  other  special  hay  crops  in  his  estimate  of  the 
average  yield  for  all  tame  hay. 

PRECISION    OF   THE    SAMPLE    AVERAGES 

The  difTerence  between  the  weighted  averages  from  the  two  samples 
seldom  exceeded  one-tenth  of  a  ton  except  in  some  of  the  far  Western 
States.  The  yield  samples  for  several  varieties  of  tame  hay,  such  as 
timothy  and  alfalfa,  show  practically  the  same  degree  of  stabihty  as 
was  shown  for  all  tame  hay  in  Table  25. 

Table  26  presents  for  comparison  (1)  the  size  of  tame-hay  yield- 
per-acre  sample,  (2)  the  average  yield,  (3)  dispersion,  (4)  variation, 
and  (5)  probable  error  of  the  average  yield  obtained  for  several  States. 
Few  yield-per-acre  samples  of  tame  hay  had  a  coefficient  of  variation 
much  below  30  per  cent  or  above  40  or  50  per  cent.  The  relative 
probable  errors  for  most  of  the  State  samples  analyzed  fall  between 
1  and  2  per  cent,  with  a  few  less  than  1  per  cent. 

Table  26. —  Tame  hay  and  alfalfa:   Yields  per  acre.     Selected  illustrations  of  size 
of  sample,  measures  of  dispersion,  and  probable  error 

TAME  HAY 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

New  York: 

19271 

Number 
441 

Tons 

1.51 

Tons 
0.45 

Per  cent 
29.8 

Tons 
0.01 

Per  cent 
0.7 

2...- ..- 

57 

25 

370 

187 

45 

152 

79 

81 

1.53 
1.57 
1.55 
1.63 
1.31 
1.48 
1.33 
1.48 

.47 
.54 
.41 
.55 
.38 
.48 
.37 
.50 

30.7 
34.4 
26.5 
33.7 
29.0 
32.4 
27.8 
33.8 

.04 
.07 
.01 
.03 
.04 
.03 
.03 
.04 

2.6 

3 

4.5 

4        -     . 

.6 

6 

1.8 

6 

3.  1 

7 

2.0 

8 

2.8 

9.. 

2.7 

1925. 

308 

1.36 

.40 

29.4 

.02 

1.5 

niinois: 

1928 - 

364 

1.27 

.44 

34.6 

.02 

1.6 

1 

50 
41 
42 
47 
52 
37 
41 
27 
27 

1.27 
1.37 
1.21 
1.32 
1.33 
1.25 
1.10 
1.34 
1.19 

.43 
.46 
.39 
.41 
.45 
.59 
.34 
.34 
.33 

33.9 
■,\A.  6 
32.2 
31.1 
33.8 
47.2 
30.9 
25.4 
27.7 

.04 
.05 
.04 
.04 
.04 
.07 
.04 
.04 
.04 

3.1 

3 

3.6 

4 

3.3 

4a 

3.0 

6 

3.0 

6 

5.6 

6a 

3.6 

7 

3.0 

9 

3.4 

North  Dakota: 

1927 

282 

1.60 

.57 

35.6 

.02 

1.2 

1 

53 
28 
63 
19 
22 
21 
26 
21 
29 

1.60 
1.48 
1.63 
1.39 
1.55 
1.76 
1.63 
J. 81 
1.86 

.05 
.48 
.50 
.48 
.  62 
.57 
..lO 
.5,'-. 
.74 

40.6 
32.4 
32.6 
34.5 
40.0 
32.4 
30.7 
30.4 
39.8 

.06 
.06 
.04 
.07 
.09 
.08 
.07 
.08 
.09 

3.8 

2 

4.1 

3 

2.6 

4 

5.0 

6 

5.8 

6 

4.6 

7 

4.3 

8 

4.4 

9 

4.8 

1926 

212 

.93 

.48 

51.6 

.02 

2.2 

Virginia: 

J927         

270 

257 

1.47 
1.12 
1.51 

1.06 

.48 
.47 
.48 
.47 

32.7 
42.0 
31.8 
44.3 

.02 
.02 
.02 
.02 

1.4 

)!t2f.           

1.8 

J924 

1.3 

1921 

1.9 

I  Town.ship  and  fleld-ald  reports  combined. 
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Table  26. —  Tame  hay  and  alfalfa:   Yields  per  acre.     Selected  illustrations  of  size 
of  sample,  measures  of  dispersion,  and  probable  error — Continued 

TAME  HAY— Continued 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 
probable 
error 

Missouri: 

1927 

Number 
541 
391 

Tms 
1.32 
1.05 

Tons 
0.45 
.40 

Per  cent 
34.1 
38.1 

Tons 
0.01 
.01 

Per  cent 
0.8 

1926                                   -     

1.0 

Pennsylvania: 

1927                           .-     

362 
338 
384 

1.62 
1.27 
1.31 

.44 
.42 
.41 

27.2 
33.1 
31.3 

.02 

.02 

'     .01 

1.2 

1926                                               

1.6 

1925                           -  

.8 

Ohio:  1928                           

436 

1.27 

.42 

33.1 

.01 

.8 

Michigan: 

1927                              

607 
477 
479 

1.47 

.91 

1.19 

.43 
.46 
.38 

29.3 
50.5 
31.9 

.01 
.01 
.01 

.7 

1925                  

1.1 

1923                                   -        

.8 

Minnesota: 

1927                                     

459 
460 
507 

1.80 
1.15 
1.65 

.52 
.57 
.68 

28.9 
49.6 
41.2 

.02 

.02 
.02 

1.1 

1926             --  

1.7 

1924                                              

1.2 

ALFALFA 


California: 

1927  2 

277 

4.77 

1.67 

35.0 

0.07 

1.5 

4                                                 

34 

56 

101 

47 

4.44 
5.29 
5.08 
5.28 

L52 
1.62 
1.58 
1.82 

34.2 
30.6 
31.1 
34.5 

.18 
.15 
.11 
.18 

4.1 

5 

2.8 

5a         

2.2 

8                              

3.4 

1926  ..     

283 
190 

4.68 
4.48 

2.00 
2.03 

42.7 
45.3 

.08 
.10 

1.7 

1925                            ....  

2.2 

Nebraska: 

19282               

267 
320 
340 

257 
274 
380 

2.10 
2.48 
1.84 
2.11 
2.22 
2.59 

.  77 
.78 
.85 
.81 
.93 
.71 

36.7 
31.5 
46.2 
38.3 
41.9 
27.4 

.03 
.03 
.03 
.03 
.04 
.02 

1.4 

1927      

1.2 

1926                                              ...... 

1.6 

1925              

1.4 

1924      

1.8 

1923                            - 

0.8 

2  As  reported  in  October. 


STRATIFICATION 


In  none  of  the  three  States  shown  by  districts  in  Table  26  were  the 
standard  deviations  of  districts  materially  smaller  than  that  of  the 
entire  sample.  It  is  doubtful  if  a  more  refined  method  of  geographic 
stratification  would  materially  help  the  precision  of  tame-hay  averages 
except  perhaps  in  some  of  the  far  Western  States.  Stratification  by 
varities,  however,  has  greatly  improved  the  representativeness  and, 
consequently,  the  accuracy  of  the  yield  samples. 
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FLAXSEED 

Flaxseed  is  an  important  crop  in  North  Dakota,  South  Dakota,  and 
Minnesota,  but  it  is  of  verj^  minor  importance  in  the  few  other  States 
in  which  it  is  grown.  Table  27  shows  that  in  no  case  did  the  straight 
and  weighted  averages  of  jneld-per-acre  reports  of  flaxseed  differ  by 
more  than  1  bushel,  and  the  weighted  averages  of  the  township  and 
field-aid  samples  were  within  1  bushel  or  less  of  each  other  in  all 
cases.  Records  of  car-lot  shipments  of  flaxseed  are  available  in  North 
Dakota,  South  Dakota,  Minnesota,  and  Montana  as  a  check  on  the 
production  of  flaxseed.  There  is  apparently  little  evidence  of  cash- 
crop  bias  in  flaxseed  yield  samples. 

Table  27.- — Flaxseed:  Averages  of  yields  per  acre  computed  from  reports  of  crop 
correspondents,  and  the  official  estimate,  by  States,  1927  and  1928 


1927 

1928 

Reported  by 

Reported 

Reported  by 

Reported 

the  town- 

by the  field- 

the  town- 

by the  field- 

ship  list 

aid  list 

ship  list 

aid  list 

State 

A 

t> 

J=^ 

^ 

03 

■c^ 

li- 

■^ -. 

t> 

■t:  a 

C3 

.t;  a 

s 

a 

.n  a 

es 

.t:  a 

03 

B 

i-  cd 

C3  S 

CS  S 

-.-» 

03  3 

*f 

■^^B 

<v  tuD 

■^a 

Oi 

^a 

<li   tJO 

^a 

C/    !i£l 

Qj 

03 

S-w 

:S2 

Sf.H 

£2 

03 

g 

Sf<^ 

£2 

S" 

A  l-i 

a 

^  *? 

tJiO 

Sif 

5X  O 

E  w 

MO 

2  s 

Ul  OJ 

< 

^9 

<3 

<0 

is 

o 

>  H 

O 

o 

1,000 

Bush- 

Bush- 

Bush- 

Bush- 

Bush- 

1,000 

Bush- 

Bush- 

Bush- 

Bush- 

Bush- 

acres 

els 

els 

els 

els 

els 

acres 

els 

els 

els 

els 

els 

Minnesota 

757 

19 

1,242 

594 
31 

170 

9.7 
11. G 
8.8 
9.7 
5.7 
10.0 

9.5 
11.8 
8.4 
9.7 
5.5 
10.1 

10.0 

11.6 

8.5 

9.9 

6.2 

10.1 

9.5 
12.0 

8.0 
10.  I 

6.5 

9.8 

9.7 
12.0 

8.2 
10.0 

5.5 
10.2 

643 

19 

1,143 

588 
25 

196 

8.2 
10.4 
7.3 
5.8 
6.6 
8.7 

7.7 
10.6 
7.2 
5.4 
6.7 
8.7 

7.8 
10.2 
7.1 
6.2 
7.2 
8.6 

7.4 
10.2 
7.  1 
6.0 
7.2 
8.1 

7.6 

Iowa -.  

10.4 

North  Dakota 

7.  1 

South  Dakota 

5.8 

Kansas.. 

6.9 

Montana 

8.5 

'  Crop-reporting  district  or  county  averages  weighted  by  acreage. 

Table  28  presents  for  comparison  (1)  the  size  of  flaxseed  yield-per- 
acre  sample,  (2)  the  average  yield,  (3)  dispersion,  (4)  variation,  and 
(5)  probable  error  of  the  average  yield,  obtained  for  several  States. 
The  coefhcient  of  variation  showed  a  range  from  as  low  as  28  per  cent 
in  Minnesota  in  1924,  when  the  yield  was  about  11  bushels  per  acre, 
to  G3  per  cent  in  Montana  in  1926,  when  the  average  yield  per  acre 
was  only  5  bushels.  Relative  probable  error  varied  from  1.1  per 
cent  to  as  high  as  5.5  per  cent.  On  the  whole,  stratification  of  the 
sample  by  crop-reporting  districts  seemed  materially  to  improve  the 
precision  of  the  average  for  the  State,  as  the  district  standard  devia- 
tions in  North  Dakota  were  generally  smaller  than  for  the  State  as  a 
whole. 
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Table    28. — Flaxseed:   Yield  per  acre.     Selected  illustrations  of  size  of  sample, 
measures  of  dispersion,  and  probable  error 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
yields 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

Minnesota: 

1927               -- 

Number 
40) 
423 
299 

Bushels 

9.97 

9.32 

11.38 

Bushels 
3.70 
3.07 
3.17 

Per  cent 
37.1 
32.9 
27.9 

Bushels 

0.12 

.10 

.12 

Per  cent 
1.2 

1926         

1.1 

1924                  -- 

1.1 

Montana: 

1927 

63 

10.06 

2.53 

25.  1 

.21 

2.1 

3                                 

19 
21 

9.74 
9.00 

1.14 
3.11 

11.7 
34.6 

.18 
.46 

1.8 

6               

5.1 

1926      

61 

5.13 

3.23 

63.0 

.28 

5.5 

3        

31 
17 

6.10 
3.24 

3.56 
1.36 

58.4 
42.0 

.43 
.22 

7.0 

6                          

6.8 

North  Dakota: 

1927                              

493 

9.09 

3.21 

35.3 

.10 

1.1 

1          

83 
44 
94 
52 
26 
42 
46 
48 
58 

9.5 

9.3 

5.9 

10.0 

7.5 

6.9 

10.4 

11.1 

8.1 

2.71 
2.86 
2.69 
2.50 
2.24 
2.28 
2.69 
3.06 
2.79 

28.5 
30.7 
45.6 
25.0 
29.9 
33.0 
25.8 
27.6 
34.4 

.20 
.29 
.19 
.23 
.30 
.24 
.27 
.30 
.25 

2.1 

2                                     

3.1 

3            

3.2 

4        

2.0 

5                     .                 

4.0 

6              

3.5 

2.6 

8                   ..            

2.7 

3.0 

277 

5.68 

3.30 

58.1 

.13 

2.3 

1        

45 
24 
49 
28 
26 
33 
24 
20 
28 

5.2 
5.3 
7.6 
2.9 
5.4 
6.5 
3.7 
2.1 
4.3 

2.40 
2.76 
2.82 
1.56 
1.86 
2.74 
1.50 
1.02 
2.00 

46.2 
52.1 
37.1 
53.8 
34.4 
42.2 
40.5 
48.6 
46.5 

.24 
.38 
.27 
.20 
.25 
.32 
.21 
.15 
.26 

4.6 

2 

3             .     _        

7.2 
3.6 

4     

6.9 

4.6 

6                 - 

4.9 

7      

5.7 

8                                                

7.1 

6.0 

196 
181 

8.28 
5.88 

2.84 
2.96 

34.3 
50.3 

.14 
.15 

1.7 

1920             

2.6 

BUCKWHEAT 

Buckwheat  is  a  crop  of  minor  importance  in  all  of  the  States  in 
which  it  is  grown.  Only  in  New  York  and  Pennsylvania  were  as 
much  as  200,000  acres  grown  in  1927.  Remarkably  little  difference 
exists  between  the  straight  and  weighted  averages  computed  from 
reports  of  crop  correspondents  (Table  29)  for  a  crop  no  more  important 
than  buckwheat.  The  weighted  averages  from  the  tw^o  samples 
checked  closely  considering  the  scattered  acreage  of  the  crop. 
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Table  29. — Buckwheat:  Averages  of  yields  per  acre  computed  from  reports  of  crop 
correspondents,  and  the  official  estimate,  by  States,  1927  and  1928 


State 


Maine 

New  york 

Pennsylvania.. 

Ohio 

Indiana. 

Michigan 

Wisconsin 

Minnesota 

Iowa 

North  Daliota.- 
South  Dalcota.. 

Virginia 

West  Virginia-. 
North  Carolina 
Kentucky 


1927 


1,000 

acres 

14 

201 

210 

28 

15 

53 

23 

126 

15 

11 

18 

14 

39 

10 


Reported  by 

the  town 

ship  list 


.-  a 

I-  ri 

S-  "^ 

tc  o 


Bush 
els 


21.3 
23.5 
20.  G 
17.4 
13.6 
16.6 
14.0 
14.3 
14.8 
16.1 
19.4 
22.0 


16.4 


bt, 

'I 


Bush- 
els 


21.3 
23.3 
21.1 
17.6 
13.6 
16.2 
11.8 
14.0 
13.9 
18.6 
19.7 
22.5 


15.3 


Reported  by 

the  field' 

aid  list 


^  a 


Bush- 
els 
24.0 
20.6 
22.5 
21.8 
10.0 
13.9 
16.8 
14.9 
16.0 
15.5 
15.6 
22.9 
21.9 


17.0 


03 

*i  be 
'S 


Bush- 
els 
27.9 
21.0 
22.7 
21.0 


12.9 
16.4 
14.3 
15.6 


14.8 
22.5 
22.1 


16.8 


'a 

a 


.2 
'3 

e 

o 


Bush- 
els 
23.0 
21.0 
23.5 
21.0 
17.0 
13.0 
16.6 
14.0 
13.0 
14.5 
15.5 
21.0 
22.0 
20.0 
16.0 


1928 


1,000 

acres 

13 

192 

195 

35 

15 

48 

25 

88 

6 

10 

19 

17 

40 

10 

14 


Reported  by 
the  town- 
ship list 


■5,  * 


Bush 
els 


18.0 
19.2 
18.3 
17.1 
15.5 
15.1 
13.2 
15.7 
15.5 
14.7 


18.2 


be 


Bush- 
els 


17.8 
19.0 
18.5 
17.1 
15.6 
14.5 
12.5 
16.0 
14.9 
14.3 


18.6 


Reported  by 

the  field' 

aid  list 


~  a 


Bush 
els 
25.5 
17.9 
20.0 
22.2 
13.8 
15.1 
17.4 
12.1 
15.4 
14.3 
13.9 
19.5 
19.5 


17.3 


Z.  be 

_bO 


Bush 
els 
26.0 
17.8 
19.9 
22.0 
14.3 
14.4 
16.3 


14.0 


14.6 
19.2 
20.0 


16.2 


o 


Bush- 
els 
23.0 
18.1 
19.5 
20.0 
15.0 
l.-i.O 
16.5 
12.2 
14.5 
14.5 
14.5 
19.2 
20.0 
19.0 
17.0 


'  Crop-reporting  district  or  county  averages  weighted  by  acreage. 


Table  30  presents  for  comparisons  (1)  the  size  of  buckwheat  yield- 
per-acre  sample,  (2)  the  average  yield,  (3)  dispersion,  (4)  variation, 
and  (5)  probable  error  of  the  average  yield  obtained  for  several  States. 
The  coefficient  of  variation  for  New  York  and  Pennsylvania  ranged 
from  24  to  34  per  cent,  whereas  in  Michigan  it  was  40  to  56  per  cent. 
The  relative  probable  error  in  New  York  State  was  1  per  cent  or  less, 
in  Pennsylvania  less  than  2  per  cent,  and  in  Michigan  between  2  and 
3  per  cent. 
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Table  30. — Buckwheat,  field  beans,  and  peanuts:   Yields  per  acre.     Selected  illustra- 
tions of  size  of  sample,  measures  of  dispersion,  and  probable  error 

BUCKWHEAT 


State  and  year 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 

of  re- 
ported 

yields 

CoefB- 
cient  of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

New  York: 

1927  1        

Ntimber 
237 
771 

Bushels 
20.6 
20.8 

Bushels 
4.90 
5.90 

Per  cent 
23.8 
28.4 

Bushels 

0.21 

.14 

Per  cent 
1.0 

1927  '  2 

.7 

Pennsylvania: 

1927  2 

460 
215 
193 
219 

24.2 
22.5 
20.4 
23.5 

6.40 
6.78 
6.11 
7.99 

26.4 
25.7 
30.0 
34.0 

.20 
.27 
.30 
.36 

.8 

1927  

1.2 

1926             

1.5 

1925  

1.5 

Michigan: 

1927      

166 
177 
176 

13.8 
15.2 
14.3 

7.69 
6.10 
6.16 

66.7 
40.1 
43.0 

.40 
.31 
.31 

2.9 

1926  

2.0 

1925             

2.2 

FIELD  BEANS 


New    York: 

1927  '  3 

61 

375 
116 
161 
376 

13.1 
13.1 
13.9 
14.0 
11.3 

3.20 
3.90 
4.40 
5.00 
4.80 

24.4 
29.8 
31.7 
35.7 
42.5 

0.28 
.14 
.28 
.27 
.17 

2.1 

1927  1                          - 

1.1 

1927  <               

2.0 

1926  3  5..     

1.9 

1926  ' 

1.6 

Michigan: ' ' 

1927    

386 
381 
196 

8.6 
13.6 
11.1 

2.87 
4.22 
3.86 

33.4 
31.0 
34.7 

.10 
.15 
.19 

1.2 

1926  

1.1 

1924                 

1.7 

PEANUTS 


Virginia: 

1927      

35 
38 

8.9 
12.1 

1.98 
2.66 

22.2 
21.2 

0.23 

.28 

2.6 

1926 - 

2.3 

Georgia:    ' 

1927  - 

237 
146 
274 
239 

Pounds 
725.0 
692.0 
478.0 
634.0 

Pounds 
328.0 
260.0 
288.0 
251.0 

45.2 
43.9 
60.3 
39.6 

Pounds 
14.38 
14.62 
11.74 
10.95 

2.0 

1926                    

2.5 

1926          

2.5 

1924  

1.7 

•  As  reported  in  November. 

2  Return  from  a  special  list  of  crop  correspondents. 

3  Return  from  a  special  list  of  commercial  correspondents. 

*  As  reported  in  October. 
'  As  reported  in  January. 

FIELD   BEANS 


The  estimates  of  bean  production,  acreage,  and  yield  per  acre,  are 
based  primarily  on  sample  data  from  the  field  aids  and  from  observa- 
tions made  by  the  field  statisticians;  consequently  there  is  no  oppor- 
tunity to  compare  the  samples  from  the  two  sources  as  was  done  with 
other  crops.  Table  31  shows  both  straight  and  weighted  averages 
from  the  field-aid  sample.  The  straight  and  weighted  averages 
checked  as  closely  as  in  the  case  of  most  other  seed  or  grain  crops.  In 
most  States  car-lot  shipments  of  beans  are  available  as  a  check  on  the 
production.  There  is  a  possibility  of  cash-crop  bias  in  the  estimates 
of  farmers  concerning  the  yield  of  beans  per  acre,  but  in  the  two  years 
under  consideration  there  is  little  evidence  that  cash-crop  bias  was 
allowed  for  in  the  making  of  the  estimates  of  yield  per  acre. 
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Table  31. — Field  beans:  Averages  of  yields  per  acre  computed  from  reports  of  crop 
correspondents,  and  the  official  estimate,  by  States,  1927  and  1928 


State 


New  York.. 

Michigan 

Montana 

Idaho. 

Wyoming... 

Colorado 

New  Mexico 
California... 


1927 


Acrrage 


1,000  acres 

75 

566 

32 

72 

17 

281 

195 

296 


Reported  by  the 
fleld-aid  list  i 


Average 
(arith- 
metic 
mean) 


Bushels 

13.6 

8.5 

18.2 

23.7 


20.1 
6.8 
7.0 

17.0 


Weighted 
average  ^ 


Bu-ihels 
13.2 


17.5 
21.7 
20.3 
CO 
6.6 
17.5 


Offlcial 
estimate 


Bushels 

13.0 

8.5 

20.0 

23.7 

18.0 

5.5 

5.0 

16.3 


1928 


Acreage 


1,000  acres 

80 

538 

43 

82 

24 

309 

214 

250 


Reported  by  the 
field-aid  list ' 


Average 
(arith- 
metic 
mean) 


Bushels 
14.7 
12.5 


20.7 

15.9 

4.1 

5.7 

20.3 


Weighted 
average  ^ 


Bushels 
14.5 
10.8 


18.4 


4.7 

6.6 

19.7 


Official 
estimate 


Bushels 
14.5 
11.0 
14.5 
19.0 
15.0 
4.5 
4.0 
17.3 


'  Reports  received  only  from  field  aids. 

'  Crop-reporting  district  or  county  averages  weighted  by  acreage. 

Table  30  presents  for  comparison  (1)  the  size  of  field  beans  yield- 
per-acre  sample,  (2)  the  average  yield,  (3)  dispersion,  (4)  variation, 
and  (5)  probable  error  of  the  average  jdeld  obtained  for  New  York 
and  Michigan.  The  coefficient  of  variation  fell  within  a  range  of  24 
to  42  per  cent,  and  the  relative  probable  error  was  between  1  and  2 
per  cent  in  practically  all  cases. 


PEANUTS 

Concentration  of  the  peanut  acreage  in  limited  areas  of  commercial 
prodiu'tion  necessitates  careful  weigliting  of  district  or  county  averages 
if  a  roj)rescntative  average  for  the  State  is  to  be  obtained.  There  is 
considerable  difference  betw^een  the  straight  and  weighted  averages 
from  the  same  sample  as  well  as  between  the  weighted  averages  of  the 
two  samples,  largely  because  of  (he  localization  of  the  crop.  (Table 
32.)  Since  peanuts  are  a  cash  crop  in  the  commercial  districts,  a  cash- 
crop  bias  must  be  guarded  against  by  the  statistician.  A  later  inquiry 
than  that  on  November  1  is  frequently  necessary  if  the  yield  per  acre 
of  peanuts  is  to  l)e  accurately  determined.  Peanuts  arc  sucli  a  spe- 
cialized and  liighly  localized  crop  that  special  inquiries  and  field  travel 
by  the  State  statistician  arc  necessary  to  supplement  the  regular 
field-aid  and  lowiisliip  returns. 

Tal)[c  30  presents  for  comparison  (f)  the  size  of  peanut  yicld-pcr- 
acrc  saiiiple,  (2)  the  average  yield,  (3)  dispersion,  (4)  varititii»n,  and 
(5)  prof)able  error  of  the  average  jaeld  obtained  for  samples  from  two 
imporhmt  States — Virginia  and  Georgia.  The  coefficient  of  variation 
in  Virginia  was  only  about  22  per  cent,  whereas  in  Georgia  it  varied 
from  40  to  00  per  cent.  The  relative  pr()bal)le  error  w^as  between  2 
and  3  per  cent  in  both  States  for  most  years.  The  large  dispersion 
in  Ge(»rgia  was  ])ractically  ofl'sct  by  samples  several  times  larger  than 
those  obtained  in  Virguiia. 
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Table  32. — Peanuts:  Averages  of  yields  per  acre  computed  from  reports  of  crop 
correspondents,  and  the  official  estimate,  by  States,  1927  and  1928 


State 


Virginia - 

North  Carolina 

South  Carolina 

Georgia 

Florida 

Tennessee 

Alabama 

Mississippi 

Arkansas 

Louisiana 

Oklahoma 

Texas 


1927 


Reported  by 
tlie  town- 
ship list 


1,000 

acres 

152 

211 

11 

304 

44 

20 

230 

9 

11 

13 

20 

117 


Co  '-H 

4)   ® 

>  a 


Lbs. 


661 


TS  II) 

'S 


Lbs. 


994 

1,011 

808 

757 

765 

733 

675 

738 

714 

692 

758 

782 

543 

623 

734 

642 


Reported  by 

the  fleld- 

aid  list 


0)  9 


O)  <i> 

^  a 


Lbs. 
840 

1,058 
996 
732 
654 
990 
655 
756 
901 
684 
783 
706 


C3 


T3   (D 

'S 


i6.s. 
881 

1,050 
954 
758 
641 


650 

747 
838 
636 
856 
719 


o 


Lbs. 
810 
954 
775 
725 
640 
850 
680 
725 
800 
625 
800 
600 


1928 


be 
03 


1,000 
acres 

152 

195 
10 

350 
44 
18 

210 
10 
12 
12 
47 

120 


Reported  by 
the  town- 
ship list 


S  13 

OJ   ^ 

©  p 

ro  ■— • 

>a 


Lbs. 


1,023 
680 
597 


598 
589 
675 
532 
695 
767 


ft  >-. 
b/jO 

'53 


Lbs. 


993 

748 
602 


624 
597 
720 

527 


780 


Reported  by 
the  field- 
aid  list 


03  <D 
O  P 


<1>  0} 

^  a 


i6«. 
840 

1,014 
731 
538 
608 
756 
612 
602 
736 
374 
768 
647 


'O  (i> 

x;  ui 


L6.S. 


1,097 
656 
542 
599 


675 
604 
740 
338 
783 
623 


03 

a 


Lbs. 
910 
950 
690 
540 
575 
800 
560 
500 
720 
450 
750 
650 


I  Crop-reporting  district  or  county  averages  weighted  by  acreage. 

RICE 

^  Rice  Is  a  highly  specialized  and  localized  crop;  it  is  grown  in  quan- 
tity only  in  Arkansas,  Louisiana,  Texas,  and  California.  Special  in- 
quiries addressed  to  rice  mills,  and  field  travel  by  the  State  statisti- 
cian, are  necessary  to  obtain  an  adequate  estimate  of  the  yield  per 
acre  of  such  a  specialized  crop  as  rice.  (Table  33.)  The  differences 
between  straight  and  weighted  averages  in  the  same  sample  are  likely 
to  be  somewhat  large  because  of  the  extreme  localization  of  the  crop, 
and  small  samples  must  necessarily  be  supplemented  by  the  first-hand 
information  of  the  State  statistician.  Fairl}^  adequate  checks  on  pro- 
duction are  obtained  from  the  mills  and  cooperative  associations  that 
handle  the  bulk  of  the  rice  crop. 

Table  33. — Rice:  Averages  of  yields  per  acre  computed  from  reports  of  crop  corre- 
spondents, and  the  official  estimate,  by  States,  1927  and  1928 


1927 

1928 

Reported  by 

Reported  by 

Reported  by 

Reported  by 

the  town- 

the field- 

the  town- 

the field- 

ship  list 

aid  list 

ship  list 

aid  list 

State 

<o 

, 

, 

a> 

.■a  a 

> 

O) 

.9 

.■a  a 

5-^ 
.■s  a 

03 

a 

03 

c9 

•4-3 

r.B 

,^a 

^a 

*  Si 

a 

^a 

^9 

a 

a 

U)o 

^n2 

Mo 

X5  C8 

.2 

03 

^.^ 

s:  c3 

^.a 

Xi  03 

03 

< 

>  a 
< 

o,  <u 

to 

o 

o 

< 

^ 
^ 

O)  o 

sa 
o 

1,000 

Bush- 

Bush- 

Bush- 

Bush- 

Bush- 

1,000 

Bush- 

Bush- 

Bitsh- 

Bush- 

Bush- 

acres 

els 

els 

els 

els 

els 

acres 

els 

els 

els 

els 

els 

Arkansas      .  . 

175 

48  5 

47  0 

51  5 

43  5 

44  0 

164 

50  8 

49  1 

49  7 

48  0 

47  0 

Louisiana . 

500 

35.0 

35.4 

37.5 

34.7 

40.0 

484 

33.4 

34.6 

36.0 

34.2 

38.0 

Texas 

174 

49.2 

46.0 

41.0 

39.0 

46.2 

174 

27.7 

27.0 

43  0 

43  4 

42.0 

California . , 

160 

59.0 

54.3 

56.0 

133 

62.1 

63.3 

60.7 

'  Crop  reporting  district  or  county  averages  weighted  by  acreage. 
106756°— 32 7 
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OTHER   MINOR  CROPS 

Table  34  presents  for  comparison  with  respect  to  Danish  cabbage 
in  New  York,  cowpeas  in  South  Carolina,  sugar  beets  in  Michigan, 
and  sorghum  sirup  in  three  States  (1)  the  size  of  sample  (2)  the  aver- 
age yield  (3)  dispersion,  (4)  variation  and  (5)  probable  error  of  the 
average  for  yield  samples.  The  samples  of  cabbage  jdeld  in  New 
York  showed  a  coefficient  of  variation  between  33  and  46  per  cent  and 
a  relative  probable  error  of  1  to  2  per  cent.  The  cowpea  samples  in 
South  Carolina  had  rather  wide  dispersion,  wdth  coefficients  of  varia- 
tion varying  from  47  to  95  per  cent.  With  the  small  size  of  sample 
that  occurs  in  a  small  State  like  South  Carolina,  the  relative  probable 
error  was  necessarily  large  in  the  case  of  crops  that  show  such  wdde 
dispersion  in  yields  as  do  cowpeas. 

Table  34. — Danish  cabbage,  sugar  beets,  corvpeas,  and  sorghum  sirup:  Yield  per 
acre.  Selected  illustrations  of  size  of  sample,  measures  of  dispersion,  and  prob- 
able error 

DANISH  CABBAGE 


State,  year,  and  district 

Reports 

Average 
yield 
(arith- 
metic 
mean) 

Standard 
deviation 
of  re- 
ported 
jnelds 

Coeffi- 
cient of 
varia- 
tion 

Probable 
error  of 
the  aver- 
age yield, 
or  mean 

Relative 

probable 

error 

New  York: 

1927  ' 

Number 
363 
140 
367 

Tons 
10.8 
10.5 
9.4 

Tons 
3.6 
4.0 
4.3 

Per  cent 
33.3 
38.1 
45.7 

Tons 
0.13 
.23 
.  15 

Per  cent 
1.2 

1927  2                _ 

2.2 

1925 

1.6 

COWPEAS 


South  Carolina: 

1927 

1926 

1925 

1924 


Bushels 

BusheLi 

Bushels 

102 

10.0 

5.08 

50.8 

0.34 

64 

9.2 

4.33 

47.1 

.37 

20 

5.8 

5.52 

95.2 

.83 

40 

6.9 

4.16 

60.3 

.44 

3.4 

4.0 

14.3 

6.4 


SUGAR  BEETS 


Michigan: 
1927... 
1926... 


Tons 

Tom 

Tons 

60 

7.9 

2.47 

31.3 

0.21 

60 

9.0 

2.37 

26.3 

.21 

2.7 
2.3 


SORGHUM  SIRUP  i 


Mi.ssiiwippi: 

1927                  

254 
390 

Gallons 

86.2 

110.3 

Oallons 
42.4 
55.3 

49.2 
50.1 

Oallons 
1.79 
1.89 

2.1 

1926    - 

1.7 

OeofRla: 

1927     -- 

285 
292 
362 
339 

83.0 
74.9 
46.4 
68.7 

38.6 
48.0 
37.5 
36.7 

46.5 
64.1 
80.8 
62.0 

1.54 
1.89 
1.33 
1.31 

1.9 

1926     

2.5 

1925               

2.9 

1924     -. 

1.9 

Florida: 

1928 '      

74 
94 
73 

89.2 
90.7 
96.6 

56.71 
.50.78 
42.96 

6.3.6 
56.0 
44.5 

4.46 
3.53 
3. 39 

5.0 

1927  '  

3.9 

1926          

3.6 

As  reported  in  November. 


'  As  reported  in  October. 
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Sugar-beet  yields  in  Michigan  had  a  small  degree  of  dispersion  as 
the  coefficients  of  variation  were  26  per  cent  one  year  and  31  per  cent 
the  other,  and  the  relative  probable  error  was  between  2  and  3  per 
cent.  The  yield  per  acre  of  sugar  beets  is  ascertained  from  reports 
from  the  sugar-beet  factories  as  well  as  from  crop  correspondents. 

Yields  of  sorghum  sirup  show  rather  wide  variability,  but  are  sub- 
ject to  only  moderate  errors  whenever  large  samples  can  be  obtained. 

DISPERSION  OF   YIELD  SAMPLES 

The  approximate  ranges  in  dispersion  of  the  observations  in  the 
yield  samples  for  the  more  important  crops  in  States  east  of  the  Rocky 
Mountains  are  presented  in  summary  form  in  Table  35.  The  mini- 
mum limit  of  dispersion  for  these  yield  samples,  as  measured  by  the 
coefficient  of  variation,  was  usually  between  20  and  30  per  cent.  In 
tobacco  samples,  however,  it  was  as  low  as  15  per  cent  and  in  potato 
and  cotton  samples  it  exceeded  30  per  cent.  In  samples  of  two  crops 
— flaxseed  and  tame  hay — it  was  30  per  cent.  The  modal  minimum 
variation  for  these  crops  was  25  per  cent.  Winter  wheat,  spring 
wheat,  rye,  buckwheat,  and  field  beans  were  included  in  the  group 
with  a  minimum  coefficient  of  variation  of  about  25  per  cent.  Corn, 
oats,  and  barley  had  less  dispersion  than  the  modal  group. 

The  maximum  limit  of  dispersion  was  usually  between  45  and  55 
per  cent.  The  lowest  was  40  per  cent,  for  tobacco,  and  the  highest 
was  80  per  cent,  for  cotton.  In  the  modal  group  which  included 
spring  wheat,  rye,  flaxseed,  potatoes,  and  buckwheat,  it  was  55  per 
cent;  in  corn,  oats,  and  field  bean  samples,  which  were  below  the 
modal  group,  it  was  about  45  per  cent.  The  maximum  variation  for 
winter  wheat,  barley,  and  tame  hay  was  50  per  cent. 

Table  35. — Comparison^  of  the  dispersion  and  probable  errors  for  the  yield  estimates 

of  several  crops 


Crop 


Winter  wheat 
Spring  wheat- 
Rye 

Corn 

Oats 

Barley 

Flaxseed 

Bucl£wheat--. 
Field  beans.  - 
Potatoes 

Cotton 

Tobacco 

Tame  hay 


Dispersion 


Standard  devi- 
ation 


Mini- 
mum 


Bushels 
3.5 
2.5 
4.0 
6.0 
8.0 
7.5 
3.0 
5.0 
3.0 
40.0 

Pounds 

50 

150 

Tons 

.40 


Maxi- 
mum 


Bushels 

CO 

5.5 

6.0 

11.0 

10.0 

9.0 

4.0 

8.0 

5.0 

CO.O 

Pounds 

80 

300 

Tons 

.60 


Coefficient  of 
variation 


Mini- 
mum 


Per  cent 
25 
25 
25 
20 
22 
22 
30 
25 
25 
38 


35 
15 


30 


Maxi- 
mum 


Per  cent 
50 
55 
55 
45 
45 
50 
55 
55 
45 
55 


80 
40 


50 


Probable  error  of  the  average 
yields 


Probable  error 


Mini- 
mum 


Bushels 
0.15 
.15 
.20 
.18 
.20 
.20 
.10 
.15 
.10 
1.00 

Pounds 

1.5 

5.0 

Tons 

.01 


Maxi- 
mum 


Bushels 
0.20 
.20 
.40 
.45 
.35 
.60 
.20 
.40 
.30 
2.00 

Pounds 

5.0 

20.0 

Tuns 

.02 


Relative  Prob- 
able error 


Mini- 
mum 


Per  cent 

0.8 
.8 

1.0 
.5 
.5 
.7 

1.1 
.7 

1.1 
.8 


1.0 
.7 


Maxi- 
mum 


Per  cent 
1.5 
2.0 
4.0 
1.5 
1.5 
2.5 
2.5 
3.0 
2.0 
2.5 


2.0 
3.0 


2.0 


1  These  values  are  only  approximations  of  the  minimum  and  maximum  limits  which  include  from  80  to 
90  of  the  samples  for  a  given  crop;  samples  from  the  far  Western  States  are  not  included. 

From  this  study  it  might  be  possible  to  array  or  rank  these  crops  in 
order  on  the  basis  of  the  variation  shown  by  the  yield  samples.     To- 
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bacco  samples  could  be  given  first  place  as  having  the  least  dispersion 
and  cotton  last  as  having  the  greatest.  Corn  would  be  second,  oats, 
third,  barley  and  field  beans  would  rank  in  fourth  place,  winter  wheat 
fifth,  spring  wheat,  rye,  tame  hay,  and  buckwheat  would  tie  for  sixth, 
flaxseed  seventh,  potatoes  eighth,  and  cotton  ninth  or  last.  Of  the 
crops  not  included  in  Table  35,  for  which  only  a  very  few  samples  were 
studied,  sweetpotatoes  in  Georgia  showed  greater  dispersion  than  did 
cotton,  and  cowpeas  in  South  Carolina  showed  greater  dispersion 
than  either  cotton  or  sweetpotatoes.  Yield  samples  of  cabbage,  sugar 
beets,  and  peanuts  had  no  more  than  the  average  degree  of  dispersion 
indicated  for  the  more  important  crops. 

COMPARISON    WITH    OTHER    SAMPLE    DATA 

The  dispersion  of  crop-yield  samples  is  from  two  to  three  times  as 
large  as  is  the  dispersion  of  farm-price  samples,  wliich  vary  from  as 
low  as  5  to  10  per  cent  with  the  farm  prices  for  surplus  farm  products 
of  corn,  hogs,  wheat,  and  cotton,  to  as  much  as  30  to  40  per  cent  with 
apples  (14)- 

Samples  of  farm-wage  data  have  a  dispersion  about  equal  to  those 
of  some  of  the  grain  crops  or  from  25  to  40  per  cent.  Samples  of  land 
values  vary  from  as  low^  as  25  per  cent  dispersion  in  a  homogeneous 
State  with  few  large  cities,  like  Iowa,  to  90  per  cent  or  more  in  States 
that  include  large  cities  like  New  York  or  States  in  which  there  are 
great  difl'erences  in  value  between  improved  and  unimproved  land  as 
in  some  of  the  far  Western  States.  On  the  other  hand,  yield  samples 
usually  have  nmch  less  dispersion  than  have  individual  farm  sam- 
ples of  either  acreages  or  numbers  of  livestock,  which  seldom  have  a 
coefficient  of  variation  of  less  than  60  or  70  per  cent  and  frequentty 
exceed  200  per  cent.^^ 

PROBABLE   ERRORS  OF   THE   AVERAGES   OF   YIELD  SAMPLES 

Table  35  also  presents  the  approximate  range  in  the  probable  errors 
of  the  averages  of  yield  samples  for  some  of  the  more  important  crops 
in  States  east  of  the  Rocky  Mountains.  The  samples  of  crop  yields 
are  so  large  for  important  and  universally  grown  crops  in  the  more 
important  producing  States  that  the  minimum  relative  probable 
error  seldom  exceeded  1  per  cent.  For  corn  and  oats  it  was  0.5  per 
cent,  for  tame  hay,  barley,  buckwheat,  and  tobacco  it  was  0.7  per 
cent,  and  the  highest  minimum  was  1.1  per  cent,  for  flaxseed  and 
field  beans.  The  maximum  relative  probable  error  was  about  1.5 
per  cent  for  corn,  oats,  and  winter  wheat,  2  per  cent  for  spiing  wheat, 
cotton,  and  field  beans,  2.5  per  cent  for  barley,  flaxseed,  and  potatoes, 
about  3  per  cent  for  tobacco  and  buckwheat,  and  4  per  cent  for  rye. 

A  comparison  of  the  relative  probable  errors  between  difierent  crops 
is  much  less  satisfactory  than  a  comparison  of  the  coefficients  of 
variation.  The  relative  probable  error  is  necessarily  large  when  only 
a  small  acreage  of  a  cro[)  is  grown  in  a  State  and  the  rci:)orts  from  crop 
reporters  are  few  in  number.  The  relative  probable  error  varies 
(Urectly  as  tiie  size  of  the  coefficients  of  variation  and  inversely  as 
the  square  root  of  the  number  of  reports.  Rye  yields  have  about  the 
same  dispersion  as  other  grain  crops  in  most  States,  but  the  sample  is 

"Thrse  nKuri'S  of  coedicii'nl  of  viiriiitioii  arc  from  unpublished  stu<li<\s  iiiiuh'  by  tbo  author  and  otluT 
work(!rs  in  Iho  Division  of  C'rop  und  Liveslocli  Eslimulcs.    Sec  article  by  A.  J.  Beyleveld  (!)■ 
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usually  SO  small  that  the  relative  probable  error  is  likely  to  be  very 
large.  If  a  rye  yield  sample  for  a  given  State  has  the  minimum  varia- 
tion of  about  25  per  cent,  then  about  284  reports  are  sufficient  to 
result  in  a  relative  probable  error  of  about  1  per  cent.  On  the  other 
hand,  if  the  maximum  variation  of  55  per  cent  occurs,  a  sample  made 
up  of  1,376  reports  would  be  required  if  the  relative  probable  error  is 
not  to  exceed  1  per  cent. 

The  relative  probable  errors  of  the  official  estimates  are  much 
smaller  than  those  for  the  individual  samples  that  have  been  analyzed, 
as  two  or  more  samples  of  about  the  same  size  as  the  one  studied 
usually  form  the  basis  of  the  official  estimates.  Stratification  of  the 
sample  also  tends  to  reduce  the  size  of  the  relative  probable  error 
below  that  computed  from  these  samples  on  the  basis  of  a  sample 
selected  at  random.  There  is  always  the  possibility  of  bias  in  the 
individual  observations  of  highly  commerciahzed  cash  crops,  such  as 
cotton.  Check  data  usually  obtainable  for  these  cash  crops  make  it 
possible  to  bridge  the  gap  from  the  biased  sample  to  a  fairly  close 
approximation  of  the  true  average  of  the  univei-se  from  which  the 
sample  was  drawn. 

COMPARISON    OF    YIELD    ESTIMATES    OF    THE    DEPARTMENT    OF 
AGRICULTURE  AND  YIELDS  DERIVED  FROM  CENSUS  DATA 

Thus  far  in  this  study  the  adequacy  and  reliability  of  the  official 
estimates  of  the  yields  per  acre  of  crops  have  been  considered  primarily 
with  regard  to  the  application  of  the  principles  of  sampling.  Yields  of 
important  crops  in  the  surplus-producing  States,  as  reported  by  one 
list  of  crop  correspondents  have  been  compared  with  those  reported 
by  another  list  of  correspondents  of  similar  size,  composition,  and 
geogi'aphic  distribution.  Differences  between  these  indications  of 
yield  are  about  what  would  be  expected  when  the  probable  errors  of 
the  samples  are  taken  into  account  and  when  allowance  is  made  for 
differences  in  editing  the  two  samples. 

Allowance  must  be  made  for  such  consistent  and  continued  down- 
ward bias  in  the  sample  as  is  found  with  cash  crops  like  cotton.  Such 
allowance  is  made  on  the  basis  of  past  experience  in  wliich  the  sample 
is  compared  with  check  data  on  yields  derived  from  ginnings,  car-lot 
shipments,  and  other  commercial  movements.  This  method  of 
measuring  bias  is  not  entirely  satisfactory  because  the  bias  of  the 
acreage  sample  that  is  also  present  when  production  is  used  as  a  basis 
for  checking,  can  not  always  be  allowed  for  separately.  The  use  of 
the  crop  meter  in  the  Southern  States  has  been  of  great  assistance  in 
obtaining  an  indication,  free  from  bias,  of  acreage  change.  After  all, 
the  essential  thing  is,  of  course,  the  reliability  of  the  estimates  of 
production,  and  accurate  estimates  of  yield  per  acre  are  only  a  means 
to  that  end.  The  estimates  of  yields  per  acre  of  cotton,  for  example, 
may  be  carried  along  from  year  to  year  on  too  low  a  level  and  the 
estimates  of  acreage  on  too  high  a  level,  while  at  the  same  time  the 
estimates  of  production  of  cotton  may  check  closelj^  wdth  cotton 
ginnings. 

It  is  possible,  however,  to  derive  a  yield-per-acre  figure  for  a  State 
from  census  data,  which  could  be  used  as  a  basis  for  checking  estimates 
of  yields,  or  the  jdelds  obtained  by  sampling.  On  first  thought  it 
would  seem  that  a  yield-per-acre  figure  obtained  by  dividing  the 
production  of  a  crop  by  acreage,  as  reported  by  the  census,  would 
serve  as  an  excellent  check  on  the  reliability  of  the  estimates,  or  yields 
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from  sample  data.  But  experience  has  shown  several  rather  serious 
limitations  to  the  use  of  census  data  as  an  indication  of  the  yield  per 
acre  of  a  given  crop,  or  as  an  absolute  check  on  the  official  estimates 
of  yield. 

There  is  the  matter  of  the  weight  per  bushel  of  small  grains  and 
com.  A  bushel  of  specified  weight  over  the  entire  country  is  desig- 
nated on  the  questionnaires  that  are  sent  to  crop  correspondents, 
whereas  the  legal  weight  of  a  bushel  for  a  given  crop  varies  as  between 
States.  On  the  other  hand  the  census  enumerator  obtains  his  data 
in  terms  of  bushels,  without  specification  as  to  weight.  A  census  is 
usually  taken  several  months  to  a  year  after  the  crop  is  harvested,  and 
consequently  memory  bias  is  a  much  more  serious  source  of  error 
with  census  data  than  with  the  samples  taken  soon  after  harvest. 

Memory  bias  is  especially  serious  in  areas  of  small  farms  with  small 
acreages  where  surplus  crops  are  not  grown  for  market.  With  the 
lapse  of  any  considerable  period  of  time  the  farmer  tends  to  report 
an  acreage  greater  than  the  acreage  from  which  his  production,  as  he 
estimates  it,  was  obtained. 

Where  the  reported  production  of  a  crop  is  actually  from  the  acreage 
of  the  crop  as  reported  to  the  census  enumerator,  the  yield  per  acre 
derived  by  dividing  the  production  of  a  crop  by  the  acreage  woidd  be 
a  satisfactory  indication  of  5deld  per  acre  for  that  crop,  assuming,  of 
course,  equal  completeness  of  enumeration  over  the  entire  State. 
There  is  always  the  possibility  that  the  production  as  reported  to  the 
census  eniunerator  includes  only  that  part  of  the  grain  crop  that  was 
harvested  and  threshed. 

The  reported  acreage,  however,  may  include  either  the  entire 
acreage  planted  to  that  crop  (of  which  a  part  might  have  been  aban- 
doned prior  to  harvest),  or  some  part  of  the  total  acreage  reported 
that  was  not  harvested  for  grain.  The  longer  the  period  from  time 
of  harvest  to  tlie  time  when  the  enumerator  calls  on  the  farmer,  the 
more  likely  is  the  farmer  to  report  as  the  acreage  harvested  of  a  given 
crop  the  acreage  of  the  field  in  which  it  was  grown,  Nvithout  deductions 
for  the  parts  of  the  field  from  which  no  crop  was  actually  harvested. 
His  total  prf)diiction  is  more  than  likely  to  be  reported  as  the  qiumtity 
actually  threshed  as  shown  by  tlie  number  of  bushels  on  his  bill  for 
threshiiig.  The  part  of  the  crop  used  for  some  other  purpose  is 
likely  to  be  omitted  because  it  has  been  forgotten.  The  smaller  the 
acroage  per  farm,  the  more  serious  is  this  source  of  error. 

In  spite  of  the  obvious  limitations  of  census  data,  it  is  desii'able  to 
make  a  systematic  comparison  between  yields  as  derived  from  the 
census,  on  the  one  hand,  and,  on  the  other,  official  estimates  made 
prior  to  the  completion  of  the  enumeration,  or  the  averages  of  the 
returns  from  sami)lc  inquiiios  to  crop  correspondents.  Where  the 
several  indications  check  closely,  greater  confidence  will  be  warranted 
in  both  the  census  yields  and  the  yields  obtained  from  sample  data. 

Such  a  (M)mparis()n  as  this  supplements  the  analysis  of  estimates 
of  crop  yields  made  with  regard  to  the  general  principles  of  sampling. 
It  is  an  attack  on  the  i)roblem  of  the  adequacy  and  reliability  of  the 
official  osliiniilcs  of  crop  yields  per  acre  from  an  oiitiroly  different 
angle,  one  wliicli  siionld  not  be  omitted  in  a  study  of  this  kind.  It 
would  be  desiral)le  to  have  a  much  more  detailed  explanation  of  some 
of  tlie  discrepancies  wliich  apjicar  when  those  sample  indications  and 
estiiuates  are  cliocked  against  yields  derived  from  the  census,  but 
Buch  a  study  would  exceed  the  scope  of  the  present  bulletin. 
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The  indications  of  yield  per  acre  from  the  census  are  available  for  six 
years— 1879, 1889, 1899, 1909, 1919,  and  1924.  The  yields  as  reported 
by  the  county  list  of  crop  reporters  and  also  by  the  township  list  are 
obtainable  for  only  the  four  years— 1899,  1909,  1919,  and  1924.  The 
four  indications  concerning  yield  per  acre  (1)  those  derived  from  the 
census,  (2)  those  from  the  county  reporters,  (3)  those  from  the  town- 
ship reporters,  and  (4)  the  official  estimates,  for  wheat,  corn,  oats, 
flaxseed,  cotton,  and  tobacco  are  shown  in  Tables  36  to  41, 
respectively. 

This  analysis  is  designed  primarily  to  answer  two  questions: 

(1)  How  closely  do  the  yields  obtained  by  the  methods  of  sampling 
used  by  the  department  check  in  an  absolute  sense  with  the  yields 
derived  from  census  data?  That  is,  how  closely  do  the  yields  per 
acre  obtained  by  the  two  methods  compare  when  checked  directly, 
one  with  the  other,  for  a  given  crop,  in  a  certain  State,  for  a  given 
year? 

(2)  What  degree  of  correlation  is  there  between  the  yields  per  acre 
derived  from  census  data  and  the  official  estimates  of  jdeld,  as  well 
as  between  census  jdelds  and  the  two  indications  from  sample  data? 
Although  the  yield  reports  by  States  obtained  by  one  method,  might 
be  generally  higher  than  the  reports  obtained  by  the  other,  because 
of  bias  in  the  individual  observations  of  the  sample,  or  to  inherent 
limitations  in  the  census  material,  either  one  indication  or  the  other 
might  reflect  relative  dift'erences  as  between  difi"erent  States,  or  as 
between  different  years  in  the  same  State.  The  con-elation  coefficient 
is  used  here  in  its  generic  sense  of  measuring  the  covariation  between 
two  variables,  botli  of  which  are  measurements  of  the  same  physical 
phenomena,  agricultural  yields  per  acre  in  given  States.  No  causal 
relationship  between  the  variables  is  involved. 

This  analysis  will  serve  to  show  also  how  closely  the  small  sample 
of  county  reports,  weighted  by  county  weights,  compares  with  the 
larger  sample  of  township  reports,  unweighted  in  1899  and  1909  and 
weighted  by  districts  in  most  cases  in  1919  and  1924.  The  correlation 
of  these  two  separate  indications  from  sample  returns  uill  be  of 
assistance  in  evaluating  the  dependability  of  the  county  samples  of 
crop  yields  per  acre.  This  correlation  bears  directly  on  the  reliability 
of  these  estimates  of  yield  made  prior  to  1896,  when  returns  were 
first  obtained  from  the  township  list  of  crop  correspondents,  and 
whUe  the  county  sample  was  the  chief  source  and  basis  of  the  oflicial 
estimates  of  all  kinds.  Prior  to  1882  the  samples  of  reports  from 
coimty  correspondents  were  the  basis  of  these  estimates. 

In  making  the  coinpui-isons  of  yields  per  acre  on  an  absolute  basis, 
the  States  are  divided  into  three  mutmdly  exclusive  categories: 
(1)  States  where  the  3n[eld  data  from  any  two  sources  check  within 
1  bushel  for  ginin  crojis,  O.T)  busliel  for  flaxseed,  10  pounds  or  less  for 
cotton  and  50  pounds  or  less  for  tol)acco,  (2)  States  wliere  the  esti- 
mates or  sample  averages  of  yields  are  liigher  by  more  tlian  these 
amoimts  than  those  derived  from  census  data,  and  (3)  States  where 
estiiiuites  or  sninple  uverages  imd  of  yields  are  lower  by  more  than 
th('se  uiiiounts  llian  the  census  yields.  The  number  of  States  falling 
within  each  of  these  three  categories  is  then  expressed  as  a  percentage 
of  the  (otal  number  of  States  involved  in  the  comparison.  The  sum 
of  these  tiiree  percentage  figures  would  therefore  be  100.  A  fourth 
category,  not  mnlnaiiy  e.\<'hisiv(>  so  far  as  the  other  three  are  con- 
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cerned,  includes  the  States  for  which  the  yield  data  from  any  two 
sources  check  within  2  bushels  or  less  for  grain  crops,  1  bushel  for 
flaxseed,  20  pounds  or  less  for  cotton,  and  100  pounds  or  less  for 
tobacco.  The  number  of  cases  falling  in  this  fourth  category  is 
expressed  as  a  percentage  of  the  total  number  of  cases  included  in  the 
comparison. 

This  analysis  shows  the  percentage  of  cases  in  which  ofRcial  esti- 
mates of  yields  per  acre  and  census  yields  check  within  1  bushel  for 
wheat,  corn  and  oats,  the  percentage  of  cases  in  which  they  check 
withm  2  bushels,  and  whether  there  is  a  tendency  for  estimates  to  be 
higher  or  lower  than  the  census  yields.  A  similar  comparison  is  made 
between  census  yields  and  yields  as  reported  by  the  county  reporters, 
and  also  between  census  yields  and  jdelds  reported  by  reporters  on 
the  township  lists. 

In  Table  42  these  comparisons  are  made  'for  all  years  by  geographic 
groups  of  States.  This  makes  it  possible  to  differentiate  between 
various  sections  of  the  country  in  drawing  conclusions.  In  Table  43 
aU  States  are  combined  for  each  given  year,  thereby  making  it  possible 
to  study  each  census  year  separately  and  to  note  any  changes  taking 
place  with  the  passage  of  time. 
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In  approaching  the  problem  of  a  relative  comparison  of  the  different 
indications  of  yield  per  acre,  simple  correlation  coefficients  between  the 
two  series  of  yield  per  acre  are  calculated  by  States,  for  a  given  geo- 
graphic division  for  each  census  year.  Additional  correlation  co- 
efficients are  calculated  for  all  the  yea7\s  combined  for  a  geographic 
division;  also  other  correlation  coefficients  for  all  States  for  any  one 
year;  and,  finally,  a  single  correlation  coefficient  for  each  crop  in  which 
ail  States  for  all  years  are  included.  These  correlation  coefficients 
appear  in  Table  44. 

A  comparison  between  the  yields  as  reported  by  the  county  cor- 
respondents and  the  yields  as  reported  by  the  township  list  was  also 
made  by  means  of  simple  correlation  coefficients  shown  in  Table  44. 

These  correlation  coefficients  are  not  corrected  for  the  influence  of 
the  size  of  sample,  wfiich  is  small  for  any  one  group  of  States  in  a 
single  year,  and  some  allowance  should  be  made  for  tliis  when  inter- 
preting the  results  of  their  comparison. 

WHEAT 

For  comparative  purposes  the  States  that  are  almost  entirely 
wdnter-w^heat  States  are  divided  into  two  groups  (f)  Northern  and 
Great  Plains  States  and  (2)  Southern  States,  whereas  the  States  that 
have  grown  both  sprmg  and  winter  wheat,  such  as  Iowa,  Wiscon- 
sin, JVIontana,  and  the  far  Western  States,  are  excluded  from  the 
comparison  because  of  the  possibility  of  confusion  on  the  part  of  the 
farmer  in  reporting  the  two  kinds  of  wheat  separately  either  to  the 
census  enumerator  or  as  a  crop  reporter.  Separate  comparisons  are 
made  for  the  three  most  important  and  almost  exclusively  spring- 
wheat  States  of  North  Dakota,  South  Dakota,  and  Minnesota.  (See 
Table  36  for  the  States  included  in  these  three  diflerent  groups.)  The 
jdeld  per  acre  of  winter  wheat  as  reported  by  crop  reporters  and  as 
officially  estimated  by  the  department  in  the  winter-wheat  States  is 
compared  with  the  3deld  per  acre  of  all  wheat  as  reported  by  the 
census  in  these  States,  and  spring  wheat  in  the  three  spring-wheat 
States  is  compared  with  all  wheat  from  the  census. 

Official  estimates  of  yield  per  acre  of  winter  wheat  check  more 
closely  with  yields  derived  from  census  data  during  the  fast  four 
census  years  than  when  the  two  early  census  years,  1879  and  1889, 
are  included  in  the  comparison.  The  official  estimates  of  the  yields 
of  winter  wheat  check  within  1  bushel  with  the  yields  as  derived  from 
census  data  in  53  per  cent  of  the  cases,  and  within  2  bushels  in  81  per 
cent  of  the  cases,  w^hen  all  six  census  years  are  included  in  the  compari- 
son; but  when  the  comparison  is  limited  to  the  last  four  census  years, 
these  two  indications  check  within  1  bushel  in  63  per  cent  and  within  2 
bushels  in  88  per  cent  of  the  cases.  (Table  42.)  In  1879  the  esti- 
mates were  based  primarily  on  yield  data  as  reported  by  county 
crop  correspondents  and  weighted  by  county  weights.  By  1889  the 
reports  from  the  part-time  State  agents  supplemented  the  reports 
from  the  list  of  county  reporters.  By  1899  reports  from  the  township 
list  of  reporters,  unweighted,  w^ere  included  as  an  additional  basis  for 
the  official  estimates. 

The  yields  from  official  estimates  and  from  census  check  a  little 
more  closely  on  the  basis  of  direct  comparison  in  the  Northern  States 
than  in  the  Southern  States  during  the  last  four  census  years.  This 
slight  difference  in  favor  of  the  Northern  States  becomes  even  more 
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sio:nificant  wlien  the  liigher  average  yields  per  acre  in  the  Northern 
States  are  taken  into  consideration,  for  a  check  within  1  bushel  is  a 
closer  check  when  yields  generally  are  above  12  bushels  per  acre,  as  in 
the  Northern  States,  than  when  yields  are  generally  below  12  bushels 
per  acre,  as  in  the  Southern  States. 

The  official  estimates  of  yields  check  more  closely  with  the  yields 
derived  from  the  census  than  do  the  reports  from  the  samples  of 
county  or  township  correspondents.  (Table  42.)  The  sample  data 
check  just  about  as  closely  with  the  census  data  in  the  Southern  States 
as  in  the  Northern  States.  There  is  not  a  great  deal  of  difference, 
however,  between  the  yields  as  reported  by  the  county  correspondents 
and  the  yields  reported  by  the  township  correspondents  in  percentage 
of  cases  which  check  within  1  or  2  bushels  of  the  yields  derived  froin 
the  census.  A  larger  percentage  of  the  yields  from  the  township 
reporters  check  witliin  1  bushel,  whereas  a  larger  percentage  from  the 
county  list  check  within  2  bushels. 

In  the  three  spring-wheat  States  the  several  indications  of  yield 
per  acre  check  much  more  closely  on  an  absolute  basis  than  in  the 
winter-wheat  States.  In  over  90  per  cent  of  the  cases  the  official 
estimates  of  yield  and  the  yields  derived  from  the  census  check  within 
1  bushel,  and  in  all  cases  they  check  within  2  bushels.  The  yields  as 
reported  by  the  township  list  check  more  closely  with  the  census  than 
do  those  from  the  county  reporters. 

The  several  indications  check  more  closely  with  yields  of  spring 
wheat  than  with  winter  wheat,  in  part  because  the  comparison  is 
limited  to  the  three  most  important  spring-wheat  producing  States, 
where  the  crop  is  grown  in  large  fields  and  where  the  acreage  as 
reported  by  the  farmers  to  the  census  enimierator  corresponds  closely 
with  the  acreage  from  which  the  reported, production  is  harvested. 

In  the  Northern  States,  which  include  the  important  commercal 
producing  areas  of  winter  wheat  in  the  Great  Plains  region,  therei  is 
only  a  very  slight  tendency  for  the  official  estimates  to  be  less  than 
the  yields  as  shown  by  the  census.  This  slight  tendency  is  apparent 
for  the  six  census  years  combined  as  well  as  for  the  four  more  recent 
census  years.      (Table  42.) 

Although  both  the  official  estimates  of  spring-wheat  yield  and  the 
yields  obtained  from  sample  data  check  closely  with  the  yields  as 
derived  from  the  census  (Table  42),  the  general  tendency  is  for  both 
the  official  estimates  and  the  sam])le  data  to  be  higher  than  the  yields 
as  derived  from  the  census.  This  is  probably  due  to  the  fact  that 
crop  correspondents  in  the  spring-wheat  States  tend  to  exclude  the 
yields  of  durum  wheat  from  their  estimate  of  spring-wheat  yields. 

From  the  Southern  States  the  yields  reported  bj^  the  township 
correspondents  as  well  as  the  official  estimates  tend  to  be  above  the 
yields  as  derived  from  census  data  in  a  greater  number  of  cases  than 
in  the  Northern  States.  This  is  probably  accounted  for  by  the  fact 
that  in  the  Southern  States  wheat  fields  are  smafier  and  more  irreg- 
ular in  shape  than  in  the  States  of  the  North  and  of  the  Great  Plains, 
while  harvesting  methods  and  utilization  of  the  crop  are  less  uniform. 

The  yields  derived  from  the  census  and  the  official  estimates 
chock  iniich  more  closely  during  each  of  the  last  four  census  years 
than  (luring  1879  and  1889.  It  is  also  interesting  that  in  1879, 
1909,  and  1919  there  is  a  marked  tendency  for  the  official  estimates 
to  be  higher  than  the  yields  derived  from  the  census,  whereas,  in 
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1889  and  1899,  the  tendency  is  in  the  opposite  direction  and,  in  1924, 
there  is  no  marked  tendency  in  either  direction.  In  general,  the  yields 
from  the  township  list  check  more  closely  with  the  yields  from  the 
census  than  do  the  yields  from  the  county  reporters.  The  sample 
indications  of  yields  tend  to  be  lower  than  the  yields  from  the  cen- 
sus years  1899  and  1924  and  higher  in  1909  and  1919;  the  two  indi- 
cations of  yield  from  sample  data  are  consistent  in  this  tendency  to 
be  above  the  census  yields  in  certain  years  and  below  them  in  other 
years.  It  is  especially  interesting  that  only  in  1924  did  the  official 
estimates  fail  to  reflect  the  bias  that  apparently  was  shown  by  the 
two  indications  from  the  sample  data. 

In  Minnesota,  North  Dakota,  and  South  Dakota  the  official 
estimates  of  yield  per  acre  of  spring  wheat  and  the  yield  as  derived 
from  the  census  check  within  1  bushel  in  14  of  15  cases  compared. 
(Table  36.)  The  county  samples  and  the  census  yields  check  witMn 
1  bushel  in  5  out  of  12  cases,  and  the  township  sample  checks  within 
1  bushel  in  10  of  the  12  available  comparisons. 

Official  estimates  of  wheat  yields  and  yields  as  derived  from  the 
census  check  within  1  bushel  in  5  of  the  6  census  years  in  West  Vir- 
ginia and  Kentucky;  in  4  of  the  6  census  years  in  Kansas,  Illinois, 
Indiana,  Pennsylvania,  New  Jersey,  Virginia,  and  Tennessee;  in  3 
out  of  6  years  in  New  York,  Missouri,  Maryland,  and  North  Caro- 
lina; while  the  two  indications  have  checked  within  1  bushel  in  all 
three  census  years  since  Oklahoma  became  a  State.  Although  in 
Ohio  they  check  within  a  bushel  in  only  2  of  the  6  years,  they  check 
within  2  bushels  in  all  6  years.  In  all  6  years  these  two  indications 
also  check  witliin  2  bushels  in  Missouri,  Nebraska,  Kansas,  and 
Tennessee. 

The  fact  that  the  yields  as  derived  from  the  census  and  the  official 
estimates  check  as  closely  as  they  do  in  the  Northern  and  Great 
Plains  States  and  in  the  important  sprmg-wheat  States,  as  well  as 
in  the  South,  justifies  the  conclusion  that  on  an  average  both  are 
fairly  close  to  the  true  yield  per  acre. 

In  any  one  year  or,  in  any  one  State  factors  may  be  tending  to 
make  one  figure  higher  or  lower  than  the  other,  and  these  must  be 
determined  and  allowed  for,  so  far  as  is  possible,  in  making  an  esti- 
mate of  yield  per  acre.  In  maldng  estimates  from  samples  obtained 
from  crop  correspondents  it  is  necessary  to  allow  for  the  slight  bias 
toward  understatement  on  the  part  of  the  correspondents  in  these 
important  wheat-producing  States.  In  the  less  important  wheat- 
producing  States  of  the  South,  yields  as  reported  by  crop  corre- 
spondents probably  are  closer  to  the  actual  yield  than  are  those 
derived  from  the  census  data. 

As  might  be  expected,  when  the  several  indications  are  compared 
on  the  basis  of  the  correlation  between  any  two  series,  as  sho"s\Ti  in 
Table  44,  it  is  again  apparent  that  the  yields  from  census  data  check 
more  closely  with  the  official  estimates  for  spring  wheat  in  the  three 
important  spring-wheat  States,  than  with  those  for  winter  wheat 
even  in  the  Northern  States.  The  correlation  coefficient  between 
yields  as  derived  from  the  census  and  the  official  estimates  of  yield 
for  spring  wheat  is  +0.989  in  the  last  four  census  years  and  +0.996 
for  all  six  of  the  census  years,  indicating  about  98  to  99  per  cent  of 
covariation  between  the  two  series  of  data  (coefficient  of  determina- 
tion or  the  percentage  of  covariation  is  taken  as  equal  to  the  square 
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of  the  correlation  coefRcient).  With  winter  wheat  the  correlation  is 
+  0.949  or  about  90  per  cent  of  covariation  between  yields  derived 
from  the  census  and  official  estimates  of  yield  per  acre. 

On  the  basis  of  correlation,  which  shows  the  extent  to  which  the 
variations  in  yields  from  State  to  State  and  from  year  to  year  for  one 
indication  are  associated  with  variations  in  the  other  indication,  it 
is  evident  (Table  44)  that  official  estimates  of  yields  as  reported  by 
county  correspondents  and  yields  as  reported  by  toAvnship  reporters 
all  check  more  closely  with  the  census  in  the  Northern  States  than  in 
the  Southern  States.  It  is  rather  surprising  to  find,  that  although 
the  township  sample  of  yields  checks  more  closely  with  the  census  than 
does  the  county  sample  when  considered  on  an  absolute  basis  of  the 
proportion  of  the  total  number  of  cases  in  which  each  checked  within 
1  or  2  bushels  of  the  census  yields,  when  considered  on  the  basis 
of  correlation  the  county  sample  shows  a  slightly  higher  degree  of 
correlation  with  the  yields  as  derived  from  the  census  than  does  the 
towTiship  sample,  in  both  the  Northern  and  the  Southern  States. 

Although  in  general,  the  correlation  is  higher  between  official 
estimates  and  yields  as  derived  from  the  census,  there  is  one  year, 
1924,  when  both  sample  indications  are  more  highly  correlated  with 
the  census  data  than  are  the  official  estimates. 

From  Table  44  it  can  be  seen  that  the  correlation  between  the  yields 
obtained  from  county  reporters  and  those  from  township  correspond- 
ents is  higher  than  those  between  the  yields  from  either  of  the  two 
sample  indications  and  the  yields  from  the  census,  and  even  slightly 
higher  than  the  correlation  between  the  official  estimates  and  the 
yields  derived  from  the  census. 

In  1909  in  the  Southern  States  the  correlation  coefficient  between 
county  and  township  yields  is  only  +0.637,  and  +0.566  as  between 
to\vnship  and  census  yields.  Further  analysis  by  means  of  scatter 
diagrams  reveals  the  fact  that  the  yield  as  reported  by  the  to\\Tiship 
list  for  South  Carolina  was  the  observation  which  is  at  fault,  and  that 
except  for  this  one  observation,  the  correlation  was  fully  as  high  for 
that  year  as  for  any  of  the  other  years. 

CORN 

In  the  North  Central  States,  where  more  than  two-thirds  of  the 
corn  crop  is  produced,  the  official  estimates  check  within  1  bushel 
with  the  yields  as  derived  from  the  census  in  about  one-third  of  the 
cases;  the  oflicial  esthnates  are  below  the  census  yields  in  about 
one-third  of  the  cases  and  are  above  in  one-third  (Table  42).  With 
corn  yields  the  checking  of  two  separate  indications  within  1  bushel 
is  nearly  as  significant  as  having  wheat  yields  check  Nvithin  0.5  bushel, 
})0(auso  corn  yields  are  fre([uently  twice  as  large  as  wlicat  yields. 
VVlien  tliis  is  taken  into  consideration,  it  may  be  said  that  in  the 
important  corn-producing  States,  corn  yields  derived  from  the  census 
and  those  oflicially  estimated  check  as  closely  as  do  wheat  yields  in 
important  wheal -producing  States. 

There  is  a  tendency  in  the  case  of  corn  for  both  the  sample  data 
and  the  ofiiciul  estimates  of  yield  to  be  higher  than  yields  derived 
from  census  data.  Tliis  tendency  is  probably  due  to  the  fact  that 
an  api)reciable  proportion  of  Die  corn  acreage  is  not  harvested  for 
grain,  but  is  use<l  otherwise.  Conseciucntl}',  wlicn  the  j)ro(hK'tion  of 
corn  as  reported  to  the  census  enumerator  is  divided  by  an  acreage 
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somewhat  larger  than  that  on  which  the  harvested  production  is 
grown,  the  resulting  yield  per  acre  is  too  low.  This  situation  is  even 
more  pronounced  in  the  South,  where  the  corn  crop  is  interplanted 
and  there  are  both  early  and  late  crops. 

In  the  far  Western  States  the  official  estimates  and  the  yields  as 
reported  b}^  the  crop  correspondents  are  usually  much  liigher  than 
the  census  yields.  Probably  this  is  partly  because  the  sample  data 
are  not  quite  representative,  as  it  is  extremely  difficult  to.  obtain  an 
adequate  sample  from  the  lower-yielding  dry-land  areas,  and  from 
the  less  successful  irrigation  projects. 

In  the  North  Atlantic  States  the  official  estimates  and  the  yields  as 
reported  by  the  crop  reporters  tend  to  be  lower  than  the  yields 
derived  from  the  census.  This  may  be  caused  by  the  regional  tend- 
ency on  the  part  of  farmers  to  report  the  yield  of  corn  in  bushel 
baskets  of  ears  rather  than  in  standard  bushels  as  specified  in  the 
3T.eld  questionnaires  of  the  department.  Although  tliis  designation  is 
not  observed  by  all  crop  reporters,  there  are  probably  fewer  errors 
of  this  sort  in  the  returns  from  crop  reporters  than  in  the  returns  to 
census  enumerators. 

Official  estimates  of  com  yields  and  the  yields  derived  from  the 
census  check  within  1  bushel  in  five  of  six  years  in  Kansas,  where  the 
State  average  yield  has  varied  from  as  low  as  about  16  bushels  in 
1919  to  as  high  as  28  bushels  in  1899.  In  Kansas  the  corn  crop  ma- 
tures early,  and  farmers  know  by  the  first  of  November  just  about 
what  the  yield  is  likely  to  be  when  harvest  is  completed.  As  rela- 
tively little  corn  is  used  for  silage,  soilage,  or  hogging  down  in  Kansas 
and  as  frost  damage  to  corn  occurs  less  frequently  than  in  many  other 
States,  these  two  indications  may  be  expected  to  check  more  closely 
in  Kansas  than  in  many  of  the  other  important  corn-producing 
States. 

Official  estimates  of  corn  yield  and  yields  derived  from  the  census 
check  within  1  bushel  in  4  of  the  6  years  in  Missouri  and  New  York, 
where  corn  yields  are  liigh,  in  Florida,  Tennessee,  and  Alabama, 
where  corn  yields  are  low,  and  also  m  Oregon,  a  State  in  wliich  only 
a  small  acreage  of  corn  is  grown.  These  two  indications  of  corn 
yield  check  within  1  bushel  in  3  of  6  years  in  Wisconsin,  Missouri, 
Nebraska,  South  Carolina,  and  Georgia.  They  check  witliin  2  bush- 
els in  5  of  6  years  in  New  York,  Minnesota,  Kansas,  Mississippi,  and 
Tennessee,  and  in  4  of  6  years  in  Pennsylvania,  Ohio,  Wisconsin, 
Missouri,  Georgia,  Florida,  Arkansas,  Louisiana,  and  Oregon. 

It  is  interesting  that,  as  shown  in  Tables  42  and  43,  the  3rields  from 
the  county  list  check  about  as  closely  with  yields  derived  from  the 
census,  as  do  the  township  samples,  although  the  correlations  in 
Table  44  are  somewhat  liigher  for  the  township  and  census  yields 
than  for  the  coimty  and  census  yields.  The  correlations  are  gener- 
ally lower  with  the  various  indications  of  corn  yields  than  with  the 
indications  of  wheat  yields,  and  even  the  county  and  townsliip  reports 
shown  in  Table  44  show  a  positive  correlation  of  only  0.852  for  sam- 
ples of  corn  yields,  as  compared  with  0.955  for  the  samples  of  wheat 
yields. 

The  difficulty  wdth  the  sample  data  on  yields  of  corn  that  was  due 
to  the  date  on  which  the  inquiry  was  previously  made  has  been 
mentioned. 
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OATS 

OfTicial  estimates  as  well  as  the  sample  indication  of  oat  yields 
check  much  more  closely  with  yields  as  derived  from  the  census  data 
in  the  North  Central  States,  where  the  bulk  of  the  crop  is  produced, 
than  in  other  parts  of  the  country.  (Table  42.)  In  all  sections  of 
the  coimtry  and  in  all  the  census  years  there  is  a  pronoimced  tendency 
for  official  estimates  of  oat  yields  and  the  indications  of  jdeld  from 
sample  data  to  be  higher  than  yields  derived  from  the  census.  This 
tendency  is  somewhat  less  in  evidence  in  the  North  Central  States, 
than  elsewhere.  Again  it  is  undoubtedly  the  old  difficulty  of  the 
farmers  reporting  a  larger  acreage  to  the  census  enumerator  than  was 
actually  harvested  and  threshed  as  grain.  Since  oats  are  primarily  a 
feed  crop  and  farmers  utilize  them  on  the  farm  in  the  most  econom- 
ical manner,  the  smaller  the  acreage  per  farm  the  less  lilvely  is  the 
farmer  to  harvest  and  actually  thresh  his  oats. 

In  spite  of  the  marked  tendency  for  the  official  estimates  of  oat 
yields  to  be  liigher  than  the  yields  shown  by  the  census,  these  two 
indications  check  within  2  bushels  in  all  of  the  6  of  the  census  years 
in  Oliio  and  Illinois;  in  5  of  6  years  in  Maine  and  Micliigan;  in  4  of 
the  6  years  in  New  York,  Indiana,  and  Minnesota;  in  2  of  the  6  years 
in  Connecticut,  Pennsylvania,  North  Dakota,  Delaware,  Maryland, 
South  (^'arolina,  Florida,  Alabama,  Mississippi,  and  Colorado;  and 
within  2  bushels  in  2  of  the  4  census  years  for  which  estimates  for 
South  Dakota  are  available. 

Although  the  oat  yields  indicated  oy  the  sample  data  are  generally 
higher  than  those  shown  by  the  census,  the  correlations  (Table  44) 
between  census  yields  and  township  yields  are  fully  as  high,  +0.89, 
as  for  corn  yields.  In  the  North  Central  States  the  correlations 
between  sample  data  }delds  and  census  data  are  higher  with  oats  than 
with  either  corn  or  wheat.  The  correlations  between  coimty  and 
township  indications  of  yield  (Table  44)  are  higher  for  oats,  +0.89, 
than  for  com,  +  0.85,  but  not  so  high  as  for  wheat.  The  correlation 
for  wheat  might  be  expected  to  be  higher,  since  the  far  Western 
States  are  omitted  from  the  comparison  for  wheat,  whereas  they  are 
included  in  those  for  oats  and  corn. 

FLAXSEED 

Official  estimates  of  flaxseed  acreage,  yield  per  acre,  and  production 
were  not  made  until  1902,  and  consequently  only  three  census  years 
are  available  for  this  comparison  of  crop-yield  indications.  Since  the 
average  A^eld  per  acre  of  fla.xseed  for  a  State  seldom  exceeds  12  bushels, 
the  absolute  C()mi)arisons  of  the  several  indications  of  yield  per  acre 
are  placed  on  the  basis  of  checking  within  0.5  and  1  bushel  instead  of 
1  and  2  bushels  as  with  the  other  grain  crops.  There  are  at  present 
only  four  States — North  Dakota,  South  Dakota,  Minnesota,  and 
Montana — where  the  growing  of  lla.xsced  is  at  all  important.  It  is  of 
yerv^  minor  importance  in  the  other  two  States,  Iowa  and  Kansas, 
inrliKlod  in  tliis  study.  Wisconsin,  Missouri  and  Nebraska  have  pro- 
duced a  little  II ax  during  the  period  covered  by  this  study,  but  in 
these  States  the  crop  is  of  such  minor  importance  and  the  acreage  so 
small  that  it  is  practically  impossible  to  obtain  reports  on  it  from  the 
cro|)  corr-cspondcnts. 

Oliicial  eslinuilcs  of  (lax  yields  check  less  closely  with  the  yields  indi- 
cated by  census  data,  in  successive  census  years.     (Table  43.)     The 
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number  of  States  in  which  these  two  indications  check  within  0.5 
bushel  is  67  per  cent  of  the  total  number  of  States  growing  flax  in  1909, 
33  per  cent  in  1919,  and  only  17  per  cent  in  1924.  The  percentage  of 
States  checking  witliin  1  bushel  declines  from  100  per  cent  in  1909  to 
67  per  cent  in  1919,  and  to  only  33  per  cent  in  1924.  No  such  trend 
is  apparent  in  the  yields  obtained  from  county  or  township  reporters. 

In  practically  all  instances  where  the  official  estimates  or  sample 
indications  fail  to  check  with  the  census  yields  within  0.5_  bushel,  they 
are  liigher  than  the  census  yields.  This  would  seem  to  indicate  that 
either  there  is  a  plus  bias  in  the  reports  of  the  crop  correspondents  and 
perhaps  in  the  official  estimates  as  well,  or  that  the  sample  is  not  fully 
representative  of  the  lower-yielding  areas  of  flax  production.  Flax  is 
considered  primarily  a  new-land  crop,  and  wilt-resistant  varieties 
that  permit  its  production  on  land  that  has  been  mider  cultivation  for 
some  time  have  been  developed  only  in  recent  years.  This  may 
account  in  part  for  the  decreasing  tendency  of  the  official  estimates  and 
census  3delds  to  check  in  successive  census  years. 

Introduction  of  wilt-resistant  varieties  has  tended  to  increase  the 
yield  per  acre  in  the  older  farming  sections  of  the  States  from  wliich 
the  bulk  of  the  crop  reports  are  received,  while  at  the  same  time  the 
acreage  of  flax  has  also  expanded  westward  into  less  humid  areas, 
especially  in  North  Dakota  and  South  Dakota.  There  is  always  some 
lag  in  the  adjustment  of  acreage  weights  where  the  acreage  of  a  crop 
is  expanding  and  there  is  also  difficulty  in  obtaining  regular  crop 
correspondents  in  new  farming  sections.  As  a  result,  the  lower- 
yielding  sections  of  expanding  flax  acreage  would  not  be  fully  repre- 
sented, either  in  the  reports  of  yield  or  in  the  system  of  weights  used; 
the  weighted  averages  of  1919  and  1924  would  tend  therefore  to  be 
too  high  and  might  be  expected  to  be  higher  than  the  yields  calcu- 
lated from  census  data.  Census  indications  of  yield  per  acre  should  be 
highly  reliable  with  the  flax  crop  because  it  is  not  fed  or  used  on  the 
farm  in  any  way  except  for  seeding  purposes. 

In  these  six  States  the  jdeld  as  reported  by  the  county  reporters 
check  much  more  closely  with  yields  as  derived  from  the  census 
(Table  42)  when  considered  on  an  absolute  basis  than  do  the  official 
estimates  or  the  reports  from  the  township  Hst.  In  1909,  the  yields 
derived  from  the  census  data  and  those  obtained  from  the  county 
reporters  check  witliin  0.5  bushel  in  80  per  cent  of  the  States  for  wMch 
county  data  are  now  available,  while  the  two  indications  check  witliin 
1  bushel  in  all  five  States.  In  1924  they  check  \yithin  0.5  bushel  in 
the  five  States  for  wliich  a  report  from  the  county  Ust  is  now  available, 
whereas  in  1919  they  check  within  0.5  bushel  in  only  one  State,  and 
within  1  bushel  in  only  one-half  the  number  of  States.  In  North 
Dakota  and  South  Dakota  the  yields  as  reported  by  the  coimty  list 
as  well  as  those  from  the  township  list  check  within  1  bushel  with 
the  yields  derived  from  the  census  data  in  all  three  census  years. 

However,  the  correlation  between  official  estimates  and  yields 
derived  from  the  census  is  somewhat  higher  than  the  correlations 
between  census  yields  and  either  of  the  sample  indications.  (Table 
44.)  Although  the  correlation  between  official  estimates  and  census 
yields  is  higher  than  that  between  yields  reported  by  the  two  fists  of 
crop  correspondents,  the  correlation  between  the  latter  is  higher  than 
that  between  yields  derived  from  census  data  and  either  of  the  sample 
indications.  The  census  yields  and  those  reported  by  the  county 
reporters  however,  show  a  correlation  of  +0.993  in  one  year,  1924. 
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This  comparison  of  yield  data  for  flaxseed  shows  (1)  that  the  several 
indications  of  yield  per  acre  check  about  as  closely  wdth  this  crop  as 
could  be  expected  for  an}^  crop  and  (2)  that  in  making  estimates  of 
the  yield  per  acre  of  flaxseed  the  statistician  must  be  on  his  guard 
against  a  sample  that  is  not  fully  representative  of  the  lower-yielding 
sections  of  these  States. 

COTTON 

Comparing  official  estimates  of  yields  per  acre  of  cotton  and  sample 
data  yields  with  those  obtained  from  census  data  probably  is  less 
satisfactory  than  maldng  similar  comparisons  for  any  other  crop. 
Each  year  since  1902  the  Census  Bureau,  through  special  agents,  has 
obtained  the  data  on  cotton  ginning  direct  from  the  cotton  gins.  As 
might  be  ex|)ected  serious  difficidties  have  been  encountered  in  making 
a  farm-to-farm  enumeration  that  will  check  exactly  with  ginning 
figures  of  cotton  production.  Consequently  such  adjustments  must 
be  made  in  tabulating  and  summarizing  the  data  that  a  reliable  indi- 
cation of  yield  per  acre  is  not  likely  to  be  obtained  by  dividing  the 
production  by  the  acreage. 

The  production  of  cotton  as  reported  by  the  census  is  not  necessarily 
from  the  acreage  as  reported  by  the  census.  In  1900  difficulty  and 
confusion  arose  from  the  fact  that  production  was  reported  both  m 
bales  and  pounds  of  lint.  In  1909,  the  first  census  after  ginning  re- 
ports had  become  well  established,  more  cotton  was  enumerated  than 
was  reported  as  ginned,  because  of  a  duplication  of  reports  on  the  pro- 
duction of  cotton,  when  the  same  field  of  cotton  was  in  some  instances 
reported  to  the  enumerator  twice,  once  by  the  landlord  and  again  by 
the  tenant.  This  difficulty  arose  largely  from  the  construction  of  the 
schedule  on  which  data  from  cropper  tenants  and  data  for  the  whole 
plantation  became  difficult  to  separate  and  distinguish. 

With  the  funds  available  it  became  necessary  in  many  of  the  States 
to  base  the  jdelds  per  acre  largely  on  the  estimates  of  the  Department 
of  Agriculture,  and  the  acreage  of  cotton  became  a  derived  figure, 
obtained  by  dividing  the  total  production  ginned  by  these  estimates  of 
yield  per  acre.  In  this  analysis  cotton  yields  from  census  data  in 
1909  appear  to  check  more  closely  wdth  the  official  estimates  than  for 
any  other  census  year.  In  1909,  yields  per  acre  derived  from  the 
census  and  ofruial  estimates  of  yield,  check  within  10  pounds  in  about 
09  per  cent  of  the  States,  and  in  other  years  such  a  close  check  as  10 
pounds  occurs  in  less  than  one-third  of  the  States,  except  in  1919  when 
they  checked  within  10  pounds  in  46  per  cent  of  the  States.  (Table 
43.)  The  correlatiun  betw  eon  these  two  indications  (Table  44)  is  very 
high  that  year,  +0.98,  in  comparison  Avith  about  +0.73  in  1899  and 
in  1919,  and    I  0.91  in  1924. 

In  1924  the  census  enumeration  showed  less  cotton  that  had  been 
accoinited  fttr  by  the  ginning  r(>ports,  and  c»)nse((uently  adjustments 
were  made  which  tended  to  impair  the  reliability  of  the  yield-per-acre 
figiire  (jcrivcd  by  dividing  total  production  by  the  acreage  enumerated. 
'I'lic  census  of  1919  is  ap|)arently  the  most  satisfact(^)rv  of  the  hist  three 
census  years  when  cotton  ginnings  have  been  aAiiilable  to  the  (^ensus 
Bureau  as  n.  check  on  the  accuracy  of  the  enumeration  of  cotton  acreage 
and  production,  in  1919  the  coiTchition  Ix'tween  the  census  yields 
and  the  yields  from  lh(>  county  sam|)le  and  betw^een  census  yields  and 
yields  from  the  township  sample  were  both  +0.95,  as  compared 
with  those  in  1924,  when  the  county -census  correlation  was  +0.71  and 
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the  tovraship-censiis  correlation  was  +0.66.  The  county-township 
jdelds  showed  a  correlation  of  +  0.97  in  1919,  the  highest  for  any  of  the 
four  census  years.     (Table  44.) 

The  further  difficulty  encountered  in  comparing  cotton  yields  is 
that  the  unit  of  measure  for  the  census  is  the  bale,  or  fraction  thereof, 
whereas  poimds  of  lint  cotton  are  used  for  the  official  estimates  and 
yield  questionnaries  of  the  Department  of  Agriculture.  The  bales 
per  acre  sho\v^l  by  the  census  were  converted  to  pounds  of  Hnt  on  the 
basis  of  bale  weights,  by  States,  as  published  b}^  the  census,  mth 
allowance  of  22  pounds  for  tare  on  each  bale.  Definite  data  on  bale 
weights  were  not  available  by  States  for  1879  and  1889,  and  conse- 
quently it  was  necessary  to  interpolate  for  the  separate  States  on  the 
basis  of  the  usual  deviations  of  the  weight  per  bale  for  each  State  as 
compared  with  the  average  for  the  United  States. 

Although  because  of  the  fimitations  of  the  data  only  very  broad 
generalizations  concerning  cotton  are  justified,  it  is  evident,  from 
Tables  42  and  43  that  the  official  estimates  of  the  yield  per  acre  as 
well  as  the  yields  reported  by  the  crop  correspondents,  check  with  the 
yields  derived  from  the  census  more  closely  in  the  South  Central 
States  than  in  the  Atlantic  Coast  States.  The  indications  derived 
from  census  data  are  consistently  higher  than  those  from  sample  data, 
indicating  considerable  bias  on  the  part  of  crop  reporters'  estimates, 
a  bias  apparently  more  pronounced  in  the  Atlantic  Coast  States  than 
in  the  States  farther  west.  With  the  greater  amount  of  bias  it  is  not 
surprising  to  find  that  the  official  estimates  are  apparently  on  a  lower 
level  relative  to  the  census  indications  of  yield  in  the  South  Atlantic 
States  than  in  the  South  Central  States. 

The  tendency  toward  a  downward  bias  on  the  part  of  the  sample 
data  and  the  official  estimates  apparently  has  become  much  more 
pronounced  since  the  beginning  of  reports  of  the  ginnings  of  cotton 
during  the  decade  from  1899  to  1909,  although  it  is  also  apparent  that 
the  official  estimates  and  the  yields  derived  from  the  census  check 
more  closely  during  the  last  three  or  four  census  years  than  during  the 
first  two,  1879  and  1889.  In  Texas  the  official  estimates  of  yield  and 
the  yield  derived  from  the  census  check  within  10  pounds  in  5  of  the  6 
census  years  and  within  20  pounds  in  all  of  them.  In  Mississippi  the 
two  indications  check  within  10  pounds  in  the  last  4  census  years  and 
within  20  pounds  in  1879  and  1889.  In  Alabama  they  check  within 
10  pounds  in  3  years,  and  within  20  pounds  in  all  of  the  last  5  census 
years. 

Among  the  Atlantic  Coast  States  Georgia  has  the  best  record  with 
three  census  years,  1889,  1899,  and  1909,  when  the  official  estimates 
and  the  census  yields  check  within  10  pounds,  but  the  official  esti- 
mates are  below  the  census  yields  in  1919  and  1924.  In  both  of  the 
Carolinas  the  official  estimates  are  below  the  census  yields  in  all  six  of 
the  census  years,  and  in  only  one  year  in  each  State  do  the  indications 
check  within  20  pounds. 

In  making  official  estimates  of  cotton,  empnasis  has  aiways  been 
placed  on  making  an  estimate  of  production  that  would  check  closely 
with  the  ginning  figures  of  production;  prior  to  the  ginning  reports 
elaborate  data  were  gathered  on  shipments  by  railroad  and  by  boat 
from  each  cotton  State,  to  serve  as  a  final  check  on  the  production 
estimates.  The  current  estimates  of  production  are  based  in  part  on 
an  interpretation  of  the  current  ginning  reports  made  public  twice  a 


126       TECHNICAL  BULLETIN   311,  U.  S.  DEFT.  OF  AGRICULTURE 

month  during  the  season  of  harvest.  The  later  in  the  season  the  fore- 
cast of  production  is  made,  the  greater  is  the  dependence  placed  on  the 
ginnings  up  to  that  date  as  an  indication  of  final  production.  Bj^  the 
first  of  December,  when  the  prelmiinary  estimates  of  yield  per  acre  are 
made,  that  indication  of  production  which  consists  of  the  acreage  of 
cotton  multiplied  by  yield  per  acre,  is  not  considered  very  significant 
in  comparison  with  the  indication  of  production  derived  from  an 
interpretation  of  ginning  data. 

The  low  correlation  of  +0.726  in  1899  (Table  44)  between  official 
estimates  of  yield  and  yields  derived  from  the  census  can  be  attributed 
primarily  to  the  low  official  estimates  in  Missouri  and  Virginia,  both 
States  of  minor  importance  in  cotton  production,  where  the  official 
estimates  are  much  lower  than  the  indications  from  the  township 
and  county  samples  as  well  as  lower  than  the  census.  The  same 
situation  occurred  again  in  Missouri  in  1919. 

The  low  correlation  +0.715  in  1924  between  yields  derived  from 

'  census  data  and  yields  from  coimty  reporters  is  due  largely  to  low 

yields  reported  by  the  county  sample  in  Missouri  and  Arkansas. 

These  same  low  reports  explain  the  low  correlation  between  the  county 

and  township  indications  for  that  year. 

TOBACCO 

In  about  one-half  of  the  States  in  the  census  years  1899,  1909,  1919, 
1924,  the  yields  of  tobacco  derived  from  the  census  data  check  within 
50  pounds  with  the  official  estimates  of  yield ;  in  three-fourths  of  the 
States  these  two  indications  check  withm  100  pounds.     (Table  42.) 

These  two  indications  check  within  50  pounds  and  100  pounds 
about  as  frequently  in  the  Northern  States  as  in  the  Southern  States, 
although  yields  per  acre  tend  to  run  somewhat  higher  in  the  North. 
In  1919  the  official  estimates  and  the  census  yields  checked  within 
50  pounds  in  all  of  the  seven  important  Northern  States  growing 
tobacco,  shoNving  a  correlation  coefficient  of  +0.999.  (Table  44.) 
These  two  indications  apparently  show  (Table  43)  an  increasing 
tendency  to  check  in  successive  census  years,  due  in  part  to  the  increas- 
ing importance  of  tobacco  as  a  farm  crop,  to  the  development  of 
better  methods  of  handling  sample  data,  and  to  more  effective  use  of 
information  concerning  the  quantity  of  this  crop  sold.  The  larger 
the  acreage  and  the  more  important  a  crop  becomes  in  a  State,  the 
more  accurate  and  reliable  avtII  be  both  the  census  enumerations  atid 
the  sample  data  concernmg  ;^dolds  per  acre.  In  the  earlier  census 
years,  1879  and  1889,  the  official  estimates  of  the  yields  of  tobacco 
and  the  yields  derived  from  the  census  check  within  50  pounds  in 
only  a  few  States— New  York,  Maryland,  and  Kentucky  in  1879, 
and  Ohio  and  Virginia  in  1889.  On  the  other  hand,  in  five  States, 
Kentucky,  Tennessee,  North  Carolina,  Indiana,  and  Wisconsin,  these 
indications  check  within  50  poimds  in  each  of  the  last  three  census 
years. 

In  1899  and  1909  the  yield  samples  from  tlie  comity  correspondents 
check  more  closely  with  the  census  on  the  basis  of  a  direct  comparison 
(Table  43),  whereas  in  1919  and  1924  the  yield  samples  obtained 
from  the  towiisliip  fist  chock  more  closely.  It  will  be  recalled  that 
the  reports  from  the  comity  list,  although  small  in  number  in  com- 
parison with  the  township  list,  were  weighted  by  counties.  The 
township  samples  were  not  weighted  in  1899  or  1909,  so  far  as  can  be 
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determined  now,  but  by  1919  the  more  important  crops  were  being 
weighted  by  crop-reporting  districts.  With  the  development  of  a 
strong  list  of  field  correspondents  and  the  appointment  of  full-time 
field  statisticians  in  practically  all  States  in  the  decade  from  1910  to 
1920,  it  is  reasonable  to  expect  that  the  list  of  county  correspondents 
was  not  so  well  maintained  nor  were  new  recruits  added  so  promptly 
when  old  reporters  dropped  out.  This  apparent  tendency  is  not  in 
e\4dence  with  crops  such  as  corn,  oats,  wheat,  and  cotton,  which  are 
produced  more  generally.  The  problem  of  obtaining  a  representative 
sample  is  usually  much  more  difficult  with  a  crop  of  localized  pro- 
duction, like  tobacco,  than  with  the  more  generally  grown  crops,  and 
it  is  possible  that  a  small  sample  properly  weighted  would  be  more 
accurate  than  a  large  sample  not  weighted. 

In  1899  the  official  estimates  did  not  check  as  closely  with  the 
yields  derived  from  census  data  as  did  the  sample  data  from  the  county 
reporters;  by  1909  the  estimates  checked  about  as  well  as  the  county 
sample;  and  in  1919  and  1924  the  estimates  checked  much  more 
closely  with  the  census  on  an  absolute  basis  than  the  township 
sample.  Information  concerning  the  sales  of  tobacco  was  probably 
given  greater  consideration  than  in  the  earlier  years. 

In  the  Southern  States  the  cases  are  equally  divided  into  two 
categories  (1)  those  in  which  the  official  estimates  are  lower  than  the 
yields  as  derived  from  the  census,  and  (2)  those  in  which  the  official 
estimates  are  higher.  This  situation  also  exists  when  the  data  for 
the  six  census  years  are  combined  for  comparison,  as  well  as  for  the 
last  four  census  years,  and  for  each  individual  year  of  the  last  four 
census  years.  The  deviations  of  the  yields  reported  by  the  township 
from  the  census  yields  also  show  an  equal  division  for  the  four  years 
combined  although  in  individual  years  there  is  considerable  variation. 
The  apparent  absence  of  any  material  bias  in  reportmg  yields  of 
tobacco  may  be  due  to  the  early  maturity  of  the  crop  and  early  sales. 
The  crop  is  entirely  marketed  m  several  of  the  Southern  States  before 
the  yield  inquiry  is  made  in  the  fall.  Consequently,  farmers  are 
well  informed  concerning  their  own  yields  and,  with  the  crop  rather 
well  out  of  their  hands,  there  is  little  incentive  to  understate  the 
yield  per  acre  when  reporting  to  the  department. 

In  the  Northern  States  there  is  a  tendency  for  both  the  official 
estimates  and  the  sample  data  to  be  higher  than  the  3delds  derived 
from  the  census  data  thereby  indicatmg  bias  in  the  individual  obser- 
vations. The  bias  is  more  in  evidence  with  the  township  sample  of 
yields  than  with  the  county  sample. 

Official  estimates  of  tobacco  and  yields  as  derived  from  the  census 
show  a  higher  correlation  than  do  winter  wheat,  oats,  corn,  or  cotton, 
although  the  correlations  between  sample  data  of  yield  and  the  census 
yield  are  about  the  same  as  with  the  other  crops.  (Table  44.)  The 
correlation  between  the  county  samples  and  the  township  reports 
is  lower  for  tobacco  than  for  oats,  winter  wheat,  spring  wheat,  or 
flax,  but  higher  than  for  cotton,  and  about  equal  to  that  for  corn. 

Although  the  yields  as  derived  from  the  census  and  the  official 
estimates  of  yield  tend  to  check  with  greater  absolute  accuracy  with 
the  passage  of  time,  the  correlation  coefficients  between  county  and 
township  reports  shows  no  tendency  to  become  larger  in  the  later 
census  years.  The  official  estimates  of  yield  are  more  highly  cor- 
related with  yields  derived  from  the  census,  +  0.962,  than  is  the  case 
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of  the  county  sample,  +0.885,  or  the  township  sample,  +0.918. 
Although  the  official  estimates  and  sample  data  show  less  indication 
of  bias  in  the  Southern  States  than  in  the  Northern  States,  less  cor- 
relation is  shown  in  the  North  between  official  estimates  and  census 
yields,  and  between  county  data  and  census  yields,  and  for  yields 
obtained  from  the  township  correspondents  and  the  yields  derived 
from  the  census.  The  two  sample  indications  of  yield  of  tobacco 
(Table  44)  show  very  low  correlations  in  the  Southern  States,  whereas 
in  the  North  there  is  a  substantial  correlation  between  thern.  In 
fact,  with  the  six  crops  considered  in  this  analysis,  it  is  only  in  the 
case  of  tobacco  in  the  South  that  the  county  samples  and  townsliip 
samples  show  really  low  correlation.  This  would  indicate  that  these 
samples  are  small  and,  having  considerable  dispersion,  are  conse- 
quently subject  to  liigh  probable  errors  and  are  not  likely  fully  to 
represent  the  important  tobacco-producing  areas. 

In  several  of  the  Southern  States  in  which  the  to^bacco  acreage  is 
small  and  highly  locaUzed,  it  is  difficult  to  obtain  an  adequate  sample 
that  is  fully  representative.  Fortunately  other  samples  as  well  as 
check  data  from  sales  are  available  as  a  basis  for  estimates  of  pro- 
duction. 

GENERAL  CONSIDERATIONS  IN  REGARD  TO  COMPARISONS  OF  YIELD 

ESTIMATES 

Official  estimates  of  yields  per  acre  check  sufficiently  well  with  the 
yields  derived  from  census  data,  when  allowance  is  made  for  the 
inherent  limitations  of  such  data,  to  justify  the  conclusion  that,  for 
important  crops  in  all  but  the  smallest  States  and  the  far  Western 
States,  these  two  entirely  separate  indications  of  yield  undoubtedly 
approximate  closely  the  true  jdeld  per  acre.  The  differences  between 
them  for  a  given  crop  are  seldom  more  than  might  be  expe_cted  from 
the  appUcation  of  the  principles  of  sampling  as  made  earlier  in  this 
study.  Bias  is  likely  to  be  present  in  the  reported  yields  of  import- 
ant cash  crops,  especially  when  such  crops  are  practically  the  only 
source  of  farm  income,  as  with  cotton.  A  small  sample  is  to  be 
trusted  only  within  rather  wide  limits,  and  lack  of  representativeness 
is  a  constant  source  of  error  in  the  sample  data  of  yield  per  acre,  as 
in  the  case  of  tobacco  in  States  of  small  tobacco  acreage.  These 
difficulties  have  apparently  been  recognized  by  the  Crop  Reporting 
Board  for  many  years,  for  with  most  crops  the  official  estimates  check 
more  closely  with  yields  as  derived  from  census  data  than  do  either 
of  the  direct  sample  indications;  and  with  all  the  crops  studied,  the 
correlation  between  census  yields  and  official  estimates,  is  higher  than 
that  between  census  vields  and  sanqilo  indications  of  yield  per  acre. 

From  this  analysis  it  nuiy  be  concluded  that  when  reports  are 
received  from  a  well-maintained  and  active  list  of  county  reporters 
and  these  reports  are  weighted  by  the  importance  of  the  crop  in  each 
county,  the  resulting  weighted  average  of  these  reports  is  usually  a 
very  satisfactory  indication  of  the  average  yield  per  acre  in  a  given 
State.  With  generally  grown  crops  such  as  corn,  oats,  and  wheat, 
reports  for  several  coimti(^s  could  be  missing  from  any  of  the  large 
and  more  homoironoous  States  without  seriously  affecting  the  result- 
ing average  of  yiehl  |)or  acre.  But  with  crops  of  highly  localized 
acreage,  such  as  tobacco  or  cotton  in  Missouri  and  Virginia  (where 
they  can  be  grown  in  only  a  few  counties)  there  is  grave  danger  that 
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reports  on  yield  might  not  be  received  from  one  or  two  counties 
which  would  represent  from  one-half  to  nine-tenths  of  the  acreage  in 
that  State.  As  a  result,  the  reported  yield  from  the  county  sample 
would  not  be  representative  of  the  important  producing  areas,  and 
it  might  easily  be  in  serious  error. 

In  the  smaller  States  having  only  a  few  coimties,  a  sample  contain- 
ing reports  from  all  the  counties  would  be  subject  to  a  very  high 
probable  error,  and  estimates  based  on  such  samples  would  not  be 
reliable.  This  difficulty  is  pronounced  in  the  New  England  States 
and  in  the  far  Western  States,  where  conditions  are  extremely  varied. 

Fundamentally  the  method  of  estimating  the  yield  per  acre  of  a 
crop  primarily  from  sample  data  obtained  from  voluntary  crop  cor- 
respondents is  the  same  to-day  as  in  1S79,  when  the  acreage  and 
production  of  crops  was  first  enumerated  as  a  part  of  the  Federal 
census  of  agriculture.  During  the  last  50  years  the  size  of  the  jdeld 
sample,  however,  has  been  greatly  increased. 

The  development  of  the  crop-reporting  service  along  the  lines  it 
has  taken  has  been  logical.  Additional  lists  were  developed  to  serve 
as  a  check  on  each  other;  trained  agriculturalists  were  appointed  in 
each  State  or  group  of  small  States,  who  could  travel  and  observe 
crop  conditions  and  make  reports  which  act  as  a  further  check  on 
the  sample  returns.  But  with  the  major  crops  in  the  important 
producing  States  the  old  system  of  carefully  selected  county  crop 
reporters,  with  from  one  to  five  assistants  in  each  county,  was  a 
highly  efficient  method  of  obtaining  a  reliable  indication  of  the  yield 
per  acre  of  such  crops.  It  was  fully  as  reliable  an  indication  as  the 
unweighted  returns  from  the  larger  list  of  township  correspondents 
started  in  1896.  In  fact,  the  yield  sample  from  the  county  list,  when 
that  list  was  well  maintained  and  active,  was  a  much  more  reliable 
indication  of  yield  per  acre  than  might  be  inferred  solely  from  the 
number  of  observations. 

With  generally  grown  crops,  and  in  fact  wdth  practically  all  crops 
except  the  most  locahzed  and  those  the  yields  of  which  per  acre  differ 
greatly  as  between  counties,  the  present  method  of  weighting  by 
crop-reporting  districts  the  returns  from  the  township  list  and  those 
from  the  list  of  field-aid  reporters  is  a  logical  outgrowth  of  the  earher 
situation  in  which  there  were  a  small  number  of  weighted  reports 
from  the  county  Hst  and  the  larger,  unweighted  sample  from  the  town- 
ship. Weighted  and  unweighted  averages  of  the  returns  from  two 
separate  lists  are  a  protection  from  errors  in  computation,  which 
must  always  be  guarded  against,  as  well  as  a  means  of  greatly  improv- 
ing the  representativeness  of  a  sample  that  is  not  distributed  in  pro- 
portion to  its  relative  importance  geographically  in  a  State. 

ESTIMATES  OF  YIELD  PER  ACRE,   1866  TO   1925 

SIZE   OF  SAMPLE 

The  year  1866  marks  the  beginning  of  the  present  series  of  yield- 
per-acre  estimates  for  important  crops  by  States.  From  1866  to  1882 
the  reports  from  the  county  correspondents  were  practically  the  sole 
basis  of  these  yield  estimates.  Each  county  reporter  was  expected  to 
have  assistants,  not  to  exceed  five,  who  reported  directly  to  him  each 
month  for  that  part  of  the  county  within  which  each  Uved.  The 
Department  of  Agriculture  undoubtedly  endeavored  to  keep  an  active 
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county  reporter  in  each  agricultural  county  of  the  United  States,  but 
it  is  not  likely  that  returns  were  received  from  more  than  60  to  75  per 
cent  of  all  counties  within  a  State  for  any  one  year.  The  August, 
1881,  Teport  on  cotton  condition  was  based  on  returns  from  56  per 
cent  of  the  counties  in  North  Carolina  and  70  per  cent  of  the  counties 
in  Georgia. 

For  the  more  important  crops  in  the  larger  States  a  sample  of  this 
size  stratified  by  counties  would  be  fairly  adequate  in  size,  and  differ- 
ences in  yield  per  acre  for  a  given  crop  from  year  to  year  would  be 
reasonably  significant  from  a  statistical  standpoint.  If  samples  of 
com  yields  per  acre  in  Iowa,  in  those  early  years,  had  had  about  the 
same  dispersion  as  in  recent  years  (25  per  cent  or  less),  a  sample  of  46 
reports  would  have  resulted  in  a  relative  probable  error  of  2.5  per 
cent,  or  with  a  sample  of  71  reports  the  relative  probable  erorr  would 
have  been  2  per  cent,  as  compared  with  less  than  0.5  per  cent  with  the 
larger  samples  now  regularly  obtained.  Samples  of  cotton  yields 
per  acre  with  a  50-per  cent  coefficient  of  variation  and  46  reports 
would  have  had  a  relative  probable  error  of  about  5  per  cent;  71 
reports  would  have  reduced  it  to  4  per  cent. 

It  is  probable,  however,  that  greater  effort  was  made  to  obtain 
reports  from  each  county  when  the  5deld-per-acre  inquiries  were  made 
than  was  the  case  with  the  monthly  condition  figures.  At  least  as 
early  as  1872  the  returns  from  the  county  reporters  were  weighted  by 
the  importance  of  a  given  crop  in  each  county.  This  would  bring 
about  an  improvement  in  representativeness,  which  would  contribute 
more  to  attaining  an  accurate  indication  of  yield  per  acre  than  a  mere 
increase  in  size  of  the  sample  with  crops  of  localized  acreage  such  as 
tobacco,  potatoes,  etc.  In  the  far  Western  States  or  in  the  small 
States  of  the  East  and  South  the  sample  from  county  reporters  has 
been  so  very  small  that  it  would  have  been  of  value  only  as  a  general 
indication  of  the  trend  of  fields  per  acre  over  a  period  of  years. 

In  1882,  State  statistical  agents  were  appointed  on  a  part-time 
basis  in  most  States.  Witliin  a  year  or  two  these  agents  began  to 
develop  a  small  list  of  correspondents  who  reported  directly  to  them 
each  month.  The  estimates  of  the  agent  were  based  primarily  on  the 
returns  he  received  from  his  correspondents;  consequently  the  official 
estimate  of  the  3deld  per  acre  of  crops  for  a  given  State  made  by  the 
chief  statistician  in  Washington  were  based  on  two  sources  of  infor- 
mation (1)  the  returns  from  the  county  correspondents  and  (2)  the 
estimate  of  the  State  statistical  agent.  The  additional  reports  ob- 
tained by  the  State  agents  probably  doubled  the  size  of  the  sample 
in  most  States.  Many  sources  of  information  were  increased  and 
made  available  by  the  State  statistical  agents.  For  instance, 
threshers'  returns  of  bushels  threshed  and  acreage  harvested  were 
reported  from  Ohio.  During  the  eighties,  estimates  of  the  yields  on 
a  large  number  of  individual  farms  wore  obtained  for  the  first  time 
and  were  used  as  a  check  on  the  other  sources  of  information.  Since 
these  yields  would  be  higher  than  the  average  for  a  locality,  they  were 
used  in  a  relative  sense. '^ 

In  1896  the  departmont  inaugurated  the  township  list;  witliin  a 
few  years  this  list  iiicluded  about  :^(),()()()  correspondents,  or  approxi- 

"  n.  W.  Snow,  in  coniTnciitlnR  ornllv  to  the  writer  on  the  m-ncriil  priictiro  of  handling  the  n^wrts  and 
nmkinK  cstimuti^s  in  vo^iir  iluriti^  the  vVnrs  from  I.HH'J  to  l.H!i2.  wln'ii  lu'  wiu-i  conni'Ctod  with  the  doiHirtincnt, 
.stntnd  thnt  tht".  ri'turns  of  th(^  county  corrtwpondonUs  continued  to  be  the  primary  basis  of  the  ollicial  esti- 
mates and  that  the  estimates  of  the  State  statistical  agents  were  used  merely  as  a  check. 
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mately  one  crop  reporter  in  each  township,  or  the  equivalent.  The 
addition  of  this  large  number  of  reporters  increased  the  size  of  sample 
several  times  and  midoubtedly  materially  increased  the  precision  of 
the  averages. 

This  increased  number  of  reports  was  especially  helpful  in  securing 
a  sample  representative  of  the  crops  that  had  a  locahzcd  acreage. 
When  there  were  only  county  reporters,  if  the  acreage  of  rye,  tobacco, 
or  beans  was  limited  to  only  a  few  counties,  it  might  frequently  be 
necessary  to  make  an  estimate  of  the  average  yield  per  acre  for  a 
State  when  no  reports  would  be  available  from  the  counties  in  which 
from  50  to  70  per  cent  of  the  crop  was  grown. 

In  the  beginning  the  tov/nship  returns  were  also  weighted  by  coun- 
ties, but  this  required  so  much  labor  that  for  years  only  a  simple 
arithmetic  average  of  the  townsliip  returns  was  calculated.  In 
comparatively  recent  years  the  townsliip  returns  of  yield  per  acre 
have  been  weighted  by  crop-reporting  districts.  The  counties  were 
grouped  into  crop-reporting  districts  in  the  decade  from  1900  to  1910, 
and  a  sj^stem  of  district  weighting  was  used  by  the  State  statistical 
agents  in  handhng  their  returns,  although  some  continued  to  weight 
by  counties. 

With  the  appointment  of  regional  field  agents  and  crop  speciaUsts 
on  full  time  during  the  period  from  1900  to  1910  and  the  building  of 
lists  of  correspondents  to  report  to  these  regional  agents  the  size  of 
yield-per-acre  samples  was  further  increased.  Weighting  by  districts 
was  practiced  by  most  of  these  regional  agents. 

During  the  reorganization  of  the  crop-reporting  service,  in  1914,  the 
positions  of  part-time  and  full-time  regional  and  statistical  agents  were 
abolished,  and  a  full-time  position  of  State  statistician,  as  it  exists  at 
present,  was  created  in  practically  all  States.  The  appointment  of  the 
State  statistician  was  placed  under  the  jurisdiction  of  the  Civil 
Service  Commission,  and  the  requirements  were  materially  raised. 
There  was  also  a  merging  of  the  lists  of  correspondents  who  had 
reported  either  to  the  State  agent  or  to  the  regional  agents  into  what 
has  since  been  known  as  the  field-aid  list,  which  reported  directly  to 
the  State  statistician  in  each  State.  This  list  was  greatly  increased  in 
size  until  it  contained  more  correspondents  than  did  the  township  list. 

The  yield  estimates  during  the  last  30  years  have  been  based  on 
samples  of  sufficient  size  to  render  the  results  highly  stable  except  in 
the  far  Western  States  and  in  some  of  the  smallest  States.  During 
the  last  15  years  the  yield  estimates  have  been  on  practically  the  same 
basis  from  the  standpoint  of  size  of  sample  as  the  estimates  of  recent 
years  that  were  analyzed  earlier  in  this  bulletin. 

The  period  from  1866  to  1930  may  be  divided,  on  the  basis  of  size  of 
sample,  into  about  four  periods  as  follows : 

(1)  1866-18S3.   Returns  were  from  county  reporters  only. 

(2)  1884-1895.  Returns  from  the  county  list  were  supplemented  by  returns 
from  field  aids,  who  reported  to  part-time  State  statistical  agents  in  each  State. 
Individual-farm  acreage  and  production  returns  were  used  to  some  extent  on  a 
relative  basis  as  an  indication  of  yield  per  acre  of  crops. 

(3)  1896-1914.  Returns  from  county  correspondents  and  field  aids  were  supple- 
mented fc)y  the  addition  of  returns  from  the  township  list  of  crop  correspondents. 
Regional  agents  with  limited  lists  of  correspondents  developed  after  about  1904. 
Lists  of  ginners  and  other  special  lists  were  used  in  connection  with  cotton. 

(4)  1915-1930.  With  the  reorganization  of  the  field  service,  the  field-aid  lists 
were  consolidated,  and  the  size  of  lists  was  greatly  increased  by  the  State  statis- 
ticians.    The  county  lists  were  merged  with  the  township  lists  in  1925. 
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REPRESENTATIVENESS 

The  crop  reporters  of  the  department  have  always  been  distributed 
either  by  counties  or  townships,  and  consequently  this  method  of 
stratifying  the  sample  has  always  not  only  aided  the  precision  of  the 
average  but  also  the  representativeness  of  the  sample.  By  1872  the 
county  reports  were  being  weighted  by  counties,  and  this  improved 
the  representativeness  of  the  average  of  the  sample.  The  returns  from 
the  field  aids  were  usually  weighted  by  the  State  statistical  agents,  by 
counties,  and  after  the  development  of  crop-reporting  districts  be- 
tween 1900  and  1910  these  returns  were  generally  weighted  by  dis- 
tricts. The  township  returns  were  so  numerous  that  weighting  was 
not  deemed  necessary  even  with  important  crops  untU  within  about 
the  last  10  years.  Lack  of  geographic  representativeness  has  prob- 
ably not  been  a  serious  problem  at  any  time  in  the  case  of  the  more 
generally  growTi  crops  in  the  States  of  major  production. 

BIAS 

The  understatement  of  yield  per  acre  on  the  part  of  farmers  has 
been  a  somewhat  difficult  problem  in  the  case  of  such  an  important 
cash  crop  as  cotton.  In  the  first  years  of  these  reports  on  crop  yields 
the  inquiry  was  made  as  a  percentage  of  the  previous  year,  and  in 
actual  bushels  and  pounds  per  acre  during  the  decade  from  1860  to 
1870.  In  commenting  on  these  returns  the  statistician  suggests  that 
the  yields  themselves  may  be  high,  as  they  were  obtained  from  better- 
than-average  farmers,  but  that  the  crop  reporters  were  well  qualified 
to  estimate  the  change  in  vield  per  acre  on  a  percentage  basis.  From 
1896  to  1925  the  averages  from  samples  obtained  from  county  report- 
ers show  no  tendency  to  be  either  higher  or  lower  than  those  from  the 
township  correspondents.  Differences  between  the  averages  from 
these  two  samples  could  easil\^  be  accounted  for  on  the  basis  of  the  in- 
fluence of  the  fluctuation  of  sampling  or  lack  of  representativeness. 

There  is  apparently  a  break  in  the  trend  of  the  ^deld-per-acre  series 
for  com  for  the  United  States  in  the  early  eighties;  this  has  led  many 
observers  to  conclude  that  some  shift  had  been  made  in  the  method  of 
estimating  corn  yields,  begiiming  in  1881.  In  the  North  Atlantic 
States  the  break  is  abrupt,  and  in  practicaUy  aU  sections  the  yields 
were  unusuaUy  low  during  the  period  from  1881  to  1893.  This  break 
in  trend  was  so  abrupt  that  it  led  AMiitney  {17  p.  60)  in  his  study  of 
the  trend  of  crop  yields  to  conclude  that  "the  only  possible  explana- 
tion is  that  the  department's  estimates  were  adjusted  at  that  time  in 
conformit}'^  with  the  facts  determined  hy  the  census." 

The  census  for  the  crop  year  1879  made  possible  for  the  first  time 
the  calculation  of  a  derived  yield-per-acre  figure  from  the  enumerated 
production  and  acreage.  In  the  North  Atlantic  States,  where  the 
break  was  most  in  evidence,  the  difrerences  between  the  official  esti- 
mates of  corn  jdclds  per  acre  published  in  the  year  1879,  and  the  yields 
derived  from  the  census  were  not  sufficient  to  justify  any  change  in 
method.  (Table  37.)  In  Maine,  Vermont,  Rhode  Island,  and  New 
York  the  yield  liguros  from  tlie  two  separate  sources  checked  within  a 
bushel.  In  New  lJaiii})s])irc  and  Connecticut  the  census  was  about 
4.5  busliels  higher  than  the  department's  estimates,  and  in  only  three 
of  these  States,  Massachusetts,  New  Jersey,  and  Pennsylvania  did  the 
census  yields  run  below  tlie  estimates  of  the  dopartinent. 

Tlie  late-season  condition  figures  for  corn  tend  to  show  somewhat 
the  same  trend  as  the  yield  estimates.     In  the  November,  1889,  crop 
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report,  the  chief  statistician  comments  on  the  corn-yield  situation 
during  this  period  as  follows: 

Seven  years,  1881  to  1888,  which  were  so  lean  that  only  one,  1885,  made  an 
average  of  26.5,  one  falling  to  18.6  in  1881,  made  the  remarkalily  low  average  of 
22.9  bushels.  The  period  of  10  years,  including  the  present,  will  make  an  average 
a  little  above  24  bushels,  a  reduction  of  fully  7  per  cent  from  the  average  preceding 
10  years.  This  is  a  difference  so  large,  due  evidently  to  meteorological  causes  and 
assuredly  not  to  the  depletion  of  fertility  or  deficiency  of  cultivation,  that  a 
periodic  recurrence  of  such  results  might  soon  give  some  encouragement  to  the 
cycle  theory. 

T^Tien  the  fundamental  relationships  between  weather  factors  and 
the  yield  per  acre  of  corn  are  eventually  worked  out  for  several  of  these 
States  it  uill  be  possible  to  test  this  series  of  yields  during  the  period 
from  1870  to  1890  and  to  determine  rather  definitely  whether  there 
was  anv  change  in  the  method  of  estimating  the  yields  of  corn  at  that 
time  (16). 

CONCLUSIONS 

The  methods  used  by  the  Department  of  Agriculture  in  making 
estimates  of  crop  production  may  be  classified  under  three  headings 
as  follows:  (1)  Collection  of  sample  data,  (2)  field  travel  and  observa- 
tion by  the  State  statistician,  and  (3)  collection  and  utilization  of 
check  data  on  quantity  of  the  crop  entering  the  channels  of  trade. 

The  present  method  of  collecting  sample  data  from  voluntary 
correspondents  is  generally  successful  as  a  basis  for  estimates  of 
yields  per  acre  in  the  case  of  most  crops  of  extensive  acreage  in  impor- 
tant producing  States.  The  yield  estimates  for  many  crops  in  a 
nimiber  of  States  could  be  improved  by  the  further  application  of  the 
principle  of  stratification,  especially  in  those  States  in  which  conditions 
are  extremely  varied  or  in  which  crops  tend  to  be  localized.  The 
stratification  of  the  State  into  districts  which  have  greater  homo- 
geneity than  have  the  present  districts  would  improve  the  representa- 
tiveness of  the  weighted  average  for  the  State  and  reduce  the  influence 
of  the  fluctuations  of  sampling. 

The  townsliip  and  field-aid  lists  of  crop  correspondents  have  been 
combined  into  one  list  which  reports  directly  to  the  State  statistician 
in  each  of  several  States  (Pennsylvania,  New  York,  New  Jersey,  the 
New  England  States,  Virginia,  West  Virginia,  Maryland,  Delaware, 
Florida,  Nevada,  Utah,  and  California).  A  similar  arrangement  in  the 
other  Rocky  Mountain  and  Pacific  Coast  States  would  tend  to  improve 
the  accuracy  of  the  estimates  in  those  States.  In  districts  of  extreme 
variation  and  small  samples,  a  comparison  of  the  reports  from  the 
same  reporters  for  two  consecutive  years  would  be  helpful  as  a  basis 
for  estimating  the  change  in  yield  from  one  year  to  the  next. 

Post-season  inquiries  of  yields  per  acre  for  cash  crops  with  a  ten- 
dency toward  cash-crop  bias,  such  as  the  present  March  inquiry  on 
cotton  yields  (Table  17),  might  well  be  extended  to  other  crops  such 
as  commercial  potatoes,  tobacco,  peanuts,  field  beans,  and  fruit  and 
vegetable  crops  generally. 

A  more  detailed  and  critical  comparison  of  official  estimates  and 
the  sample  returns  from  crop  correspondents  with  the  yields  derived 
from  census  data  would  throw  additional  light  on  the  limitations  of 
both  the  enumeration  and  the  sampling  method  of  obtaining  crop 
yields  per  acre.  It  is  necessary  to  determine  the  limitations  of  any 
method  before  much  progress  can  be  made  toward  its  improvement. 
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A  thorough  and  comprehensive  study  of  yields  as  derived  from  the 
Federal  census  for  the  crop  year  1929  as  compared  mth  the  sample 
returns  from  the  crop  correspondents  would  be  highly  desirable.  The 
inquiry  concerning  yields  per  acre  made  in  connection  with  the 
regular  April  crop  report  and  also  an  individual-farm  inquiry  on 
acreage  and  production  made  in  the  same  month,  have  placed  all  the 
sources  of  yield-per-acre  information  on  the  same  footing  from  the 
standpoint  of  memory  bias.  Such  a  study  of  the  indications  of 
yields  per  acre  for  the  crops  of  1929  might  well  be  a  joint  study  of  the 
Bureau  of  the  Census  and  the  Division  of  Crop  and  Livestock  Esti- 
mates, since  both  organizations  are  undoubtedly  interested  in  funda- 
mental research  of  this  kind,  which  will  form  the  basis  of  a  better 
understanding  of  the  available  data  and  a  starting  point  for  further 
improvement  in  methods  for  both  agencies. 

On  the  basis  of  a  scientific  analysis  of  all  the  information  available 
from  both  crop  reporters  and  the  census,  it  would  be  possible  to 
establish  yield-per-acre  estimates  for  the  crops  of  1929  that  could  be 
used  as  a  base  for  annual  estimates  for  subsequent  years  until  the 
next  agricultural  census  is  made. 

The  suggested  annual  sample  census  is  needed  primarily  as  a  means 
of  estunating  changes  in  acreage  and  number  of  livestock  on  farms 
from  year  to  year,  but  it  would  also  serve  as  an  extremely  valuable 
check  on  estimates  of  jdeld  per  acre,  wliich,  uith  most  crops,  must 
be  made  earher  in  the  season.  In  cases  in  which  reliable  estimates 
of  yields  per  acre  of  crops  on  a  county  basis  are  desired,  the  suggested 
sample  census  would  supply  the  necessary  data.  The  sample  census 
would  be  especially  helpful  in  those  States  in  which  it  is  now  difficult 
to  obtain  an  adequate  and  representative  sample. 

Extensive  field  travel  and  observation  by  the  State  statistician  is 
essential,  especially  in  States  in  which  conditions  are  extremely  varied 
and  crops  are  highly  localized.  The  greater  the  differentiation  in  a 
given  universe  of  inquiry,  or  the  smaller  the  sample,  the  more  impor- 
tant does  it  become  for  the  statistician  to  have  full,  detailed,  and  up- 
to-date  knowledge  of  the  imiverse  of  inquiry. 

The  importance  of  obtaining  data  that  can  be  used  as  a  check  on 
the  accuracy  of  the  estimates  of  crop  production  can  not  be  over- 
emphasized. Additional  facilities  are  needed  for  securing  tliis  type 
of  information  from  all  classes  of  common  carriers  for  all  agricultural 
commodities  that  are  sold  from  the  farm. 

The  residts  of  this  study,  in  common  with  other  economic  and 
statistical  generalizations,  can  not  be  stated  with  the  precision  that 
is  possible  in  the  field  of  the  more  exact  sciences,  but  they  justifj' 
certain  general  conclusions  concerning  the  adequacy  and  reliability 
of  the  official  estimates  of  crop  yields  per  acre.  The  relationships 
involved  are  complex,  and  when  any  factor  is  mentioned  individually, 
the  conclusions  should  be  qualified  with  the  statement  "provided 
other  things  are  eciiial." 

Estinuites  of  crop  yields  per  acre  for  the  12  North  Central  or  Corn 
Belt  States  are  not  only  more  reliable  than  those  for  any  other  part 
of  the  country,  but  are  about  as  accurate  as  such  estinuites  can 
possibly  \)Q  when  nuulc  on  the  basis  of  sample  data  obtained  from 
voluntary  crop  con-cspondents.  The  estimates  are  least  reliahle  in 
the  llocky  Mountain  and  Pacific  Coast  States,  and  in  some  of  the 
smaller  Eastern  and  Southern  States. 
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Estimates  for  such  generally  grown  crops  as  corn,  oats,  wheat,  and 
hay  which  have  rather  uniformly  distributed  acreage  in  the  State 
where  they  are  grown,  are  usually  more  reliable  than  crops  of  highly 
localized  production  such  as  commercial  potatoes,  beans,  peanuts, 
and  tobacco.  The  estimates  for  crops  of  relative  little  importance 
in  a  given  State  are  much  less  rehable  than  are  the  estimates  for  the 
major  crops. 

Estimates  for  important  and  somewhat  specialized  cash  crops,  such 
as  cotton,  tobacco,  commercial  potatoes,  peanuts,  and  beans,  are 
hkely  to  be  less  reliable  than  are  the  estimates  of  crops  largely  con- 
sumed on  the  farm  or  in  the  locality  in  which  they  are  produced. 
Fortunately,  this  situation  is  not  so  serious  as  it  might  at  first  appear, 
as  check  data  of  the  commercial  movement  of  the  crop  are  obtained 
for  many  of  the  crops  that  are  sold.  These  check  data  available  over 
a  period  of  years  make  it  possible  for  the  statistician  to  correct  for 
bias  which  may  exist  in  the  original  sample  material. 

The  explanation  of  these  conclusions  is  found  in  the  application  of 
the  fundamental  principles  of  sampling  and  of  statistical  induction 
under  given  circumstances  and  conditions  as  well  as  on  a  dii-ect  com- 
parison with  yields  derived  from  census  data.  The  estimates  for  the 
major  crops  in  the  important  North  Central  States  are  more  reliable 
than  elsewhere,  as  the  universe  from  which  the  sample  is  drawn  is 
more  homogeneous  and  there  is  less  dispersion  in  the  yields  per  acre 
over  a  given  State  than  generally  prevails  in  other  sections.  The  size 
of  sample  is  fully  adequate  to  reduce  to  a  minimum  the  influence  of 
the  compensating  errors  of  observation  and  the  fluctuations  of  sam- 
pling. Most  of  the  important  crops  in  this  area  are  generally  distrib- 
uted over  a  given  State,  thereby  insuring  geographic  representative- 
ness of  a  sample  stratified  by  townships.  Cash-crop  bias  and  other 
forms  of  noncompensating  errors  in  the  individual  observations  are 
apparently  much  less  serious  than  in  most  other  sections  of  the 
countr}^.  Many  of  the  crops  are  utilized  on  the  farm,  and  even  with 
the  cash  crops,  such  as  wheat,  flaxseed,  and  commercial  potatoes, 
there  seems  to  be  little  evidence  of  cash-crop  bias.  The  reliability  of 
the  yield  estimates  from  this  large  agricultural  area  is  of  tremendous 
importance  in  its  effect  on  the  reliabilit}'  of  the  estimates  of  total 
production  of  such  staple  crops  as  wheat,  corn,  oats,  barley,  rye,  flax- 
seed, potatoes,  and  hay. 

The  estimates  of  yield  in  small  States  are  not  so  reliable,  primarily 
because  it  is  difficult  to  obtain  a  sample  of  adequate  size.  Sample 
data  in  several  of  the  Rocky  Mountain  and  Pacific  Coast  States  are 
practically  worthless  as  a  basis  for  estimates  of  yield  without  careful 
interpretation  and  analysis  by  a  statistician  thoroughly  conversant 
with  the  current  situation. 

With  crops  of  highly  localized  production  it  is  usuallj^  difficult  to 
obtain  a  sample  that  is  adequate  in  size  and  fully  representative. 
Weighting  by  counties  rather  than  by  crop-reporting  districts  greatly 
improves  the  representativeness,  provided  there  are  a  sufficient  num- 
ber of  reports  by  counties  to  prevent  possible  distortion. 

Understatement  of  the  yield  per  acre  on  the  part  of  the  crop  corres- 
pondent, found  in  the  yield  inquiries  made  prior  to  the  selling  of  a 
cash  crop  like  cotton,  can  never  be  eliminated  from  the  sample  data 
and  must  be  allowed  for  by  the  statistician  in  making  the  estimate. 
Check  data  on  production  or  on  the  quantity  of  a  crop  sold,  such  as 
cotton  ginnings,  car-lot  shipments  of  grain,  fruits,  and  vegetables,  are 
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being  used  to  indicate  the  presence  of  this  cash-crop  bias.  At  present, 
it  is  extremely  difficult  to  measure  the  extent  to  which  this  bias  existed 
during  past  years,  because  it  can  not  be  accurately  allocated  as  be- 
tween the  acreage  and  the  yield-per-acre  sample  data.  It  is  like  a 
problem  in  joint  costs  in  accounting.  The  measurement  of  bias  in 
yield-per-acre  data  is  contingent  on  the  development  of  more  accurate 
methods  of  sampling  acreage.  Until  a  fairly  accurate  measure  of 
cash-crop  bias  can  be  developed  on  the  basis  of  previous  experience, 
this  allowance  for  bias  that  the  statistician  is  compelled  to  make  is 
largely  a  matter  of  personal  judgment  and  must  be  made  in  connection 
with  any  statistical  inference  based  upon  the  type  of  sample  data. 

It  is  difficult  to  obtain  a  sample  of  adequate  size  in  localities  in 
which  the  farmers  are  foreigners  who  do  not  read  and  write  English 
readily,  in  localities  in  which  the  general  level  of  education  is  low,  and 
in  communities  in  which  the  farms  are  somewhat  isolated.  In  some 
States  the  standard  bushel  is  not  the  customary  unit  of  measure,  and 
consequently  special  schedules  are  used  to  prevent  misunderstanding 
of  the  questionnaire. 

During  the  last  20,  or  perhaps  30  years  the  estimates  of  crop  yields 
per  acre  of  most  crops  have  been  nearly  as  satisfactory  as  during  the 
last  5  years.  Prior  to  1896  the  estimates  for  minor  crops  were  much 
less  dependable  than  dm'ing  the  period  since  then,  and  they  were  least 
reliable  during  the  period  prior  to  1882. 

Estimates  of  yield  per  acre  for  the  2uore  generally  grown  crops  coidd 
be  made  with  a  fair  degree  of  reliability  by  crop-reporting  districts  in 
the  important  Corn  Belt  States.  To  make  estimates  of  yield  for 
minor  crops  by  districts,  or  for  any  crop  by  counties,  is  not  feasible 
on  the  basis  of  the  present  system  of  voluntary  crop  correspondents 
except  in  some  of  the  Corn  Belt  States.  Such  estimates  are  neces- 
sarily so  unreliable  that  they  are  being  discontinued  until  such  time 
as  the  suggested  annual  sample  census  becomes  an  established  method 
of  sampling  acreage,  production,  and  number  of  livestock  on  farms. 

The  official  estimates  erf  yields  per  acre  for  generall}^  gro^\^l  crops 
in  important  producing  States  check  sufficiently  closely  with  yield 
derived  from  census  data,  when  allowance  is  made  for  the  mherent 
limitations  of  data  obtained  by  the  enumeration  method,  to  justify 
the  conclusion  that  these  two  entirely  separate  indications  of  yield 
approximate  closely  the  true  yield  per  acre.  The  difference  between 
these  two  indications  of  yield  per  acre  are  seldom  more  than  might 
be  expected  from  the  application  of  the  principles  of  sampling.  The 
statistician  must  be  on  his  guard  against  bias  in  the  sample  data  when 
making  an  estunate  of  yield  per  acre  for  cash  crops,  which  are  the 
principal  source  of  income  in  the  localities  where  produced. 

The  reliahility  of  the  estimates  of  cro])  yields  per  acre  is  only  one 
aspect  of  the  larger  problem  of  the  reliability  of  the  official  forecasts 
and  estimates  of  crop  production.  This  bulletin  is  in  the  nature  of 
a  progress  report;  it  deals  witli  a  phase  of  snmpling  that  probably  has 
a  broader  ai)plicatiou  in  the  general  lield  vi  sampling  economic  phe- 
nomena than  has  any  other  work  being  done  by  the  Department  of 
AgrifuUuro.  Further  work  of  this  kind,  now  under  way,  should 
eventually  make  available  (1)  the  results  of  siinilnr  studies  conceniing 
the  sjiinpling  f)f  nci-eage,  of  livestock  mimbers,  and  of  retail  prices  paid 
by  farmers,  (2)  the  results  of  luuch  more  detailed  studies  relative  to 
the  piT)l)lem  of  sampliug  in  a  given  State,  and  (3)  an  appraisal  of 
methods  used  in  forecasting  crop  yields  [)er  acre  prior  to  harvest. 
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INTRODUCTION 


COLOR  AND   ABSORPTION 


The  phenomenon  of  color  arises  from  the  selective  absorption  of 
light  in  the  visible  spectrum.  The  visible  spectrum  is  that  relatively 
restricted  portion  of  the  entire  spectrum  of  radiant  energy  to  which 
the  eye  is  sensitive.  The  practical  working  range  includes,  roughly, 
the  light  of  all  wave  lengths  between  400  m/x  and  720  m^n.  (The 
millimicron,  denoted  by  the  symbol  m^n,  is  the  millionth  part  of  a 
millimeter,  and  is  equivalent  to  10  Angstrom  units.) 

The  color  of  substances,  whether  in  the  solid  form  or  in  solution, 
is  determined  by  the  location  of  their  dominant  absorption  of  light 
within  the  visible  spectrum.  Their  color  is  complementary  to  the 
color  of  the  light  they  absorb.  A  violet  dye,  for  example,  appears 
violet  because  of  its  predominant  absorption  of  yellow  light.  A 
red  dye  absorbs  principally  green  light  and  a  blue  dye,  red  light. 

The  unaided  eye  perceives  but  can  not  analyze  color.  The  color 
of  substances  may  be  of  simple  origin.  It  is  more  commonly  of 
ver}^  complex  origin,  depending  upon  the  varying  degree  of  absorp- 
tion of  light  over  the  extensive  spectral  ranges.  The  eye  merely  regis- 
ters a  composite  effect,  which  may  be  the  resultant  of  an  endless 
variation  of  factors.  It  is  possible,  however,  to  resolve  this  effect 
into  its  component  factors  with  the  spectrophotometer. 


1  Research  fellow  supported  by  the  Commissioa  on  the  Staedardization  of  Biological  Stains. 
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The  spectrophotometer  may  reveal  that  two  violet  dyes  which  are 
indistin<j:uishable  to  the  unaided  eye  may  differ  very  decidedly  in 
the  details  of  their  absorption  of  light.  A  third  dye,  which  may 
appear  identical  in  color,  may  be  shown  by  the  spectrophotometer  to 
be  a  mixture  of  blue  and  red  dyes,  with  an  absorption  spectrum 
radically  different  from  that  of  a  true  violet  dye. 

The  spectrophotometer  enables  the  analyst  to  measure  the  degree 
in  which  a  colored  substance  absorbs  light  in  all  portions  of  the 
spectrum.  This  absorption,  in  the  instance  of  dyes,  usually  occurs 
in  well-defined  bands.  If  the  measurements  are  expressed  in  terms 
of  light  absorbed  and  are  plotted  against  wave  length,  the  analyst 
obtains  an  absorption  curve  or  graphical  representation  of  the  dye 
spectrum,  which  will  show  the  precise  manner  in  which  the  dj'e 

absorbs     light     throughout     the 
spectrum. 

Typical  absorj^tion  curves  of 
dyes  are  illustrated  in  Figure  1. 

When  measured  under  suitable 
conditions,  the  spectral  positions 
and  general  forms  of  absorption 
spectra  are  characteristic  of  indi- 
vidual dyes,  and  the  magnitude 
of  absorptive  indices  (the  height 
of  the  bands)  is  a  direct  measure 
of  the  concentration  of  dye  pres- 
ent. 

The  advantages  of  the  spectro- 
photometer over  the  colorimeter 
are  obvious.  It  enables  the  ana- 
lyst to  dispense  with  comparative 
standards  and  express  measure- 
ments in  absolute  values.  It  pro- 
vides photometric  fields  tor 
matching  which  are  completely 
uniform  in  hue.  Whereas  the  col- 
orimeter merely  provides  rela- 
tively favorable  conditions  for 
the  visual  comparison  of  total  color  intensity,  the  spectrophotometer 
affords  an  analysis  of  color  which  is  not  only  frequently  illuminating 
in  regard  to  the  nature  of  the  origin  of  the  color,  but  is  also  of  great 
value  in  respect  to  the  applications  in  which  it  may  be  utilized. 

The  term,  "  depth  of  color,"  as  employed  by  the  colorist  carries  no 
implication  with  respect  to  color  intensity,  but  refers  entirely  to  dom- 
inant hue.  In  any  series  of  colored  compounds  the  color  o1^  the  sim- 
plest member  is  usually  yellow.  The  color  of  such  a  compound  nuiy 
bo  deepened  by  weighting  the  molecule  with  suitable  substituent 
groups,  passing  from  yellow  to  orange  and  then  from  orange  to  red. 
In  like  manner  violet  is  a  deeper  color  than  red,  and  blue  is  a  deeper 
color  than  violet.  By  referring  to  Figure  1  it  will  be  observed  that 
the  phenomenon  of  deepening  color  is  simply  one  of  the  progressive 
passage  of  the  absorption  band  through  the  visible  spectrum.  When 
the  band  first  enters  the  spectrum,  the  color  is  ^yellow.  As  it  passes 
through  the  spectrum  in  the  direction  of  longer  wave  length,  the  color 
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FiGCKE  1. — Typical  dye  spectra  :  A,  Tartra- 
zine ;  B,  orange  G ;  C,  phloxinc ;  D, 
crystal  violet ;  E,  Neptune  blue 
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changes  successively  to  orange,  red,  violet,  and  blue.  Green  is  a  still 
deeper  color  than  blue.  The  spectra  of  dyes  are  more  complex  than 
is  apparent  from  their  absorption  of  visible  light.  They  absorb  light 
in  the  ultra-violet  region  of  the  spectrum  as  well  as  in  the  visible 
spectrum.  The  passage  of  the  absorption  bands  through  the  visible 
spectrum  with  deepening  color  is  accompanied  by  a  corresponding 
progress  of  other  absorption  bands  in  the  ultra-violet.  In  passing 
from  blue  to  green  color,  the  second  band  passes  from  the  ultra-violet 
into  the  far-violet  region  of  the  visible  spectrum.  The  spectra  of 
green  dyes  show  absorption  in  the  far- violet  as  well  as  in  the  region 
of  red  light. 

In  some  instances  the  absorption  bands  may  progress  even  farther. 
The  primary  band  may  leave  the  visible  spectrum  and  enter  the  infra- 
red region,  in  which,  of  course,  it  will  cease  to  influence  color.  The 
secondary  band  will  then  give  rise  to  what  is  termed  "  color  of  the 
second  order." 

COLOR  AND  CHEMICAL  CONSTITUTION 

It  is  obvious  that  the  manner  m  which  a  substance  absorbs  light, 
whether  within  the  visible  spectrum  cr  elsewhere,  must  be  related, 
primarily,  to  its  chemical  constitution.  Chemists  make  this  assump- 
tion in  establishing  the  structure  of  substances  on  the  basis  of  the 
analogy  of  their  spectroscopic  characteristics  and  behavior  with  that 
of  other  substances  of  known  structure. 

Countless  investigations  during  the  past  50  years  have  revealed 
many  facts  regarding  the  manner  and  degree  in  which  minor  consti- 
tutional variations  in  dyes  influence  the  spectral  locations  of  band 
maxima.  It  has  even  been  found  possible  to  calculate  the  positions 
of  maxima  on  empirical  principles  with  considerable  success  {1^8^  Jid)."^ 
Recent  studies  of  the  quantitative  aspects  of  absorption  carried  on 
in  the  Color  and  Farm  Waste  Division  indicate  clearly  that  an  analo- 
gous correlation  exists  between  the  constitution  of  dj^es  and  their 
intensity  of  color. 

Although  much  has  been  learned  respecting  the  modification  of 
color  by  means  of  constitutional  variations,  the  ultimate  cause  of 
color  has  remained  obscure.  Simple  theories  as  to  the  relation  be- 
tween color  and  constitution  have  been  repeatedly  shown  to  be  in- 
adequate for  universal  application,  and  no  explanation  of  known 
facts  has  replaced  them  which  has  met  with  universal  accept- 
ance {58). 

It  is  probably  the  general  belief  that  the  vibrations  which  are 
responsible  for  color  are  electronic.  It  appears  certain,  furthermore, 
that  color  is  conditioned  upon  factors  which  can  not  be  expressed 
by  conventional  methods  of  defining  chemical  structure.  There  is 
considerable  evidence  which  indicates  that  the  arrangement  of 
residual  affinities  of  molecules  may  have  a  decided  effect  upon  color. 

Any  protracted  discussion  of  theoretical  aspects  of  color  and  ab- 
sorption would  be  out  of  place  in  this  bulletin.  It  is  advisable,  how- 
ever, to  emphasize  one  fact.  Color  is  not  completely  dependent  upon 
constitution  in  the  ordinary  sense.  The  absorption  of  dyes  is  affected 
in  appreciable  degrees  b}^  factors  which  do  not  modify  structure 

-  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  39. 
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as  expressed  in  conventional  terms.  It  is  never  safe  for  the  color 
analyst  to  assume  that  the  absorption  of  a  dye  will  be  identical  under 
different  conditions.  He  should  determine  by  experiment  the  factors 
which  may  aifect  the  absorption  of  any  given  dye  and  base  his  technic 
with  that  dye  upon  his  findings. 

EQUIPMENT  AND   TECHNIC    FOR   VISUAL    SPECTROPHOTOMETRY 

The  essential  principle  of  the  visual  spectrophotometer  is  simple. 
Two  parallel  beams  of  light  of  equal  intensity  are  passed  through  a 
photometer  and  thence  through  a  spectrometer  to  reach  the  eye  in 
contiguous  fields,  enabling  the  observer  to  compare  the  two  spectra 
accuratel3^  The  photometric  arrangement  provides  for  the  unin- 
terrupted passage  of  one  beam  and  for  the  reduction  of  the  intensity 
of  the  second  beam  in  any  proportion  desired.  A  glass  cell  contain- 
ing the  solution  of  the  dye  whicli  is  under  examination  is  interposed 


Figure 


-Modern  spectrophotometer 


in  the  path  of  the  first  beam,  and  a  similar  cell  containing  solvent 
alone  in  the  path  of  the  second  beam.  The  spectrum  of  the  beam 
which  has  passed  through  the  dye  solution  will  be  deficient  of  such 
light  as  has  been  absorbed  by  the  dye,  and  the  light  thus  absorbed 
may  be  measured  by  reducing  the  intensity  of  the  second  beam  imtii 
it  matches  that  of  the  first  beam. 

Figure  2  shows  a  spectropliotometer  of  recent  design  which  is  ex- 
ceptionally convenient  for  investigating  the  absorption  of  solutions 
of  dyes  in  the  visible  spectrum.  Figure  3  is  a  schematic  diagram  of 
the  same  instruuient. 

A  250-watt  Mazda  projection  lamp  is  employed  as  the  light  source. 
This  may  be  disconnected  from  the  carriage  readily  if  any  occasion 
arises  in  which  it  may  be  desired  to  employ  a  light  source  of  a  dif- 
ferent character. 

The  absorption  cells  are  removable  vertical  cups  of  optical  glass, 
which  may  be  raised  and  lowered  about  ])lungers  of  optical  glass, 
thus  varying  at  will  the  depth  of  the  layer  of  solution  through  which 
the  light  passes.     The  cells  rest  upon  a  platform  provided  with  a 
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graduated  scale  and  vernier  which  enables  the  analyst  to  measure 
to  one-tenth  of  a  millimeter  the  depth  of  the  solution  layer  over  the 
ranjTe  from  zero  to  6  centimeters. 

This  feature  of  the  instrument  is  a  very  valuable  aid  to  con- 
venience. It  is  necessary  to  restrict  absorption  within  somewhat 
narrow  limits  in  order  to  measure  it  to  best  advantage.  If  the 
analyst  employs  absorption  cells  of  fixed  depth  he  can  only  vary 
and  adjust  the  degree  of  absorption  by  the  relatively  laborious 
(and  sometimes  expensive)  means  of  preparing  solutions  of  different 
dye  concentrations.  With  the  calibrated-cup  and  plunger  arrange- 
ment, readjustment  is  possible  within  wide  limits  by  merely  turning 
an  adjusting  screw. 
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FiGDEE  3. — Diagram  of  moderu  spectrophotometer 

■  The  photometer  is  of  the  improved  Martens  type,  depending 
upon  polarization  for  varying  light  intensity.  The  analyzer  is  ro- 
tated by  a  large  circle  which  is  so  graduated  that  the  analyst  may 
read  from  it  the  angle  of  rotation  or,  more  conveniently,  read 
directly  the  transmissive  or  absorptive  values  derived  therefrom. 
The  photometer  field  may  be  reversed  to  compensate  for  possible 
errors  arising  from  polarization  within  solutions  and  from  minor 
optical  imperfections  in  the  instrument,  making  the  reversal  of 
absorption  cells  unnecessary. 

The  spectrometer  is  provided  with  a  screw  drum,  calibrated  in 
wave  lengths,  by  means  of  which  the  prism  may  be  rotated  in  such 
a  manner  as  to  bring  light  of  any  desired  wave  length  into  the 
center  of  the  field  of  vision.  The  eyepiece  shutter  ma}^  be  opened 
wide  enough  to  permit  a  vieAv  of  nearly  one-third  of  the  visible 
spectrum  or  reduced  to  a  narrow  slit  through  which  only  a  narrov/ 
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spectral  range  is  visible  to  enable  the  eye  to  concentrate  upon  ob- 
taining an  exact  match  within  that  range. 

The  entire  equipment  is  mounted  on  a  single  substantial  base, 
which  renders  the  accidental  displacement  of  the  separate  units  im- 
possible or,  at  least,  improbable. 

The  same  instrument  is  provided  with  accessories  which  enable  the 
analyst  to  utilize  absorption  cells  in  a  horizontal  position.  An  il- 
luminating sphere  may  also  be  supplied  with  which  the  color  of 
colored  solid  substances  may  be  investigated  by  comparing  the  light 
reflected  from  their  surfaces  with  identical  light  reflected  from  a 
standard  white  surface  of  magnesium  carbonate.  (The  investigation 
of  d^^ed  materials  will  not  be  discussed  in  this  bulletin.) 

In  measuring  the  absorption  spectrum  of  a  dye  the  wave-length 
drum  is  set  at  a  definite  wave  length,  the  photometer  circle  rotated 
until  the  light  in  both  visual  fields  is  equal  in  intensity,  and  the  ex- 
tinction coefficient  read  from  the  circle.  Further  measurements  are 
then  carried  out  throughout  the  visible  spectrum  (or  as  long  as  ap- 
preciable absorption  continues)  at  intervals  of  10  m/x,  with  inter- 
mediate measurements  in  the  region  of  the  dye  maximum  or  in  any 
other  portion  of  the  spectrum  wherein  it  may  be  desirable  to  bring 
out  detail.  If  extinction  coefficients  are  then  plotted  against  wave 
length,  a  graphic  representation  of  the  absorption  of  the  dye,  or  its 
absorption  curve,  is  obtained. 

In  dealing  with  the  absorption  of  dyes  it  is  very  convenient  to 
express  spectrophotometric  values  in  terms  of  extinction  coefficients 
(E).  (The  terms  Bunsen  extinction  coefficient  and  absorptive  index 
are  somewhat  more  sf)ecific,  but  are  less  frequently  employed.)  The 
extinction  coefficient  (E)  is  the  logarithm  (expressed  as  a  negative 
number)  of  the  transmittancy  (T).  The  latter  (T)  is  merely  the 
ratio  of  the  intensity  of  the  light  emerging  from  the  solution  to  the 
intensity  of  the  light  entering  it.  Such  a  ratio  must  necessarily  fall 
between  zero  and  unity.  Its  logarithm,  accordingly,  will  be  negative 
and  will  range  between  zero  in  the  instance  of  complete  transmission 
(T=l)  and  infinity  when  extinction  is  complete  (T=0).  The  ex- 
tinction coefficient  is  therefore  a  direct  measure  of  the  absorptive 
power  of  the  solution. 

In  accordance  with  Lambert's  law  {46'),  values  of  E  should  in- 
crease in  direct  proportion  with  the  thickness  of  the  solution  layer, 
and  in  accordance  with  Beer's  law  (1),  they  should  also  increase  in 
direct  proportion  with  solute  concentration.  Lambert's  law  is  found 
\  alid  whenever  the  jjhotometric  provisions  and  technic  are  satisfac- 
tory. Beer's  law  (l)  also  proves  valid  in  instances  in  which  the 
conditions  are  such  as  will  exclude  alteration  in  either  the  pliysical  or 
chemical  solute  molecule. 

The  use  of  the  spectrophotometer  makes  but  little  denumd  upon 
technical  experience  or  skill  on  the  part  of  the  analyst.  In  the 
matching  of  the  pliotometric  field,  in  operating  the  instrument,  the 
most  cf)minon  eri'or  on  the  ])art  of  the  novice  is  that  of  too  great 
deliberation.  The  a\erage  observer  will  find  that  he  can  obtain  the 
most  reliable  data  by  making  his  matches  rapidly.  (It  is  assumed, 
of  course,  that  such  readings  will  be  checked  repeatedly  before  final 
acreptanco.)  The  eye  tires  i-ajudly,  and  its  sensitivity  decreases 
greatly  with  fatigue.     It  is  well  for  the  analyst  to  match  fields  as 
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rapidly  as  possible  and  allow  the  eye  a  brief  period  in  which  to  re- 
cover its  normal  sensitivity  before  attempting  to  duplicate  the  first 
match. 

There  are  two  factors  which  influence  visual  sensitivity  in  a 
decided  degree  which  the  analj'st  should  bear  in  mind  at  all  times. 
The  ability  of  the  eye  to  recognize  differences  in  light  intensity 
varies  considerably  both  with  the  wave  length  of  the  light  and  with 
the  degree  of  illumination.  Visual  sensitivity  is  greatest  in  the  yel- 
low-green portion  of  the  spectrum,  at  about  5C0  m/x,  and  decreases 
somewhat  rapidly  as  either  end  of  the  spectrum  is  approached.  Data 
are  available  on  the  relative  sensitivity  of  the  average  eye  in  different 
spectral  regions,  but  it  is  questionable  if  they  are  entirely  adequate 
to  serve  as  a  criterion  in  spectrophotometric  practice.  It  is  well  for 
the  analyst  to  determine  for  himself  the  spectral  range  within  whicii 
his  readings  may  be  relied  upon,  and  to  determine  also,  the  general 
order  of  variation  in  measurements  which  he  may  expect  in  other 
spectral  regions. 

In  various  practical  applications  of  spectrophotometric  data,  which 
will  be  referred  to  subsequently,  the  analyst  may  have  considerable 
latitude  in  respect  to  the  wave  lengths  at  which  his  measurements 
are  carried  out.  In  making  his  selection  the  factor  of  relative  sensi- 
tivity should  be  given  serious  consideration.  It  may  frequently  prove 
advisable  to  select  wave  lengths  which  may  involve  some  measure  of 
disadvantage  in  other  respects  in  order  to  effect  improvement  in  the 
j^recision  of  the  measurements. 

The  same  consideration  may  influence  the  proper  choice  of  solvents 
and  conditions  employed.  The  bands  of  dyes  which  may  lie  in 
spectral  regions  in  which  the  eye  is  relatively  insensitive,  in  such 
solvents  and  under  such  conditions  as  are  ordinarily  employed  in 
their  examination,  may  frequently  be  transposed  into  more  favorable 
regions  for  examination  by  resorting  to  other  solvents  or  other 
conditions. 

The  second  factor  which  influences  visual  sensitivity  is  illumina- 
tion. The  eye  is  most  sensitive  to  changes  in  light  intensity  over  a 
limited  photometric  range,  and  accuracy  suffers  with  both  excess 
and  deficiency  of  illumination.  The  analyst  should  determine  for 
himself  the  photometric  range  within  which  his  measurements  are 
most  trustworthy  and  confine  his  work  to  it.  He  may  find,  for  ex- 
ample, that  he  reads  most  accurately  when  the  extinction  coefficients 
are  approximately  1.00  and  that  his  readings  become  somewhat  less 
certain  when  values  fall  below  0.70  or  exceed  1.30.  He  should,  then, 
modify  his  technic  in  such  a  manner  as  will  enable  him  to  carry  out 
all  critical  measurements  within  the  photometric  zone  referred  to. 
With  the  equipment  which  has  been  described,  this  may  be  effected 
readily  by  the  adjustment  of  layer  thickness. 

In  the  outer  portions  of  the  visible  spectrum,  in  which  sensitivity 
is  relatively  poor,  better  results  are  obtained  with  more  intense  illumi- 
nation. For  this,  and  other  reasons,  it  may  occasionally  prove  advan- 
tageous to  replace  the  heterogeneous  light  source  with  a  mercury  or 
helium  vacuum-tube  lamp  for  work  in  these  regions.  It  is  hardly 
possible  to  obtain  reliable  absorption  values  with  certain  yellow 
dyes  unless  this  is  done. 

The  analyst  should  know  his  dyes.  He  may  obtain  much  informa- 
tion respecting  their  chemical  constitution  and  general  properties 
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from  textbooks  and  color  indices  {52,  53) .  Kayser's  review  of  early 
spectroscopic  investigation  (42)  and  Formanek's  tables  of  technical 
synthetic  dyes  (6)  supply  considerable  detail  on  qualitative  aspects 
of  the  absorption  spectra  of  natural  coloring  matters  and  commercial 
dyes.  Holmes's  tables  (31)  are  intended  to  supplement  these  sources 
and  enable  the  reader  to  obtain  whatever  information  may  be  avail- 
able in  the  literature  on  both  qualitative  and  quantitative  aspects 
of  the  absorption  of  dyes  in  general.  It  will  be  seldom,  however, 
that  the  analyst  will  be  able  to  obtain  definite  information  on  dyes 
Avhich  will  be  thoroughly  adequate  for  his  purposes.  He  should 
know  how  the  spectra  of  individual  dj'es  are  modified  by  various 
conditions ;  on  the  one  hand,  in  order  to  avoid  inadvertent  modifica- 
tions in  absorption  which  may  invalidate  his  results,  and,  on  the  other 
hand,  in  order  to  utilize  sucK  modifications  in  various  applications. 
He  will  find  it  necessary,  in  general,  to  obtain  such  information  for 
himself. 

The  visual  method  compares  favorably  in  accuracy  and  reliability 
with  photoelectric  and  thermoelectric  methods  over  the  greater  por- 
tion of  the  visual  spectrum  (9).  Photoelectric  methods  are  some- 
what more  satisfactorv  in  the  extreme  violet  and  thermoelectric 
methods  m  the  extreme  red. 

In  the  practical  applications  of  spectrophotometric  data  described 
subsequently  it  will  be  noted  that  the  critical  values  employed  for 
the  most  part  are  ratios.  Their  validity  is  conditioned  upon  rela- 
tive accuracy  in  two  measurements,  rather  than  upon  absolute  ac- 
curacy of  measurements  in  general.  It  is  believed  that  this  factor 
Avill  render  the  employment  of  the  methods  less  influenced  by  the 
type  of  equipment  employed  and  by  the  personal  equation  than  would 
otherwise  be  the  case. 

THE  INFLUENCE  OF  CONDITIONS  UPON  ABSORPTION 

It  is  advisable  to  discuss  the  influence  Avhich  various  conditions 
exert  ui:)on  the  absorption  spectra  of  dyes  before  taking  up  any  of 
the  specific  practical  applications  which  may  be  made  of  such  spec- 
tra. The  principal  factors  Avhich  require  consideration  are  (1) 
solvent,  (2)  dye  concentration,  (3)  temperature,  (4)  colloidal  state, 
and  (5)  hydrogen-ion  concentration. 

SOLVENT 

The  earliest  investigators  recognized  that  the  absorption  spectra 
of  colored  solutes  were  affected  by  solvents  even  when  the  solvents 
themselves  were  colorless.  It  was  found  that  absorption  bands  of 
dyes  occupied  somewhat  different  spectral  locations,  in  general,  with 
eacli  solvent  employed  in  their  examination.  The  rule  was  formu- 
lated by  Kundt  {4o)  that  bands  shift  toward  the  region  of  longer 
wave  length  with  increasing  refractive  indices  in  solvents.  The  con- 
troversy which  ensued  over  the  validity  of  this  genei-nlization  and 
its  possible  inlerpretiition  is  reviewed  and  discussed  by  Kayser  (-^iv^). 

Kundt's  rule  has  subsequently  been  thoroughly  discredited.  The 
recorded  instances  in  wliich  the  bands  of  dyes  imdergo  displacement 
in  the  opposite  direction  to  that  postulated  e(pial  or  outnumber  those 
of  conformity  to  the  rule.     Even  among  the  instances  in  which  the 
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behavior  of  dyes  is  in  qualitative  accordance  with  Kimdt's  rule,  the 
degree  of  displacement  with  changes  in  solvent  varies  greatly  with 
different  dyes.  The  uniformity  which  would  result  if  purely  physi- 
cal factors  were  operative  is  lacking  in  a  conspicuous  degree. 

The  influence  of  chemical  factors  upon  the  phenomenon  in  ques- 
tion, on  the  other  hand,  is  readily  apparent.  Thus,  Meek  {47)  has 
shown  that  the  spectral  position  of  the  band  of  alizarin-cyanine  in 
organic  solvents  is  influenced  by  the  chemical  nature  of  the  solvents, 
and  Holmes  (16)  has  pointed  out  that  a  definite  correlation  exists 
between  the  displacement  of  dye  bands  with  change  in  solvents  and 
the  constitutional  variations  in  dyes. 

The  solvents  considered  in  the  last-mentioned  instance  were  water 
and  alcohol.  Dyes  undergoing  band  displacement  in  the  direction 
of  longer  wave  length  in  passing  from  aqueous  to  alcoholic  solutions 
were  termed  "  alcopositive  " ;  those  exhibiting  the  reverse  behavior, 
"  alconegative."  It  was  shown  that  a  variety  of  types  of  substitu- 
tions in  dyes  exert  a  definite  influence  upon  their  behavior  in  the 
respect  in  question,  with  the  effect  depending,  in  some  measure,  upon 
the  structure  of  the  parent  substance  and  upon  the  position  in  which 
substitution  occurs.  The  effect  of  substitution  within  the  amino 
groups  in  particular  is  clearly  defined  with  dyes  of  a  variety  of  con- 
stitutional types.  Alkylamino  substitution  exerts  an  alconegative 
effect  in  diphenylmethane,  triphenylmethane,  rhodamine,  azine, 
oxazine,  and  thiazine  derivatives,  whereas  arylamino  substitution 
operates  in  the  contrary  manner. 

It  was  suggested  that  these  phenomena  may  find  explanation 
through  the  hypothesis  that  the  absorption  of  dyes  depends  primarily 
upon  the  distribution  of  their  residual  affinities,  and  that  with  solu- 
tions of  dyes  the  interplay  of  residual  aifinities  of  solute  and  solvent 
results  in  rearrangements  of  affinity  within  the  dye  molecule  whereby 
their  absorption  is  modified. 

It  is  a  logical  deduction  from  this  constitutive  hypothesis  that  the 
behavior  of  dyes  with  change  in  solvent  should  prove  highly  individ- 
ual. This  is  found  to  hold  true.  It  appears  very  probable  that  the 
absorption  of  two  dyes  is  never  modified  in  precisely  the  same  man- 
ner and  degree  in  passing  from  one  solvent  to  another.  In  instances 
in  which  this  may  appear  to  occur  it  seems  probable  that  actual  dif- 
ferences exist  which  are  too  slight  for  recognition  by  available  means. 
In  general,  appreciable  differences  are  observed.  Advantage  is  taken 
of  that  circumstance  in  differentiating  between  dyes.  When  dyes 
have  practically  identical  absorption  maxima  in  one  solvent  it  is 
often  found  that  a  resort  to  other  solvents  will  develop  sufficient 
differences  in  maxima  locations  to  make  it  possible  to  distinguish 
between  them. 

The  normal  displacements  of  dye  bands  with  changes  in  solvents 
are  relatively  small,  in  most  instances  amounting  to  5  or  10  m/t. 
When  extreme  displacements  of  bands  occur  it  appears  probable  that 
radical  intramolecular  changes  have  taken  place  involving  definite 
valence  rearrangements. 

The  displacements  of  absorption  bands  with  change  in  solvent  are 
usually  accompanied  by  modifications  in  the  intensity  of  absorption. 
In  passing  from  dilute  aqueous  solutions  to  dilute  alcoholic  solutions 
of  rosaniline  chloride,  for  example,  the  dye  maximum  not  only  shifts 
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from  approximately  542  to  548  m^,  but  the  extinction  coefficients  of 
the  solutions  at  their  maxima  increase  by  approximately  25  per  cent. 

It  appears  probable  tliat  such  modifications  in  intensity  of  absorp- 
tion may  be  attributed,  primarily,  to  the  same  rearrangement  in 
residual  affinities  of  the  dyes  which  has  been  held  responsible  for  the 
shifting  of  the  band.  In  numerous  instances,  however,  the  operation 
of  other  factors  may  be  recognized.  Changes  in  solvents  may  modify 
tautomeric  equilibria  between  dj^e  forms  or  effect  alterations  in  their 
state  of  molecular  aggregation.  In  either  instance  the  dye  spectrum 
undergoes  a  corresponding  modification. 

In  the  specific  instance  cited,  for  example,  a  careful  examination 
of  al)sorption  curves  reveals  the  fact  that  in  aqueous  solutions  of  the 
dye  a  small  proportion  of  the  dye  is  present  in  an  orange  form  and 
that  in  alcoholic  solutions  the  dye  exists  entirely  in  the  (normal)  red 
form.  It  is  evident  that  a  part  of  the  increase  in  absorption  at  the 
dye  maximum,  observed  in  passing  from  aqueous  to  alcoholic  solu- 
tion, is  due  to  the  effect  of  the  change  in  solvent  upon  the  equilibrium 
between  the  tautomeric  forms  of  the  dye.     (P.  11.) 

In  this  particular  instance  it  appears  improbable  that  colloidal 
change  is  a  contributory  factor.  It  is  found  that  a  variety  of  other 
salts  of  rosaniline,  including  the  bromide,  iodide,  nitrate,  sulphate, 
oxalate,  citrate,  and  benzoate,  behave  in  an  analogous  manner.  They 
have  a  common  molecular  absorption  in  water,  on  the  one  hand,  and 
a  different  common  molecular  absorption  in  alcohol,  on  the  other 
hand.  It  appears  improbable  that  such  dissimilar  compounds  should 
all  be  equally  colloidal  in  any  given  solvent,  and  the  conclusion  ap- 
pears warranted  that  they  all  give  true  solutions  in  both  water  and 
alcohol,  at  all  events  at  the  great  dilutions  employed  in  spectro- 
photometric  examinations.  All  the  solutions  in  question,  moreover, 
are  spectrophotometricalh^  stable.  Their  solutions  give  no  indication 
of  alteration  in  absorption  on  prolonged  standing. 

In  the  transition  from  solution  in  water  to  solution  in  chloroform, 
liowever,  these  same  dye  salts  behave  quite  differently.  Fresh  solu- 
tions of  rosaniline  chloride,  bromide,  and  iodide  in  chloroform 
absorb  about  8  per  cent  more  light  than  do  their  aqueous  solutions, 
whereas  fresh  solutions  of  rosaniline  acetate  and  benzoate  absorb 
al)out  15  per  cent  less  light  than  corresponding  aqueous  solutions. 
The  chloroform  solutions  are  unstable  in  each  instance,  and  the 
absorption  of  the  acetate  and  benzoate  solutions  decreases  more 
rapidly  than  does  that  of  the  chloride,  bromide,  and  iodide  solu- 
t  ions.  It  seems  evident  that  all  these  solutions  are  distinctly  colloidal, 
and  that  the  acetate  and  benzoate  solutions  are  decidedly  more  col- 
loidal than  are  the  solutions  of  the  other  salts  referred  to. 

Colloidal  phenomena  with  dye  solutions  are  discussed  subse(]uently. 
(P.  14.)  I'hey  frequently  influence  (he  changes  in  absorption  which 
result  from  a  change  in  solvent.  Tn  all  quantitative  apj^lications  of 
spectrophotometry,  maximum  molecular  dispersion  is  favorable  to 
accuracy,  and  consideration  must  be  given  to  the  selection  of  solvents 
which  are  favorable. 

DYE   CONCENTRATION 

The  fundanicntal  basis  of  all  coloi-inietry  is  formulated  in  Beer's 
law  (/)  which  states  in  effect  that  (he  intensity  of  color  (and  absorp- 
( ion )  in  the  solution  of  a  colored  solute  is  directly  proportional  to  the 
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solute  concentration.  This  law  has  been  tested  in  innumerable  investi- 
gations with  many  solutes  and  solvents  and  found  relatively  unre- 
liable in  a  large  proportion  of  instances,  and  the  causes  of  its  failure 
have  been  the  subject  of  endless  controversy.  In  the  following  discus- 
sion the  consideration  of  its  application  will  be  confined  to  dye 
solutions. 

Dyes  are  most  commonly  examined  and  analj^zed  in  aqueous  solu- 
tion. It  is  found  that  comparatively  few  dyes  conform  rigidly  to 
Beer's  law  over  any  ver}^  extensive  range  of  variation  in  concentration 
in  aqueous  solutions,  and  the  behavior  of  man}^  dyes  is  decidedly 
anomalous  over  even  limited  ranges  of  dilution.  Such  abnormalities 
in  behavior  were  formerly  attributed  to  electrolytic  or  hydrolytic 
dissociation,  solvation,  or  molecular  aggregation  of  solute  particles. 
It  seems  probable,  however,  that  molecular  tautomerism  is  more  fre- 
quently the  most  important  factor  concerned. 

One  common  type  of  dye  in  particular  is  susceptible  of  altera- 
tion of  an  extreme  order.  It  has  been  shown  by  Holmes  (lo)  that 
aminated  d3^es  of  a 
large  variety  of  consti-  --^"^ 
tutional  classes  undergo 
radical  modifications 
of  absorption  spectra 
with  change  in  concen- 
tration in  aqueous  solu- 
tion. The  typical  phe- 
nomenon is  one  of  pro- 
gressive transition  be- 
tween two  definite 
bands  of  widely  sepa- 
rated spectral  location. 
It  may  be  illustrated 
by  a  graph  showing 
the  absorption  of  Nile 

blue  2B  at  various  dilutions.  (Fig.  4.)  Analogous  data  have  been 
obtained  with  more  than  100  other  aminated  dyes. 

Such  dyes  apparently  exist  in  two  different  structural  forms.  Of 
these  forms  one  exists  in  the  solid  dye,  and  the  second  is  found  in 
alcoholic  solutions  irrespective  of  the  dye  concentration  of  the  solu- 
tion. In  aqueous  solutions  both  forms  are  found  in  a  state  of  equi- 
librium, which  alters  as  the  solutions  undergo  dilution. 

The  equilibria  appear  practically  unaffected  by  variation  in  tem- 
perature, hydrogen-ion  concentration,  or  neutral  salt  concentration. 
They  are  decidedly  affected,  however,  by  the  addition  to  the  aqueous 
solutions  of  a  variety  of  organic  substances  which  have  diverse  chem- 
ical characteristics  but  have  the  common  attribute  of  unsaturation 
{27).  The  influence  of  such  substances  appears  to  increase  with  the 
degree  of  their  unsaturation.  Thus,  the  effect  of  allyl  alcohol  is 
greater  than  that  of  isopropyl  alcohol,  and  the  effect  of  m-phenylene- 
diamine  greater  than  that  of  its  hydrochloride.  In  a  general  way 
these  substances  exert  the  same  influence  upon  aqueous  solutions  of 
the  dyes  as  does  simple  aqueous  dilution. 
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Figure  4. — Absorption  spectra  of  >Jilo  blue  2B  at  various 
aqueous  dilutions  :  A,  665  mg  of  dye  per  liter  (0.043-cm 
layer)  ;  B,  20  mg  of  dye  per  liter  (1-cm  layer)  ;  C, 
0.8  mg  of  dye  per  liter   (20-cm  layer) 
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It  seems  probable  that  this  phenomenon  is  another  instance  in 
which  the  interphiy  of  residual  affinity  in  solute  and  solvent  results 
in  affinity  rearrangements  within  the  solute  molecule.  The  modifi- 
cation in  absorption  is  so  considerable,  in  general,  that  a  definite 
readjustment  in  valence  arrangement  seems  indicated.  A  hypoth- 
esis, which  need  not  be  discussed  here,  has  been  suggested  respecting 
the  nature  of  this  readjustment  {23). 

It  is  obvious  that  these  phenomena  are  of  practical  as  well  as  of 
theoretical  interest.  Tlie  dilution  ranges  in  which  they  occur  often 
coincide  with  the  working  ranges  in  colorimetric  practice.  In  such 
instances  they  invalidate  Beer's  law  and  give  rise  to  anomalous 
results.  In  any  application  of  spectrophotometry  to  aqueous  dye 
solutions,  the  analyst  should  bear  in  mind  the  possible  interference 
which  may  arise  from  this  source.  Practical  means  of  obviating  the 
difficulty  are  discussed  on  page  28, 

The  influence  of  constitutional  factors  in  dj^es  upon  the  phenom- 
enon of  the  modification  of  their  spectra  with  the  dilution  of  their 
aqueous  solutions  is  clearly  evident.     Substitutional  variations  in 
dyes  may  decidedly  influence  their  behavior  in  the  respect  in  ques- 
tion.   Crystal  and  ben- 
^^i    1    1    rn    I    I    I    I    I    I    1    \    I    I    I    I    \    I    I     zyl  violets   supply   an 

excellent  illustration 
(21).  The  measurement 
of  dilution  effects,  ac- 
cordingly, may  some- 
times serve  as  a  valua- 
ble means  of  differen- 
tiating between  similar 
dyes. 

TEMPERATURE 


,^i?<? 


eso 


FiGi'RE  ."». — Absorption  spectra  of  Erie  violet  3R  in  aque- 
ous solution  (80  parts  per  million)  ;  A,  solution  pre- 
pared with  cold  water;  B,  same  solution  after  heating 


When  Erie  violet  3R 
(NAC)  is  dissolved  in 
cold  water  the  result- 
ing solution  is  heterogeneous,  containing  preponderant  proportions 
of  blue  and  of  violet  components  in  addition  to  the  dye  proper,  which 
is  red.  If  the  solution  is  then  heated,  however,  or  if  alcohol  is  added, 
the  blue  and  violet  com])onents  are  completely  transformed  into  the 
dye  proper  and  can  not  be  regenerated  subsequently  (i^).  (Fig.  5.) 
It  is  believed  that  the  blue  and  violet  substances  are  intermediate 
comjiounds  in  the  foniiation  of  tlie  true  dye.  Analogous  effects  of  a 
less  extieme  order  have  been  observed  with  certain  other  azo  dyes, 
but  this  type  of  irreversible  alteration  has  not  been  reported  with 
dyes  of  other  classes. 

It  is  ])i'<)l)al)ly  very  seldom  that  the  heating  of  a  dye  solution  results 
in  actual  'decomposition  of  the  dve.  Dve  manufacturers  warn  their 
customers  to  exercise  caution  in  resorting  to  heating  in  the  piepara- 
tion  of  solutions  of  basic  dyes,  but  the  basic  dyes  of  some  classes 
a])poin-  to  be  very  stable  to  liont.  AVilh  l)asic  dyes  (vf  other  classes, 
ho\ve\er,  the  molecule  is  sus('e|)tihle  to  attack  at  its  substituted  amino 
groups.  Dealkylation  may  occur  at  these  })oints,  and  amino  groups 
may  even,  in  some  instances,  be  replaced  by  hydroxyl  groups.  These 
transformations  pioceed  very  slowh^,  except  under  distinctly  alkaline 
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conditions,  but  are  considerably  accelerated  by  heating.  Probably 
few  basic  dyes  would  undergo  any  appreciable  degree  of  alteration 
of  this  type  in  the  ordinary  course  of  preparing  their  solutions  by 
heating,  but  it  is  doubtless  advisable  to  bear  that  possibility  in  mind. 

Only  one  dye  which  finds  any  extensive  application  is  notably 
unstable  to  heat.  Auramine  undergoes  hydrolysis  very  readily  in 
aqueous  solutions,  particularly  under  acid  conditions  (-5-5) .  Solutions 
of  auramine  should  never  be  warmed. 

Sheppard  has  observed  a  very  striking  type  of  temperature  effect 
with  photosensitizing  dyes  of  the  cyanine  group  {5Jf).  Increase  in 
temperature  gave  rise  to  a  progressive  transition  between  one  dye 
band  in  one  portion  of  the  spectrum  and  a  different  band  in  a  widely 
separated  location.  This  alteration  was  accompanied  by  changes  in 
the  state  of  solute  aggregation  and  w^as  completely  reversible,  the 
original  characteristics  of  the  solution  being  restored  when  the  solu- 
tions were  cooled.  This  reversible  type  of  behavior  does  not  appear 
to  have  been  noted  with  dyes  of  other  classes. 

Radical  alterations  of  dye  spectra,  however,  whether  of  irreversible 
or  reversible  type,  are  rarely  observed  in  varying  the  temperature  of 
dye  solutions.  In  general,  temperature  exerts  only  very  minor  effects 
upon  the  absorption  of  dyes, 

G.  and  H.  Kriiss  (44)  point  out  that  decided  changes  in  tempera- 
ture may  give  rise  to  appreciable  errors  through  their  effect  upon 
the  optical  constants  of  spectrophotometric  equipment.  With  Bremer 
{2)  they  investigated  the  effect  of  considerable  variations  in  temper- 
ature upon  the  absorption  of  some  20  dyes.  They  observed  small 
displacements  in  the  spectral  location  of  bands,  occurring  in  both 
directions  and  averaging  less  than  3  niju,  over  the  extreme  temperature 
range  of  60°  C,  and  they  also  noted  appreciable  effects  upon 
absorption  intensities, 

Gibson,  McNicholas,  Tyndall,  Frehafer,  and  Mathew^son  (-9) 
obtained  relatively  uniform  data  with  five  food  dyes  which  indicate 
a  decrease  in  absorption  over  the  range  between  25°  and  40°  C.  of 
approximately  2.1  per  cent.  (Aqueous  expansion  over  this  range 
w^ould  account  for  about  0.5  per  cent  of  the  decrease.)  An  opposite 
effect  was  noted  w4th  light  green  SFY,  which  may  probably  be 
attributed  to  other  factors.  Their  data  give  little  or  no  indication 
of  band  displacements.  They  concluded  that  such  temperature  effects 
as  might  be  met  with  in  ordinary  practice  would  be  insufficient  to 
result  in  any  appreciable  inaccuracies  in  the  spectrophotometric 
examination  of  the  dyes  in  question. 

This  conclusion  is  supported  by  a  limited  number  of  data  obtained 
at  this  laboratory,  principally  with  azo  dyes.  It  seems  probable  that 
the  typical  temperature  effect  is  a  small  decrease  in  absorption  unac- 
companied by  any  decided  band  displacement.  The  minor  variations 
in  temperature  incidental  to  ordinary  practice  may  probably  be  dis- 
regarded, even  when  solvents  are  employed  with  higher  coefficients 
of  expansion  than  that  of  water. 

In  spectrophotometric  applications  with  indicators,  however,  the 
influence  of  temperature  change  upon  the  dissociation  constants  of 
the  indicators  should  be  borne  in  mind,  and  variations  in  temperature 
minimized. 
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COLLOIDAL  STATE 

The  hypothesis  of  Stenger  {55)  that  radical  alterations  in  the 
spectral  position  of  absorption  bands  may  be  attributed  to  variations 
in  the  size  of  the  physical  molecule  does  not  appear  tenable  in  the 
instance  of  dyes. 

Radical  modifications  of  absorption  spectra  have,  indeed,  been 
found  to  accompany  changes  in  the  state  of  molecular  aggregation  in 
some  instances.  Apart  from  the  phenomena  observed  with  dj^es  of 
the  C3^anine  group,  already  referred  to  (p.  13),  the  instance  of 
indigotine  monosulphonate  (7^)  may  be  cited.  Such  radical  modifi- 
cations of  absorption  as  those  are  seldom  found  associated  with 
colloidal  change.  It  is  evident  that  the  alteration  in  both  absorption 
and  in  colloidal  state  in  such  instances  must  be  attributed  to  molec- 
ular tautomerism  or  some  other  factor. 

It  was  shown  by  Pihlblad  {ol)  in  a  study  of  five  selected  dyes 
under  a  variety  of  conditions  which  influence  colloidal  state,  in  which 

spectrophotometric  data  were  corre- 
lated with  ultramicroscopic  measure- 
ments, that  the  spectrophotometric 
criterion  of  increasing  molecular  ag- 
gregation is  a  symmetrical  flattening 
of  the  absorption  band,  in  which  the 
maximum  is  depressed  and  the  lower 
slopes  broadened,  without  appreciable 
displacement  of  the  band  or  of  its 
maximum.  The  same  conclusion  was 
reached  by  Holmes  {15)  in  the  course 
of  an  investigation  of  dilution  effects 
with  aqueous  solutions  of  many  dyes. 
Typical  curves  in  illustration  of  this 
effect  are  given  in  Figure  6. 

Tlie  influence  which  the  solvent 
may  have  upon  the  colloidal  state  of 
dye  solutions  (p.  10)  has  been  dis- 
cussed. 

Dj^e  concentration  may  influence 
colloidal  state  in  a  decided  degree. 
An  extreme  instance  has  been  re- 
ported {28)  in  which  the  absorption  of  an  aqueous  solution  of  rosani- 
line  phenolate  increased  by  about  2S  per  cent  on  dilution  with  an 
equal  volume  of  water,  instead  of  decreasing  by  50  per  cent,  as 
would,  of  course,  be  anticipated  tlirough  the  normal  operation  of 
Beer's  law.  It  seems  probable,  liowever,  that  with  dyes  in  general 
such  variations  in  dye  concentration  as  are  incident  to  ordinary 
spectrophotometric  technic  will  seldom  exert  any  appreciable  effect 
ii])on  the  state  of  solute  aggi'cgation. 

Neutral  salts  may  modify  the  s])ectra  of  dyes  through  their  effect 
upcm  the  colloidal  state  of  the  solutions.  Typical  effects  are  illus- 
trated in  Fignr<'  7.  The  salt  effects  recorded  are  innnediate  ones. 
Much  uioie  decided  effects  are  observed  upon  the  prolonged  standing 
of  the  solutions. 

The  effect  of  such  (juantities  of  inorganic  salts  as  may  be  found 
associated  with  dyes  in  commercial  products  will  be  negligible,  owing 
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Figure  6. — Effoct  of  dilution  on  the 
absorption  sp<'ctra  of  aqueous  solu- 
tions of  iwntacyl  green  S  :  A,  Very 
dilute  solutions ;  B,  concentrated 
solutions 
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to  the  gTeat  dilutions  at  which  spectrophotoiiietric  examinations  of 
dye  sohitions  are  carried  out.  When,  however,  the  use  of  buffered 
sohitions  is  resorted  to  for  the  purpose  of  regulating  the  hydrogen- 
ion  concentration  the  dye  spectra  may  sometimes  be  affected  to  an 
appreciable  degree. 

HYDROGEN-ION   CONCENTRATION 

Most  dyes  are  stable  within  the  zone  of  approximate  neutrality. 
Nearly  all  dyes,  however,  are  modified  in  constitution,  color,  and 
absorption  by  sufficient  concentrations  of  either  acids  or  alkalies. 
They  are,  accordingly,  potential  indicators  of  hydrogen-ion  concen- 
tration, although  few  of  them  possess  exceptional  qualifications  for 
practical  application  as  indicators. 

The  behavior  of  dyes  with  acids  and  alkalies  is  influenced  by  their 
general  structural  features  and  their  specific  minor  constitutional 
variations.     Even  minor  variations  in  dyes  frequently  give  rise  to 

decided  difference  in 
their  dissociation 
ranges.  The  meas- 
urement of  the  effect 
of  suitable  regulated 
variations  in  hydro- 
gen-ion concentra- 
tion upon  the  ab- 
sorption of  dyes,  ac- 
cordingly, is  often  of 
great  service  in  en- 
abling the  analyst  to 
distinguish  between 
them.     (P.  19.) 

The  question  of 
the  advisability,  or 
necessity,  of  buffer- 
ing solutions  of  dyes 
intended  for  spectro- 
photometric  exami- 
nation, in  order  to 
insure  a  definite  hydrogen-ion  concentration,  is  one  which  may,  per- 
haps, give  rise  to  considerable  difference  of  opinion.  It  is  doubtless 
necessary  to  "  regulate  "  the  solutions  of  some  dyes  in  that  manner 
{17).  In  other  instances  it  is  unnecessary  and  entails  unfavorable 
effects.  The  authors  prefer  to  prepare  dye  solutions  in  general  for 
spectrophotometric  examination  without  the  addition  of  buffer  agents 
and  to  regulate  solutions  of  only  such  dyes  as  have  been  found 
to  be  distinctly  influenced  by  minor  variations  in  hydrogen-ion  con- 
centration within  the  zone  of  approximate  neutralitv. 

It  may  sometimes  prove  decidedly  advantageous  to  resort  to  defi- 
nite acid  or  alkaline  conditions  in  the  examination  of  dye  solutions 
in  order  to  transpose  absorption  bands  in  the  spectrum."  This  may 
enable  the  analyst  to  carry  out  measurements  in  a  spectral  region 
in  which  vision  is  more  sensitive  than  it  is  in  the  region  in  which 
he  would  have  to  make  his  measurements  on  neutral  solutions  of 
the  same  dye. 
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Figure  7. — Effect  of  potassium  chloride  ou  tlie  absorption 
spectra  of  aqueous  solutions  of  night  blue  (dye  concen- 
tration =1  part  in  50,000  parts  water)  :  A.  In  distilled 
water  ;  B,  with  0.5  per  cent  potassium  chloride ;  C,  with 
1  per  cent  potassium  chloride 
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THE  IDENTIFICATION  OF  DYES 

The  practical  dye  tester  relies,  in  part,  upon  such  systematic 
chemical  schemes  as  that  of  Green  {10)  and  in  part  upon  such  re- 
actions and  alterations  in  color  with  chemical  reagents  as  are  cited 
by  Schultz  {53)  or  the  Colour  Index  {52)  for  the  identification  of 
dyes.  He  usually  has  a  comprehensive  collection  of  dye  samples 
available  for  direct  comparison,  and  may  sometimes  resort  to  com- 
parative dyeings  as  a  final  step  in  his  method.  He  often  acquires 
great  proficiency  in  the  rapid  identification  of  the  majority  of  dyes 
of  principal  textile  importance. 

The  differentiation  obtained  by  such  means,  however,  is  approxi- 
mate rather  than  precise.  Even  when  color  reactions  are  carried 
out  under  well-regulated  conditions  (v*^),  they  frequently  yield  re- 
sults which  resemble  so  closely,  as  far  as  unaided  visual  observation 
is  concerned,  those  of  closely  related  dyes,  that  they  fail  to  accom- 
plish the  desired  purpose.  In  customary  usage  they  prove  notably 
ineffective.  The  average  dye  tester  finds  it  difficult  or  impossible  to 
distinguish  between  methyl  and  crystal  violets,  for  example,  or  be- 
tween guinea  green  B  and  light  green  SFY.  His  rough  identifica- 
tions may  prove  sufficient  for  his  immediate  practical  requirements. 
They  are,  however,  inadequate  for  scientific  purposes. 

The  resort  to  more  elaborate  chemical  methods  of  identification  is 
seldom  entirely  effective.  Chemical  methods  usually  enable  the 
analyst  to  distinguish  readily  between  dyes  which  differ  radically  in 
structure,  but  do  not  ordinarily  afford  any  decisive  differentiation 
betw^een  products  wdiich  differ  only  in  minor  constitutional  aspects. 
With  dyes  in  general  a  more  positive  identification  may  be  obtained 
readily  by  spectroscopic  means  than  is  possible  by  relatively  labori- 
ous chemical  investigation. 

With  azo  dyes  only  may  the  superiority  of  spectroscopic  methods 
of  identification  be  ojien  to  question.  The  absorption  spectra  of  azo 
dyes,  as  a  class,  are  somewhat  less  distinctive  than  those  of  other 
dyes  in  general,  while  an  exceptionally  effective  means  of  chemical 
investigation  is  a])plicable  with  azo  dyes.  They  may  be  bi-oken  down 
into  their  component  parts  by  reduction,  yielding  the  intermediates 
em))loyed  in  their  manufacture  or  simple  derivatives  of  tliose  inter- 
mediates. The  identification  of  these  scission  products  will  serve, 
in  turn,  to  identify  the  dyes  from  which  they  were  dei-ived.  Holmes 
{20)  has  suj^plied  a  digest  of  such  data  as  ai'e  available  for  the  pur- 
pose. The  ability  to  identify  a  few  hundred  amino  derivatives, 
accordingly,  will  qualify  the  analyst  to  identify  positively  a  vast 
number  of  azo  dyes. 

Altliough  this  method  is  one  of  great  ])()ssible  utility,  it  ai)])ears 
somewliiit  doubtful  whetlier  it  will  find  very  extensive  employment. 
Both  the  isolation  of  the  reduction  products  in  a  suitable  condition 
for  identification,  and  their  subs(>(|uent  positive  identification  will 
fi-equently  jiroNC  difficult.  The  labor  involved  and  the  technical 
ability  I'ecjuiicd  seem  likely  to  restrict  the  general  use  of  this  nu^thod. 

There  are  in(rnalions  that  tliis  reduction  method  for  azo  dyes  may 
eventually  (levelo|),  in  large  measure,  into  one  of  indii'ect  specti'o- 
scopic  examination.  One  of  the  best  general  means  of  identifying 
the  reduction  products,  and  one  which  is  increasing  in  favor,  con- 
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sists  of  converting  them  into  azo  dyes  b}'  coupling  them  with  suit- 
able intermediates,  and  identifying  the  resulting  dyes  with  the  spec- 
troscope. Peter,  Mayer,  Wegemann,  and  Marshall  (J)  and  Brun- 
ner  (4)  supply  considerable  data  suitable  for  that  purpose  in  some 
of  the  most  important  recent  contributions  to  the  analysis  of  azo 
dyes. 

The  direct  examination  of  azo  dyes  b}^  spectroscopic  methods  is 
far  less  difficult  anil  laborious  than  is  the  resort  to  reduction  meth- 
ods. It  is  probably  nearly  as  effective  and  reliable  in  most  instances. 
It  would  appear  preferable,  except  in  instances  in  which  it  has  been 
found  to  be  ineffectual  or  in  which  the  requisite  spectroscopic  data 
are  unavailable  and  unobtainable. 

With  the  dyes  of  other  groups,  spectroscopic  methods  almost  in- 
variably prove  much  superior  to  chemical  methods  in  respect  both 
to  convenience  and  decisiveness.  They  have  the  added  advantage 
of  being  applicable  to  extremel}'^  minute  quantities  of  material. 

Spectroscopic  methods  may  be  either  spectroscopic,  in  the  re- 
stricted sense  of  the  term,  or  spectrophotometric. 

THE  SPECTROSCOPIC  METHOD 

The  spectroscopic  method  of  dye  identification  was  developed  by 
Formanek  {6)  through  comprehensive  study  of  the  light  absorption 
of  dye  solutions  extending  over  years. 

The  general  characteristics  of  the  spectra  of  dyes,  together  with 
the  manner  in  which  they  underwent  modification  with  changes  in 
conditions,  were  found  to  depend  upon  the  more  fundamental  struc- 
tural aspects  of  dyes.  Distinct  minor  variations  in  absorption  were 
found  with  even  minor  constitutional  variation,  and  usually  they 
proved  sufficiently  definite  to  enable  the  analyst  to  distinguish  be- 
tween even  closely  related  dyes. 

In  examining  dyes  the  general  type  of  spectrum  and  the  influ- 
ence upon  it  of  solvent  and  dilution  were  noted.  The  locations  of 
absorption  maxima  were  determined  with  great  care  with  a  var- 
riety  of  solvents  and  conditions.  Vat  dyes  were  investigated  in 
xylol,  tetralin,  sulphuric  acid,  and  sulphuric-boric  acid.  Certain  of 
these  solvents  were  found  useful  in  the  examination  of  dyes  of  other 
classes,  but  with  dyes  in  general  the  observations  were  usually  car- 
ried out  on  neutral,  slightly  acid,  and  slightly  alkaline  solutions 
in  water,  ethyl  alcohol,  amyl  alcohol,  and  90  per  cent  acetic  acid. 

Part  I  of  Formanek's  work  (in  collaboration  with  E.  Grandmougin 
and  subsequently  with  J.  Knop)  is  concerned  primarily  with  descrip- 
tions of  equipment  and  technic  and  discussions  of  such  matters  as  the 
correlation  of  color  and  constitution.  Subsequent  sections  consist 
largely  of  compilations  of  data  and  incidental  information  for  hun- 
dreds of  dj^es  of  commercial  grades.  Sections  I  and  II  of  Part  II 
deal  with  soluble  green,  blue,  and  red  dyes  in  general;  Section  III 
with  yellow  dyes,  and  Section  IV  with  vat  dyes.  Within  each  gen- 
eral category  the  subtabulation  is  based  upon  the  general  type  of  the 
absorption  spectrum  and  its  behavior  with  changes  in  conditions. 

In  identifying  a  dye  of  unknown  character  with  the  aid  of  For- 
manek's tables,  the  spectroscopist  determines  the  subtable  in  which  it 

105764°— 32 3 


18         TECHNICAL  BULLETIN"    310,   U.   S.   DEPT.   OF   AGRICULTURE 

should  be  found,  and  compares  the  absorption  maxima  of  his  un- 
known sample  with  those  of  the  various  known  dyes  recorded  in  it. 
If  his  values  are  in  close  agreement  with  those  of  a  known  dye,  he  is 
justified  in  concluding  that  the  two  dyes  are  identical  beyond  reason- 
able doubt. 

The  value  of  the  recorded  data  for  purposes  of  identification  neces- 
sarily varies  with  different  dyes.  The  spectra  of  the  dyes  of  some 
classes  are  much  less  characteristic,  in  general,  than  are  those  of  other 
classes.  Individual  d^'es  are  encountered,  irrespective  of  dye  class, 
more  particularly  among  yellow,  brown,  or  black  products,  which 
absorb  light  in  a  manner  which  is  practically  devoid  of  distinctive 
features.  In  most  instances,  however,  Formanek's  data  are  reason- 
ably satisfactory  for  the  purpose  in  view. 

The  comprehensive  character  of  the  tables  may  be  emphasized. 
It  is  inevitable  that  such  compilations  can  not  be  completely  ex- 
haustive, as  new  dyes  are  constantly  appearing  on  the  market.  It  is 
comparatively  seldom,  however,  that  dyes  are  met  with  in  practice 
which  are  not  to  be  found  in  Formanek's  tables. 

The  Formanek  system  of  identification  is  both  rapid  and  con- 
venient in  operation.  The  proportion  of  dyes  with  which  it  proves 
useless  or  seriously  ineffective  is  relatively  small,  as  is  that  of  dyes 
with  wdiich  the  data  necessary  for  its  application  have  not  been  pro- 
vided. It  is  unquestionably  the  most  valuable  means  available  at 
present  for  identifying  the  majority  of  dyes  with  comparative  ease 
and  certainty. 

The  principal  objections  which  can  be  advanced  against  the  For- 
miinek  spectroscopic  method  are  that  it  places  nearly  complete  re- 
liance upon  precise  determinations  of  absorption  maxima  and  that 
the  differences  in  location  between  maxima  in  closely  related  dyes  are 
often  too  small  to  serve  as  an  entirely  satisfactory  means  of  differentia- 
tion. The  precise  determination  of  maxima,  moreover,  is  a  matter  of 
considerable  difficulty,  in  which  the  results  obtained  may  be  influenced 
by  the  type  of  equipment  used,  by  the  technic  employed,  and  by  the 
personal  equation.  Commercial  products,  finally,  frequently  contain 
varying  proportions  of  subsidiary  coloring  matters  which  may 
modify  their  maxima  in  some  degree. 

The  analyst  will  fre(|uently  find  tliat  his  data  on  samples  of  known 
identity  do  not  conform  exactly  wnth  the  data  of  Formanek's  tables. 
He  can  not  rely  implicitly,  accordingly,  upon  a  comparison  of  his 
values  with  those  of  Formanek  as  a  means  of  definitely  establishing 
the  identity  of  his  samples  of  unknown  character. 

THE  SPECTROPHOTOMETRIC  METHOD 

Tlie  spectrophotoinetric  method  of  dye  identification  was  devel- 
oped in  the  Color  and  Farm  Waste  Division  in  the  hope  and  expecta- 
tion of  reducing  the  uncertainties  referred  to. 

Constitutional  variation  in  dyes  influences  not  only  the  posititm  of 
their  bands  hut  also  the  manner  in  whicli  their  spectra  undergo 
alteration  with  changes  in  solvent,  hydrogen-ion  concentration,  dilu- 
tion, and  other  conditions.  The  degree  of  such  alteration  in  conse- 
quence of  delinite  modification  in  conditions  is  cliaracteristic  for 
indivi<hi:il  dyes.  Tt  may  he  determincil  by  measuring  extincti<m 
coellicients  ai  suitable  wave  lengths,  and  nuiy  be  expressed  in  tei-ms 
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of  the  ratio  of  such  coefficients.  In  the  spectrophotometric  method 
such  ratios  are  employed  to  supplement  data  on  absorption  maxima, 
and  are  usually  found  to  afford  a  much  more  decisive  means  of  dis- 
tino;uishing  between  similar  dyes  than  are  maxima. 

The  method  has  been  tested  w'ith  a  oroup  of  closely  related  dyes 
of  the  patent  blue  type  {J3)  with  one  of  basic  fuchsines  (19)  and 
with  one  of  basic  triphenylmethane  violets  (21). 

It  may  be  illustrated  by  means  of  the  following  condensed  tabula- 
tion of  data  (Table  1)  obtained  with  certain  of  the  more  closely 
related  acid  dyes  of  the  patent  blue  class. 

Table  1. — Spectrophotoiiictric  constants  of  diics  of  the  patent  hliie  type 


X'  in— 

Ratio  of  E  at  X  i— 

With  0. 1  per 

Dye 

91  per 
cent  al- 

Neutral 
aqueous 

Alkaline 
aqueous 

In  concen- 
trated 
aqueous 
solution 
to  E  at  X 
in  dilute 
aqueous 
solution 

cent 

NaOH 

(after 

standing) 

to  E  at  X 

in  neutral 

aqueous 

solution  of 

same  dve 

With  2  per 
centH2S04 

to  E  at  X 
in  neutral 

aqueous 

cohol 

solution 

solution 

solution  of 
same  dye 
concentra- 
tion 

concentra- 

tion 

Patent  blue  A  (C.  I.  No.  714) 

mil 
630 

Vlli 

637.5 

TTl/u 

627.5 

0.76 

0.58 

0.30 

Patent  blue  V  (C.  I.  No.  712) 

630 

637.5 

627.5 

.98 

.85 

Q) 

Alphazurine  A  3 

630 

637.5 

637.5 

.77 

m 

.24 

Xylene  blue  AS  (C.  I.  No.  763) 

630 

637.5 

637.5 

.79 

(^) 

.315 

Xylene  blue  VS  (C.  I.  No.  672) 

632.5 

640 

640 

.97 

.21 

{') 

Alphazurine  20  3 

631 

640 

639 

.96 

.34 

i?) 

Alphazurine  (C.  I.  No.  671) 

628 

630 

630 

.81 

(0 

.37 

'  X  denotes  the  wave  length  of  maximum  absorption. 

2  Nil. 

3  Alphazurine  A  and  alphazurine  2(i  have  ethylbenzyl  and  diethyl  substitutions,  respectively,  at  the 
amino  groups  and  a  2,5-disulpho  substitution  in  their  nonaminated  nuclei. 

The  values  of  the  second,  third,  and  fourth  columns  are  ap- 
proximate absorption  maxima  of  the  dyes  in  (1)  alcoholic,  (2) 
neutral  aqueous,  and  (3)  alkaline  aqueous  solutions.  Those  of  the 
last  three  columns  are  spectrophotometric  ratios,  or  ratios  of  ex- 
tinction coefficients  at  suitable  wave  lengths  measured  under  definite 
variations  in  conditions.  Their  variations  in  value  afford  a  quanti- 
tative index  of  alteration  in  the  dyes  under  those  conditions. 
The  values  in  column  5  are  affected  by  tautomeric  alteration  in  the 
dyes  resulting  from  measured  variation  in  dye  concentration.  Those 
in  column  6  measure  resistance  to  decolorization  by  alkali,  the  re- 
corded data  indicating  the  proportion  of  the  d3'e  wdiich  withstands 
the  effect  of  0.1  per  cent  of  sodium  hydroxide  over  an  extended 
period.  Those  in  column  T  indicate  the  proportions  of  dye  which 
withstand  immediate  conversion  into  yellow  polyacidic  derivatives 
with  2  per  cent  sulphuric  acid.  The  original  paper  should  be  con- 
sulted for  further  detail. 

The  general  principle  of  such  ratio  application  may  be  clarified 
by  a  more  detailed  illustration  of  the  significance  of  the  values  re- 
corded in  column  7.  The  curves  of  Figure  8  enable  the  reader  to 
visualize  the  effect  of  acid  upon  pontacyl  blue  A  (wdiich  is  identical 
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with  the  xylene  blue  AS  referred  to  in  Table  1).  The  effect  of  2 
per  cent  sulphuric  acid  is  measured  by  dividing  the  extinction  co- 
efficient of  an  acid  (2  per  cent)  solution  of  the  dye  at  637.5  ni/x,  by  the 
extinction  coefficient  of  a  neutral  solution  containing  the  same 
quantity  of  dye  at  the  same  wave  length.  The  other  dyes  of  the 
group  undergo  analogous  transformations,  but  their  degree  of  trans- 
formation at  any  definite  hydrogen-ion  concentration  is  different. 

It  is  of  interest  to  note  that  such  constitutional  variation  as  is 
found  in  this  group  of  dyes  has  a  decidedly  greater  effect  upon  the 
general  properties  and  behavior  of  the  dyes  than  upon  their  color. 

The  utility  of  the  ratios  for  dif- 
ferentiation arises  from  that  cir- 
cumstance. 

Although  any  constitutional 
variation  doubtless  exerts  some 
influence  upon  the  position  of 
the  band  in  the  spectrum,  the 
effects  in  these  instances  are  rela- 
tively small.  Leaving  out  of  con- 
sideration alphazurine  FG.  which 
differs  from  the  remaining  dyes 
in  both  the  nimiber  and  nuclear 
position  of  its  sulphonic  acid 
groups,  it  will  he  seen  that  the 
absorption  maximum  is  but  little 
affected  by  (1)  variation  in  the 
relative  position  of  sulphonic 
groups  within  the  nonaminated 
nucleus,  by  (2)  the  introduction 
of  a  hydroxjd  group  therein,  or 
even  by  (3)  the  type  of  amino 
substitution  ;  that  is,  whether  the 
diethyl  or  the  ethylbenzyl  substi- 
tution is  involved. 

On  the  other  hand,  the  influ- 
ence of  these  constitutional  fac- 
tors is  plainly  evident  in  the  ratio 
values.  Upon  dilution  the  dyes 
with  diethyl  amino  substitution  behave  very  differently  from  those 
with  ethylbenzyl  substitution.  Their  ratios  (four)  range  from  0.96 
to  0.98  as  against  a  range  of  0.76  to  0.79.  They  are  also  decidedly 
more  stable  to  alkali  and  less  stable  to  acids.  The  introduction  of 
a  liydi'oxyl  gi-oiip  into  the  nonaminated  nucleus  confers  indicator 
ju-operties.  It  lias  little  ell'ect  upon  stability  to  acids  but  increases 
stability  to  alkali  materially.  Within  the  nonaminated  nucleus  the 
2,4-disuIi)ho  substitution  is  more  stal)l('  (o  acidity  and  less  so  to 
alkalinity  than  is  (he  2.r)-disnli)ho  substitution. 

AVitli  these  dyes  the  ordinai'V  <-heinical  methods  of  differentiation 
are  ])ractically  useless.  Identification  on  the  basis  of  absorption 
maxima  alone  is  also  unsatisfactory.  It  would  probably  j^rove  both 
(iinicuH  and  unfcitain  even  for  an  expert  provided  with  the  most 
favorable  equipment  for  the  jMirpose. 
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Figure  8. — EflPect  of  snlpliuric  acid  upon 
pontiicyl  brilliant  blue  A  :  A,  40  parts  of 
dye  per  1,000.000  parts  of  water;  B,  100 
parts  of  dye  nor  1,000,0(10  in  1  per  cnit 
snlpliuric  acid  ;  C,  KH)  pai'ts  of  dye  per 
1.000.0(10  in  '1  per  cent  sulphuric  acid;  I>, 
100  parts  of  dye  per  1,000.000  in  4  per 
cent  sulpluiric  acid 
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The  value  of  the  recorded  ratios  for  differentiating  between  the 
various  dyes  will  be  obvious.  Xylene  blue  VS  may  be  distinguished 
from  alpliazurine  2G  by  means  of  its  behavior  under  alkaline  con- 
ditions, alphazurine  A  from  xylene  AS  through  its  behavior  under 
acid  conditions,  and  patent  blue  A  and  V  behave  very  differently 
with  both  alkalies  and  acids  as  w^ell  as  upon  mere  dilution.  In  each 
of  these  instances  it  is  extremely  difficult  to  distinguish  wdth  any 
certainty  between  the  dye  pairs  referred  to  by  means  of  absorption 
maxima  alone. 

Such  ratios  may  be  determined  with  relative  ease  and  substantial 
accuracy  with  any  tj'pe  of  spectrophotometer,  and  the  results  ob- 
tained are  independent  in  large  measure  of  the  equipment  employed, 
of  the  t^chnic  followed,  and  of  the  skill  of  the  analyst.  There  can 
be  no  doubt  that  they  will  be  found  a  very  valuable  aid  in  the 
identification  of  dyes  in  general,  and  will  frequently  afford  a  more 
reliable  and  precise  differentiation  between  similar  dyes  than  is  pos- 
sible by  other  means. 

ABSORPTION  RATIOS 

There  are  definite  limitations  to  the  accuracy  with  which  it  is 
jjossible  to  determine  the  locations  of  absorption  maxima  on  the  basis 
of  a  mere  direct  comparison  of  extinction  coefficients.  The  analyst 
determines  that  the  maximum  must  lie  between  certain  limits,  say, 
between  540  and  550  n\fi.  It  is  seldom,  however,  that  the  spectrum 
is  sufficiently  well  defined  to  enable  him  to  state  positively  that  the 
maximum  falls  at  a  definite  wave  length,  say  at  545  niju,.  The  heads 
of  dye  bands  are  usually  somewhat  flat.  In  most  instances  in  which 
he  reports  a  value  of  545  he  is  by  no  means  sure  that  the  true  value 
may  not  be,  rather,  544  or  546  m/^.  In  some  instances  even  less 
definite  conclusions  are  possible. 

In  applying  the  spectrophotometric  method  of  identification  to 
basic  violets  of  the  triphenylmethane  group  {21),  determinations 
of  maxima  w^ere  supplemented  by  determinations  of  a  spectropho- 
tometric ratio  of  a  t3'pe  different  from  those  hitherto  referred  to. 
Wave  lengths  were  selected  on  opposite  slopes  of  the  bands  of  the 
dyes  and  ratios  of  extinction  coefficients  of  solutions  at  these  points 
obtained.  Although  the  conditions  chosen  in  that  particular  instance 
were  not  ideal  for  the  purpose,  it  was  found  that  the  ratios  obtained 
provided  a  much  better  means  of  distinguishing  between  the  dyes 
in  question  than  did  the  dye  maxima. 

The  term  ••'  absorption  ratio  "  was  adopted,  subsequently,  for  a 
ratio  of  this  type.  It  may  be  defined  as  the  ratio  of  the  extinction 
coefficients  of  a  solution  of  a  colored  substance  at  two  specific  wave 
lengths.  If  the  wave  lengths  in  question  are  selected  on  opposite 
sides  of  the  absorption  maximum,  the  absorption  ratio  defines  the 
spectral  location  of  the  absorption  band.  If  they  are  selected  on 
the  same  side  of  the  maximum  (as  may  be  necessary  in  visual  meas- 
urements on  yellow  dyes)  the  absorption  ratio  defines  the  gradient 
of  the  slope  of  the  band  within  the  region  of  measurements.  The 
slope  of  an  absorption  band  is  usually  less  characteristic  than  its 
spectral  location. 

The  application  of  the  absorption  ratio  may  be  seen  by  reference 
to  Figure  9. 
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The  curves  represented  are  related  in  the  manner  wliich  is  usual 
between  curves  of  dyes  of  similar  structure  which  differ  only  in 
minor  constitutional  aspects.  Dyes  A,  B,  and  C  ma}^  be  distin- 
guished by  their  maxima,  which  are,  respectively,  590,  595,  and 
600  ni/u,.  They  may  also  be  distinguished  on  the  basis  of  absorption 
ratios.  If  the  ratio  adopted  be  that  of  extinction  coefficients  of 
their  solutions  at  580  m^u,  to  those  at  610  iu/a,  the  ratio  values  of  A,  B, 
and  C  will  be  found  to  be.  respectively,  0.88,  1.13,  and  1.48.     The 

range  of  variation  in  absorption 
ratio  values  is  much  greater 
than  that  in  maxima  values. 

In  the  particular  instance  il- 
lustrated it  would  not  be  diffi- 
cult to  differentiate  between  the 
dyes  on  the  basis  of  their  max- 
ima, but  the  heads  of  the  bands 
of  ch^es  are  sometimes  so  poorly 
defined  that  it  may  be  difficult 
to  distinguish  between  maxima 
even  when  bands  are  as  widely 
separated  as  those  illustrated. 
Even  when  dealing  with  dj^es 
which  have  clean-cut  spectra, 
the  maxima  method  has  definite 
limitations.  If  the  existence  of 
a  fourth  dye,  D,  be  assumed,  the 
band  of  which  lies  1  m/x  farther 
toward  the  region  of  longer 
wave  lengtlis  than  does  that  of  dye  B,  it  is  evident  that  its  maximum 
Avill  fall  at  596  m^  and  that  it  will  be  difficult  or  impossible  to  dis- 
tinguish between  it  and  that  of  dye  B  with  any  certainty.  Its  ab- 
sorption ratio  value,  however,  will  be  1.20,  which  can  be  distinguished 
readily  from  1.13,  the  ratio  value  of  dye  B. 

Holmes  and  Peterson  (-?//)  have  tested  the  value  of  absorption 
ratios  as  a  means  of  identification  in  an  investigation  of  90  dyes 
employed  in  biological  staining.     (Table  2.) 

Table  2. — Absorption   ratio  of  vdrious  dt/cs    {3S) 


,f^o  seo  sso 


<««? 


FiGCKE   9. — Representative   absorption    spec- 
tra of  closely  related  dyes 


Dye 


Fluorescein  (sodium  salt). 

Aurainin... 

IVIartius  yellow... 

Oranue  O 

Kesorcin  yellow 

("hrysoiilin  Y 

f'hrysoidin  K 

Sudan  I 

Hisinark  tirown  Y 

Orange  II 

Orantje  IV 

Hisniark  brown  K.. 

Conijo  red. 

i'uriiurin  4B. 
Vital  rod 


folor 

Index 

No. 


766 

655 

0 

27 

148 

20 

21 

24 

331 

151 

143 

332 

370 

448 

•156 


Solvent  I 


-1-5  drops  1  i)er  cent  NajCOj. 


I      m/i 


95  iier  cent  alcohol.. 
+io  drops'eN.HCi." 


Wave 
lengths 


>  600,  530 


Absorp- 
tion 
ratio  ' 


Hfi.  h 

■m.  0 

21.0 
5.  46 
3.61 
2.83 
2.63 
2.49 
2.20 
1.95 
1.75 
1.58 
1.22 
1.  19 
1.  17 


See  footnotes  end  of  table. 
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Table  2.~-Ah><ori)fioii  ratio  of  rarious  dyes   (33) — Continued 


Dye 


Sudan  III 

Crystal  ponceau 

Biebrich  scarlet 

Orange  I 

Fast  red  A 

Methyl  orange 

Sudaii  IV --. 

Erie  garnet  B 

Bordeaux  B 

Dibromonuorescein 

Mercuroclirome. ...■- 

Eosin 

Janus  red 

A  maranth 

Eosin  B 

Phenosafranin 

Erythrosin 

Safranin 

Pliloxin  B 

Methyl  eosin 

Ethyl  eosin 

Neutral  red 

IMethylene  violet  2R 

Rhodamin  S 

Pararosanilin 

Neutral  violet 

Magenta  II 

Rosanikn 

Acid  fuchsin 

Pyronin  G 

Rhodamin  Q 

New  fuclisin 

Rhodamin  B 

Pyronin  B 

Rose  Bengal  3B 

Alizarin  red  S 

Alizarin 

Chrome  black  F 

Magdala  red 

Meldola's  blue 

Methyl  violet 

Iris  violet 

Benzyl  violet 

AnUin  blue  (spirit  soluble) 

Crystal  violet 

Nigrosin  (water  soluble) 

Ethyl  violet 

Thionin 

Cresyl  violet  (Griibler) 

Anilin  blue  (water  soluble) 

Trypan  blue 

Niagara  skv  blue 

Methyl  blue 

Methylene  violet  (Bernthsen). 

Indigotin 

Victoria  blue  B 

Night  blue 

Cresylblue  (NAC) 

Malachite  green 

Fast  green  FCF 

Guinea  green  B 

Brilliant  green 

New  methvlene  blue  N 

Cresvl  violet  (NAC) 

Tolu'idin  blue  O 

Light  green  SFY 

Methyl  green 

Nile  blue  A 

Methylene  green 

Janus  green 

Nile  blue  2B 

Methylene  blue 

Thionin  blue 

■    Capri  blue  GON 


Color 

Index 

No. 


248 
89 
280 
150 
176 
142 
258 
375 


768 
266 
184 
771 
840 
773 
841 
778 
769 
770 
825 
842 
743 
676 
826 


692 
739 
750 
678 
749 
741 
779 
1034 
1027 
299 
857 
909 
680 
847 
683 
689 
681 
865 
682 
920 


Solvent  1 


95  per  cent  alcohol. 


1  per  cent  Na2C03- 


+10  drops  6N.HC1_ 
95  per  cent  alcohol.. 


+5  drops  1  per  cent  NasCOs- 

do 

do 


Wave 
lengths 


Absorp- 
tion 
ratio  2 


m^i 


.  500,530 


j-  505, 535 
610,  540 


+5  drops  1  per  cent  NaaCOs. 
+5  drops  1  per  cent  Na2C03- 


+5  drops  1  per  cent  NaaCOs. 

do 

do - 

+5  drops  acetic  acid 


+5  drops  acetic  acid. 
95  per  cent  alcohol... 


707 
477 
520 
706 


+5  drops  1  per  cent  NazCOa. 

N.  NaOH 

do 


515, 545 


1180 
729 
731 

877 
657 


666 
662 
927 


925 
670 
684 
913 
924 
133 
914 
922 
926 
876 


■  530,  560 

540, 570 
545, 575 
560, 590 

'  575,  605 


■  590,620 
605,  635 

•  620, 650 

635, 665 
650,  680 


1.10 

1.04 

1.00 

1.00 

.97 

.97 

.94 

.94 

.88 

3.84 

2.83 

.93 

1.  12 

1.07 

1.41 

1.13 

1.04 

1.02 

.97 

.96 

.86 

.75 

.61 

1.51 

1.13 

1.05 

.96 

.89 

.81 

.80 

.78 

.76 

.58 

.52 

.92 

1.21 

.81 

.94 

.90 

1.  13 

1.405 

1.29 

1.  14 

1.08 

1.065 

1.01 

.91 

1.44 

'  1.20 

1.08 

1.08 

.99 

.97 

.835 

.79 

1.18 

1.04 

.90 

.83 

.76 

.72 

1.51 

1.21 

1.16 

1.04 

.98 

.91 

.90 

1.12 

.97 

.93 

.59 

.51 

1.27 


'  Unless  otherwise  specified,  the  solvent  used  was  50  per  cent  water  and  50  per  cent  of  95  per  cent  alcohol. 
Any  addition  to  the  standard  solvent  is  indicated  by  +. 

^  The  absorption  ratio  vv'as  calculated  by  dividing  the  extinction  coefficient  obtained  at 
the  shorter  wave  length  specified  by   that  obtained   at  the  longer  wave   length. 
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In  general,  the  solvent  employed  was  50  per  cent  water  and  50 
per  cent  of  95  per  cent  alcohol.  (P.  29.)  (As  was  to  be  anticipated, 
the  ratios  proved  less  satisfactory  when  dealing  with  yellow,  orange, 
or  brown  dyes  than  with  dyes  of  other  colors,  and  loss  satisfactory 
with  azo  dyes  than  with  the  dyes  of  other  classes.  The  accuracy  with 
which  they  could  be  determined  depended,  naturally,  vipon  relative 
visual  sensitivity  within  the  region  in  which  it  was  necessary  to 
undertake  the  measurements.  Under  the  least  favorable  conditions 
encountered  results  varied  by  as  much  as  1  or  2  per  cent,  but  an 
excellent  agreement  in  values  was  generally  obtained. 

It  was  found  that  absorption  ratios  alone  were  ample  for  the  pur- 
pose of  diti'erentiating  betAveen  the  dyes  investigated,  and  unques- 
tionably they  provide  an  exceptionally  convenient  and  valuable 
means  for  identifying  dyes  in  general,  although  it  maj^  prove  ad- 
visable to  resort  to  other  methods  for  corroborative  evidence. 

With  some  of  the  dyes  examined,  different  samples  from  different 
sources  proved  substantially  uniform.  With  numerous  dyes,  how- 
ever, different  samples  gave  some  diversity  in  values.  Obviously 
the  nature  of  the  absorption  ratio  is  such  that  its  values  with  any 
given  dye  will  usually  be  affected  by  the  presence  of  other  dyes. 
Most  commercial  dyes  contain  varying  proportions  of  subsidiary 
coloring  matters  which  have  ratio  values  decidedly  different  from 
that  of  the  dye  with  which  they  are  associated.  Such  color  impuri- 
ties modify  the  ratio  values  of  the  dyes  with  which  they  occur  in  a 
degree  corresponding  with  the  proportion  in  which  they  are  present. 

It  might  appear  that  this  circumstance  would  invalidate  the  use 
of  absorption  ratios,  or  would  at  least  detract  seriously  from  their 
practical  utility  for  purposes  of  identification.  It  seems  probable, 
however,  that  the  proportion  of  subsidiary  dyes  will  seldom  be  large 
enough  to  obscure  the  identity  of  the  principal  dye.  The  differences 
in  ratio  values  between  different  dyes  are  so  considerable,  in  general, 
that  the  danger  of  erroneous  conclusions  is  small.  The  analyst  will 
usually  recognize  the  dye  with  Avhich  he  is  dealing  and  realize  that 
he  has  to  do  with  an  al)normal  sample  of  that  dye. 

The  same  circumstance,  on  the  other  hand,  is  of  great  service  to 
the  discriminating  analyst  who  is  interested  in  the  nature  of  his 
samples,  apart  from  the  mere  identity  of  the  principal  dye  present. 
The  absorption  ratio  is  an  excellent  criterion  of  dye  purity,  in  the 
restricted  sense  of  i)urity  from  contamination  with  other  coloring 
matters.  The  deviation  of  values  may  frequently  enable  the  analyst 
to  estimate  the  proportion  of  subsidiary  dyes  present  within  some- 
what nai-row  limits.      (P.  34.) 

A  sini|)I('  absoi-ption  ratio,  accordingly,  whii'h  may  be  determined 
easily  within  a  few  minutes,  is  not  only  an  effective  means  for  estab- 
lishing the  identity  of  dyes,  but  at  the  same  time  it  may  also  furnish 
fonsidcrablc  information  respect ino-  their  pni'ity.  which  could  be 
obtained  by  othci'  means  only  with  dillicuhy.  if  at  all. 

Absorption  ratios  have  also  been  found  n['  \;ilnc  as  a  criterion  of 
dye  purity  in  the  synthesis  and  ])urification  of  dyes  in  the  Color  and 
Farm  Wnstc  Division.  Tliey  may  l»i'  determined  readily  witli  matei'ial 
at  any  |)oint  in  the  process,  an<l  they  enahk'  the  chemist  to  follow 
the  course  of  his  o])erations  intelligently.  If  recrystallization  effects 
the  removal  of  a  subsidiary  dye,  for  example,  the  absorj)tion  ratio 
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will  indicate  that  fact  and  will  also  inform  the  chemist  when  the 
elimination  of  the  impurity  in  question  has  been  made  as  complete 
as  is  possible  by  the  means  employed.  No  other  criteria  are  as  easy 
to  apply  for  the  purpose  or  have  as  wide  a  ran<»:e  of  application. 
It  will  be  obvious  that  the  methods  of  d3^e  identification  outlined 
are  applicable  not  only  with  dyes  but  also  with  a  great  variety  of 
colorless  substances  which  are  of  such  a  character  as  will  enable  the 
analyst  to  convert  them  readily  into  colored  substances.  The 
phenols,  as  a  class,  supply  an  excellent  illustration.  They  were  con- 
verted into  phthalein  dyes  by  Gsell  {H)  and  by  Formanek  and 
Knop  (7);  into  azo  dyes  by  Palkin  and  Wales  (-5(9,  67),  and  into 
indophenols  by  Gibbs.^  In  each  instance  spectroscopic  means  were 
employed  to  identify  the  resulting  dyes.  Their  identification  serves, 
in  turn,  to  identify  the  phenols  used  in  their  preparation. 

THE  SPECTROPHOTOMETRIC  EVALUATION  OF  DYES 

INDIVIDUAL   DYES 

The  emplojanent  of  the  spectrophotometer  for  the  quantitative 
estimation  of  dyes  is  very  simple  in  theory.  The  Bunsen  extinction 
coefficients  of  any  dye  solution  vary  in  direct  proportion  with  the 
concentration  of  dye.  Wlien  standard  absorption  data  have  once 
been  obtained  on  solutions  containing  a  known  concentration  of  a  dye 
the  analyst  can  determine  readily  the  concentration  of  other  solutions 
of  that  dye  (in  the  same  solvent)  on  the  basis  of  comparison  of  its 
absorption  data. 

This  statement  is  completely  valid,  of  course,  only  in  instances  in 
which  the  normal  operation  of  Beer's  law  is  the  sole  determining 
factor.  It  has  already  been  pointed  out  that  a  variety  of  other 
factors  may  be  encountered  in  general  practice  which  influence  the 
absorption  of  dyes.  It  is  obvious  that  these  may  give  rise  to  ap- 
preciable erroi-s  in  the  evaluation  of  dyes  unless  the  technic  followed 
and  the  conditions  provided  are  such  as  wiil  preclude  such  a 
possibility. 

The  first  requirement  for  spectrophotometric  analysis  is  that  of 
standard  data.  In  some  instances,  perhaps,  the  analyst  ma}^  be 
concerned  merely  with  relative  values,  as  is  the  practical  dye  tester. 
In  general,  however,  he  will  require  absolute  data.  It  is  impossible 
to  calculate  the  extinction  coefficients  which  solutions  of  a  given 
dye  will  have.     They  have  to  be  determined  experimentally. 

Although  some  data  are  available  in  the  literature  on  the  quanti- 
tative absorption  of  certain  dyes,  they  seldom  can  be  relied  upon, 
unfortunately,  for  purposes  of  quantitative  analysis.  Even  when 
otherwise  adapted  for  analytical  needs,  they  are  usually  supplied 
with  so  little  information  respecting  j^urity  of  material  and  precise 
technic  that  the  analyst  can  not  feel  assured  of  their  dei)endability 
or  of  the  exact  conditions  which  their  use  demands.  It  is  always 
advisable,  and  it  is  usually  necessary,  for  him  to  obtain  his  own 
standard  data  in  order  to  insure  reliable  results. 

The  first  requisites  for  that  purpose  are  samples  of  known  dye. 
Absolute  purity  is  seldom  attainable,  nor  is  it  necessary.  The  pres- 
ence of  moisture,  inorganic  salts,  or  colorless  organic  substances  is 

^  Unpublished  investigations. 
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iniintiterial.  The  essential  requirements  are  that  the  sample  shall  be 
substantially  free  from  foreign  coloring  matters  and  that  its  actual 
dye  content  shall  have  been  determined  by  reliable  methods. 

Purification  from  color  impurities  is  obtained  by  recrystalliza- 
ti(m,  separation  with  immiscible  solvents,  or  other  treatments 
adapted  to  the  requirements  of  specific  instances.  The  results  of 
such  treatments  may  be  folloAved  with  the  spectrophotometer.  Sub- 
stantial freedom  from  color  impurities  may  be  assumed  wdien  fur- 
ther treatment  ceases  to  modify  the  precise  form  of  the  spectrum. 
More  simply,  it  is  indicated  by  a  constant  absorption  ratio.     (P.  21.) 

The  dye  content  of  samples  should  usually  be  determined  by  means 
of  titration  with  a  standard  titanous  chloride  solution  {4'3).  This 
reduction  method  is  applicable  with  most  dyes  and  is  exceptionally 
convenient.  The  presence  of  such  foreign  substances  as  are  ordi- 
narily found  associated  with  dyes  is  immaterial.  The  reduction 
method  is  direct,  requiring  no  preliminary  standardization  in  opera- 
tion. It  is  seldom  that  other  chemical  methods  of  dye  analysis  are 
equally  suitable  or  satisfactory,  although  it  may  prove  advisable  or 
necessary  to  resort  to  them  in  specific  instances. 

If  resort  is  made  to  other  chemical  methods  of  analysis  it  is  well 
to  make  certain  that  the  dye  samples  with  which  they  are  employed 
are  free  from  interfering  substances.  The  experience  of  Holmes  and 
Peterson  {JS)  with  neutral  red  and  the  pyronines  may  be  cited. 
With  these  dyes,  which  can  not  be  evaluated  by  the  reduction  method, 
it  was  found  that  all  available  samples  contained  appreciable  pro- 
portions of  organic  dye  intermediates,  which  invalidated  results 
obtained  by  otlier  chemical  methods.  In  order  to  obtain  material  of 
known  dye  content  it  was  necessary  to  eliminate  these  organic  im- 
purities. This  was  effected  by  repeated  crystallization.  The  ma- 
terial w^as  analyzed  and  examined  with  the  spectrophotometer  after 
each  crystallization,  and  the  results  of  chemical  analysis  were  ac- 
cepted as  reliable  only  when  a  constant  ratio  had  been  obtained 
between  extinction  coefficients  and  apparent  dye  content  as  indicated 
by  chemical  means. 

It  is  obvious  that  the  method  emidoyed  in  obtaining  standard  data 
should  be  the  same  as  that  which  is  used  subsequently  in  the  evalu- 
ation of  the  same  dye.  It  is  improbable  that  any  analyst  would 
deliberately  employ  different  solvents  in  the  two  instances.  It  is, 
however,  quite  possible  that  he  might  minimize  the  necessity  for 
uniformity  in  seemingly  immaterial  details  of  practice.  Minor  de- 
tails of  numipulation  are  of  little  consequence  when  dyes  give  true 
solutions  in  the  solvents  employed.  When  dyes  have  decided  col- 
loidal tendencies  in  the  solvents  used,  however,  minor  variations  in 
mani[Milalion  may  frc(|uently  lead  to  appreciable  variations  in 
results. 

Let  us  suppose,  for  example,  that  it  is  intended  to  evaluate  a  dye 
on  the  l)asis  of  its  extinction  cocnicicMits  in  M)  p(M-  cent  alcohol.  With 
coUoidal  dyes  it  will  be  found  that  the  abs()r[jtion  values  of  their 
solutions  may  differ  decidedly  de[)eiuling  u])on  whether  (1)  a  stock 
solution  is  prepared  in  50  per  cent  alcohol  and  diluted  with  the  same 
solvent,  oi-  ('J)  an  a(|U(M)us  solution  is  made  up  and  diluted  with  alco- 
hol, or  (;>)  an  alc<)li()lic  solution  is  nuule  up  and  diluted  with  water. 
It  may  also  be  found  that  different  values  are  obtained,  depending 
upon  whether  or  not  a  resort  is  made  to  heating  in  older  to  insure 
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complete  solution  of  dye  in  the  stock  solution.  It  will  be  found, 
finally,  that  it  may  matter  decidedly  whether  the  absorption  readings 
are  taken  immediately  after  the  preparation  of  the  solutions  or  some- 
what later,  for  example,  over  the  week-end. 

In  such  instances  the  physical  state  of  the  freshly  prepared  solu- 
tion may  vary  considerably  in  accordance  with  the  method  of  its 
preparation.  Physical  readjustment  ensues,  but  may  often  require 
a  period  of  days  or  weeks  for  completion.  It  is  not  feasible  for  the 
analyst  to  wait  until  the  final  state  of  physical  equilibrium  has  been 
reached.  The  only  practicable  course  is  that  of  carrying  out  the  ab- 
sorption measurements  upon  freshly  prepared  solutions,  and  depend- 
ing upon  a  strict  adherence  to  a  rigid  technic  in  their  preparation  to 
insure  uniformity  in  results. 

The  indirect  method  of  preparing  solutions  for  examination  (that 
is,  by  dilution  of  a  stock  solution)  should  be  followed  unless  only 
minute  quantities  of  material  are  available.  With  many  technical 
dye  products  it  is  necessary  to  start  with  several  tenths  of  a  gram  of 
dj^e  in  order  to  insure  obtaining  a  representative  sample. 

The  choice  of  solvent  is  of  the  greatest  importance.  No  single  sol- 
vent, unfortunately,  is  suitable  for  employment  with  all  dyes. 

A  digression  seems  advisable  at  this  point  in  order  to  consider  the 
bearing  which  the  general  character  of  the  analyst's  work  may  have 
upon  his  choice  of  solvent  and  technic. 

If  the  analyst  is  concerned  merely  with  the  evaluation  of  solutions 
of  individual  dyes,  it  will  be  advisable  for  him  to  investigate  the  gen- 
eral question  of  solvent  and  conditions  with  some  care.  The  solvent 
selected  should,  if  possible,  be  one  in  which  the  dye  will  be  completely 
dispersed.  If  any  regulation  of  hydrogen-ion  concentration  is  nec- 
essary or  advisable  the  provisions  adopted  should  be  such  as  will 
allow  of  minor  inadvertent  variation  in  conditions  with  safety ;  that 
is,  the  point  selected  should  lie  within  a  pH  range  in  which  the  dye 
is  chemically  stable.  The  technic  followed  should  be  one  which  has 
been  tested  and  found  to  give  reliable  results  with  the  particular  dye 
in  question. 

If  the  analyst  is  concerned  with  the  analysis  of  dye  mixtures  as 
well  as  with  that  of  individual  dyes,  this  course,  unfortunately,  is  not 
sufficient.  Standard  absorption  data  are  valid  only  when  the  exact 
conditions  under  which  they  were  obtained  are  duplicated.  Mixtures 
of  dyes  can  be  anal3^zed  only  when  standard  data  are  available  which 
have  been  obtained  with  the  component  dyes  of  the  mixture  under 
the  same  conditions  as  are  utilized  in  examining  the  mixture. 

It  is  well,  accordingly,  for  the  analyst  to  obtain  standard  data  on 
dyes  by  two  methods — a  specific  and  a  general  procedure.  The  spe- 
cific method  may  then  be  employed  to  best  advantage  when  the  dye 
is  alone.  The  general  method  will  probably  give  somewhat  less  reli- 
able results,  but  will  enable  the  analyst  to  evaluate  the  dye  when  it 
is  in  dye  mixtures. 

Aqueous  solutions  have  been  employed  somewhat  generally  in  the 
spectrophotometric  evaluation  of  dyes,  but  their  use  has  unques- 
tionably resulted  in  many  inaccuracies.  The  authors  have  pointed 
out  that  many  dyes  undergo  tautomeric  alteration  with  variation  in 
concentration  in  aqueous  solution.  These  alterations  frequently  oc- 
cur over  the  range  of  concentration  within  which  measurements  are 
usually  carried  out  in  analytical  practice.     The  data  of  French  (8) 
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on  aqueous  methylene  blue  solutions  illustrate  the  magnitude  of  er- 
rors which  may  arise  from  this  source. 

It  has  been  customary  in  spectrophotometric  analysis  to  depend 
upon  a  comparison  of  extinction  coefficients  at  or  near  the  dye  maxi- 
mum in  solutions  which  may  differ  decidedly  in  actual  dye  concen- 
tration. The  analyst,  for  example,  has  determined  that  a  1-centi- 
meter layer  of  an  aqueous  solution  of  methylene  blue  containing  10 
milligrams  of  actual  ch^e  per  liter  has  a  certain  extinction  coefficient 
at  673  m/x.  He  measures  the  extinction  coefficient  of  a  1-centimeter 
layer  of  a  second  aqueous  solution  of  the  dye  at  673  m/t  and  finds 
its  ratio  to  his  standard  data  to  be  70 :  100.  He  concludes  that  the 
concentration  of  actual  dye  in  the  second  solution  is  7  milligrams  per 
liter.     In  reality,  however,  it  is  appreciabl}^  less. 

In  this  instance  the  analj^st  is  dealing  with  a  mixture  of  two  dye 
forms,  the  relative  proportions  of  which  are  altered  with  every 
change  in  actual  d3^e  concentration,  rather  than  with  a  single  dj^e 
form.  His  measurements  are  carried  out  in  a  region  in  which  one 
dye  form  absorbs  light  much  more  strongly  than  does  the  other. 
The  relative  proportion  of  the  strongly  absorljent  dye  form  increases 
upon  dilution.  His  extinction  coefficients  have  no  fixed  relation  to 
actual  dye  content.  If  the  solution  he  is  evaluating  is  more  dilute 
than  that  with  which  he  obtained  his  standard  data,  his  results  (in- 
dicated d3'e  contents)  will  be  too  high.  If  he  employs  more  concen- 
trated solutions,  his  results  will  be  too  low. 

There  are  a  variety  of  ways  in  which  this  difficulty  may  be  ob- 
viated. The  analyst  may  adopt  the  principle  of  carrying  out  all 
critical  measurements  at  nearly  identical  concentrations  of  actual 
dye.  This,  however,  would  necessitate  means  whereby  solution  lay- 
ers could  be  varied  and  measured  with  precision,  or  would  involve 
the  repeated  preparation  of  dye  solution.  The  latter  course  is 
inapplicable,  moreover,  when  dealing  with  dye  mixtures.  The 
analyst  may  employ  his  usual  teclniic  and  standardize  his  extinction 
values  against  dye  content  experimentally  over  such  a  working  range 
as  might  be  encountered  in  general  practice;  but  this  course  would 
prove  decidedly  laborious.  He  may  employ  his  usual  technic  with- 
out standardization  by  determining  the  pai'ticular  wave  length  at 
which  both  d\'e  foi'ms  have  the  same  absorption  and  at  Avhicli,  ac- 
cordingly, the  relation  of  the  extinction  coefficient  is  unaffected  by 
variation  in  dye  concenti-ation.  (P.  30.)  Although  data  obtained 
at  this  wave  length  Avould  ])rove  adequate  for  the  evaluation  of  dye, 
it  is  desirable  to  have  reliable  data  at  other  wave  lengths  for  employ 
ment  with  dyo  mixtures. 

The  only  thorougldy  adequate  and  satisfactory  course  appears  to 
be  to  avoid  the  use  of  a(|U(M)us  solutions  in  geiiei-al  })i'actice. 

The  phenomenon  of  tautoniciic  altei'ation  in  dyes  with  clianging 
concentration  is  seldom  encountereil  in  alcohol,  and  alcohol  has  other 
advantages  as  a  solvent.  AVith  acjueous  solutions  of  basic  dyes, 
adsor|)tion  of  dye  base  occuis  on  the  sui'face  of  containing  vessels 
and  absor|)tion  cells  in  varying  degrees,  depending  upon  the  nature 
of  the  i]yv,  the  composition  of  the  glass,  and  other  factors.  With 
JK|U('ous  .solutions  of  safranincs.  foi-  example,  a  10  pei-  cent  decrease 
in  al)sor|)tion  values,  arising  from  this  cause,  has  been  observed 
repeatedly  when  solutions  were  left  in  the  absorption  cells  for  about. 
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45  minutes.  This  type  of  adsorption  is  not  encountered,  or  is 
negligible  in  proportion,  in  alcoholic  solutions. 

The  use  of  90  per  cent  alcohol  has  been  recommended  for  employ- 
ment with  dyes  which  undergo  tautomeric  alterations  in  aqueous 
solution  and  with  basic  dyes  in  general  (25).  It  will  be  found,  how- 
ever, that  50  per  cent  alcohol  is  nearly  as  effective  in  stabilizing  dye 
solution  to  variations  in  dye  concentration  and  in  minimizing  adsorp- 
tion. It  is  decidedly  more  economical  in  use,  and  for  many  dyes 
it  is  probably  even  preferable  to  a  solvent  with  a  higher  content 
of  alcohol. 

The  use  of  50  per  cent  alcohol  has  proved  very  satisfactory  with 
dyes  in  general,  and  the  writers  have  little  hesitation  in  advocating 
its  employment  in  a  general  technic,  intended  for  application  in 
particular  with  dj^e  mixtures.  It  is  suggested  that  it  be  used  both 
for  the  preparation  of  the  stock  solution  and  for  its  dilution.  Al- 
though it  is  an  eifective  solvent  for  most  dyes,  it  may  be  advisable 
to  warm  the  stock  solutions  of  some  dyes  to  promote  solution.  It  is 
suggested,  accordingly,  that  all  stock  solutions  be  warmed  in  their 
preparation  to  insure  uniformity  in  that  respect.  The  addition  of 
buffering  agents  to  insure  a  definite  hydrogen-ion  concentration  is 
not  advocated.  Dyes  dissolve  less  readily  in  buffered  solutions,  and 
their  colloidal  tendencies  are  accentuated  in  them.  Definite  regula- 
tion of  hydrogen-ion  concentration  is  essential  only  with  a  few  dyes. 
It  is  suggested,  finally,  that  in  all  instances  absorption  measure- 
ments be  made  on  the  freshly  prepared  solutions. 

It  will  be  understood  that  this  practice  will  not  prove  suitable  in 
the  examination  of  all  dyes.  It  is  not  advocated  for  use  with  any 
individual  dye,  although  it  will  usually  prove  reasonably  suitable. 
It  is  recommended  only  for  general  use  in  the  field  of  the  analysis  of 
dye  mixtures  in  which  the  use  of  a  single  technic  is  requisite  which 
will  prove  comparatively  reliable  with  dyes  of  many  different 
classes  and  types. 

In  obtaining  standard  absorption  data  it  is  well  to  carry  out  meas- 
urements throughout  the  visible  spectrum.  The  standard  spectrum 
obtained  will  enable  the  analyst  to  detect  the  presence  of  appreciable 
quantities  of  foreign  coloring  matters  when  found  in  future  sam- 
ples, and  will  also  provide  him  with  all  the  data  he  may  require  in 
the  evaluation  of  dye  mixtures.  For  the  analysis  of  individual  dyes 
he  will  require  values  obtained  at  one,  two,  or  three  wave  lengths. 
These  should  be  selected  at  or  near  the  wave  length  of  the  dye 
maximum  rather  than  upon  the  slopes  of  the  absorption  curves,  since 
the  disturbing  influence  of  foreign  dyes,  which  may  be  encountered 
in  practice,  may  prove  more  serious  in  the  latter  instance.  With 
yellow  dyes,  however,  it  usually  will  be  necessary  to  deal  with  band 
slopes.  This  course  may  also  prove  very  advisable  whenever  dye 
maxima  lie  near  the  extremes  of  the  visible  spectrum.  In  such  in- 
stances the  advantage  of  improving  photometric  sensitivity  would 
outweigh  all  other  considerations. 

Although  the  specti-ophotometric  method  of  dye  analysis  is  some- 
what less  accurate  with  some  dyes,  particularly  with  most  yellow 
dyes,  than  is  the  reduction  method  with  titanous  chloride,  it  com- 
pares favorably  with  the  latter  method  with  dyes  in  general.  When 
the  provisions  of  the  technic  are  judicious  it  gives  reliable  results 
with  most  dyes.     It  may  be  employed  with  some  dyes  to  which  the 
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reduction  method  of  evaluation  is  inapplicable.     It  may,  if  neces- 
sary, be  applied  to  extremely  small  quantities  of  material. 

It  is,  perhaps,  unnecessary  to  add  that  the  spectrophotometer  may 
be  utilized  to  considerable  advantage  in  connection  with  man}'  ol: 
the  color  reactions  which  the  analytical  chemist  employs.  A  single 
illustration  will  be  cited.  It  was  recently  shown  that  the  familiar 
turmeric  test  for  boron  could  be  modified  in  such  manner  as  would 
render  it  possible  to  follow  its  operation  with  the  spectrophotom- 
eter, and  the  results  obtained  indicated  that  it  would  prove  possible 
to  detect  thereby  the  presence  of  1  part  of  boron  in  25,000,000  parts 
of  aqueous  solution  (29). 

DYE   MIXTURES 

Spectrophotometric  methods  have  exceptional  utility  in  the  analy- 
sis of  dye  mixtures.  It  has  been  found  possible  to  analyze  certain 
simple  mixtures  of  dyes  on  principles  of  differential  reduction  (22), 
but  the  possibilities  along  such  lines  are  definitely  limited.  In  gen- 
eral, dye  mixtures  can  be  analyzed  by  chemical  means  only  after  the 
separation  of  their  individual  components  has  been  effected,  and 
such  separations  are  usually  very  laborious  and  frequently  relatively 
ineffective.  Spectrophotometric  methods,  on  the  other  hand,  are 
very  convenient  and  have  an  extensive  range  of  application. 

The  extinction  coefficients  of  a  mixture  of  dyes  (when  chemical 
action  between  such  dyes  is  excluded)  is  the  simple  sum  of  those  of 
its  component  dyes.  When  standard  data  have  been  obtained  on  the 
individual  dyes  in  a  mixture  the  analyst  is  equipped  for  the  analy- 
sis of  that  mixture. 

It  is  obvious  that  all  standard  data  must  be  obtained  with  the  same 
solvent  and  technic,  and  the  dye  mixture  examined  under  precisely 
the  same  circumstances  to  obtain  reliable  results. 

It  has  already  been  pointed  out  that  water  is  unsuitable  as  a  sol- 
A'ent  in  the  analysis  of  dye  mixtures,  and  a  provisional  technic  has 
been  outlined,  employing  50  per  cent  alcohol,  which  is  considered 
advisable.     (P.  29.) 

In  obtaining  data  on  individual  dyes  it  is  advisable  to  carry  out 
measurements  throughout  the  visible  spectrum  at  intervals  which  are 
small  enough  to  define  the  dye  spectrum  in  detail.  It  is  advantageous 
to  adopt  a  standard  dye  concentration  for  such  measureuients  or,  at 
all  events,  to  calculate  the  results  to  terms  of  a  connnon  dye  concen- 
tration. Standard  absorption  curves  can  then  be  constructed  on  the 
l)asis  of  a  standard  concentration.  These  will  be  referred  to  as  spe- 
cific absorption  curves.  The  utility  of  such  specific  curves  is  illus- 
trated in  Figure  10. 

These  curves  illustrate  the  fact  that  there  is  a  certain  wave  length 
at  which  the  absorption  of  a  mixture  of  two  dyes  is  unaffected  by 
variations  in  their  relative  proportions.  At  the  point  of  intersection 
of  specific  absorption  curves  of  dyes  the  only  factor  whit-h  inlliiences 
the  absorjition  of  a  mixture  of  those  dyes  "is  that  of  the  total  dye 
(•oncentiation   (2//). 

In  order  to  determine  tlie  total  dye  content  of  a  mixture  of  two 
dyes,  accordingly,  it  is  only  necessary  to  prepare  a  solution  of  ai)pro- 
f)riate  concentration  and  determine*  its  extinction  coeflicient  at  the 
wave  length  of  intersection  of  s|)ecific  curves  of  the  conii)onent  dyes. 
The  ratio  of  the  value  obtained  to  the  corresponding  value  on  the 
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specific  curves  will  be  that  of  the  concentration  of  total  dye  in  the 
solution  under  examination  to  the  standard  concentration  of  dye  em- 
ployed in  obtaininjv  the  specific  data.  The  total  dye  content  of  the 
mixture  may  be  calculated  on  that  simple  basis. 

In  some  instances  this  single  measurement  may  be  all  that  the 
analyst  may  require.  Nothing  further  is  needed,  for  example,  in 
determining  whether  mixtures  of  two  food  colors  comply  with  the 
regulation  of  the  Food  and  Drug  Administration  that  they  shall 
be  labeled  with  a  true  statement  of  total  dye  content.  More  fre- 
quently, however,  the  analyst  will  also  wish  to  determine  the  dye 
content  of  the  individual  components  of  the  mixture.  There  are  a 
variety  of  ways  in  which 
this  may  be  accomplished. 

When  one  of  the  compo- 
nents of  a  dye  mixture  ab- 
sorbs lio;ht  in  a  region  of  the 
spectrum  in  which  the  sec- 
ond component  does  not  (at 
such  dye  concentrations  as 
are  employed  in  the  exam- 
ination of  the  mixture),  it 
is  obvious  that  its  concen- 
tration may  be  determined 
directly  by  means  of  absorp- 
tion measurements  in  that 
region.  In  the  instance 
illustrated  in  Figure  10,  for 
example,  it  would  be  possi- 
ble to  determine  the  concen- 
tration of  dye  B  by  means 
of  measurements  carried  out 
at  610  ni/x. 

Frequently,  however,  the  analyst  may  find  it  necessary  to  depend 
upon  measurements  in  regions  in  which  the  absorption  of  the  dye 
components  overlap.  In  such  instances  he  may  measure  the  extinc- 
tion coefficient  of  the  solution  of  his  mixture  at  the  maxinnnn  of  one 
of  its  components.  The  value  so  obtained  is  reduced  to  specific  con- 
ditions. In  other  words,  he  calculates  what  it  would  be  if  the  total 
dye  concentration  of  the  solution  under  examination  were  the  stand- 
ard dye  concentration  employed  in  obtaining  his  specific  data.  (It 
is  assumed,  of  course,  that  he  has  already  determined  the  total  dye 
concentration  of  his  solution  in  the  manner  previously  outlined  and 
has,  accordingly,  the  data  necessary  for  the  calculation  in  question.) 
The  percentage  of  dye  in  the  mixture  may  then  be  calculated  by 

means  of  the  formula 

^^(V-6j_100 
a—h 
Where  X=the  percentage  of  dye  A  in  the  mixture. 

a  =  the  extinction  coeificient  of  the  specific  curve  of  dye  A 

at  its  maximum. 
Z>  =  the  extinction  coefficient  of  the  specific  curve  of  dye  B 
at  the  maximum  of  dye  A. 
a'==the  extinction  coefficient  of  the  dye  mixture  solution  at 
the  maximum  of  dye  A,  reduced  to  specific  value. 


FiGDRB  10. — Absorption  spectra  of  two  dyes  and 
of  mixtures  of  tliese  dyes  in  whicli  the  total 
dye  concentration  is  tlie  same  as  tliat  of  the 
individual  dye  solutions :  A,  Dye  A,  100  per 
cent ;  B,  dye  B,  100  per  cent ;  C,  75  per  cent 
dye  A  and  25  per  cent  dye  B  ;  D,  50  per  cent 
each  dyes  A  and  B  ;  E,  25  per  cent  dye  A  and 
75  per  cent  dye  B 
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Referring  again  to  Figure  10  it  is  assumed  that  a  solution  of  a 
mixture  of  dyes  A  and  B  is  found  to  have  extinction  coefficients  of 
0.56  and  0.72,  respectively,  at  570  ni/u,  and  550  ni/x.    Then 

0.56 

Then  75  per  cent  of  the  dye  mixture  is  dye  A  and  25  per  cent  dye  B, 

These  values  may  be  checked  by  means  of  further  measurements 
at  other  wave  lengths.  In  the  absence  of  appreciable  quantities  of 
other  dyes,  it  should  be  possible  to  obtain  consistent  results  through- 
out the  spectrum. 

If  the  analyst  prefers,  he  may  establish  the  relative  proportions 
of  dyes  in  simple  mixtures  in  a  different  manner.  He  may  employ 
the  ratio  of  extinction  coefficients  at,  or  near,  the  respective  maxima 
of  the  dj^es  with  which  he  is  dealing.  It  will  be  evident  that  the 
value  of  this  ratio  will  be  unaffected  by  variation  in  total  dye 
content  but  will  be  affected  in  a  decided  degree  by  any  variation  in 
the  relative  proportions  of  the  components.  Having  specific  curves 
of  com]:)onent  dyes  available,  the  analyst  can  calculate  readily  what 
values  this  ratio  will  have  over  the  entire  range  of  variation  in  per- 
centage composition  of  mixtures  of  those  d^^es. 

There  is  probably  little  choice  between  these  two  methods  of 
determining  percentage  composition  of  mixtures  in  general  prac- 
tice. The  analyst  should  make  his  selection  between  them  on  the 
basis  of  their  relative  advantages  and  disadvantages  under  the 
particular  conditions  with  which  he  may  be  concerned. 

These  methods  have  certain  practical  limitations.  They  are  of 
little  value  if  one  of  the  dyes  is  present  in  only  very  small  propor- 
tion. Maximum  accuracy  is  obtained  only  when  the  dyes  involved 
liave  bands  which  are  well  separated  in  spectral  location.  Tliey 
are  very  convenient  to  apply,  however,  and  yield  results,  under 
favorable  conditions,  which  are  accurate  within  about  1  per  cent. 

With  dye  mixtures  containing  three^omponents  the  proportion 
of  instances  in  wliich  accurate  results  may  be  obtained  is  smaller. 
When  the  forms  of  the  specific  curves  are  such  as  preclude  reliable 
measurements  of  the  concentration  of  any  one  or  any  two  of  the 
dyes,  it  becomes  necessary  to  resort  to  complex  calculations,  and 
ajjprociable  cjTors  may  result.  Tender  favorable  circumstances,  how- 
c\'er,  it  may  Ik'  possible  to  obtain  satisfactory  results. 

Having  obtained  standard  specific  absorption  curves  on  three 
such  dyes  the  analyst  may  evaluate  a  mixture  of  them  by  measuring 
E,,  Ej,  and  PI.  at  m/x,,  m/i_..  and  m/i.:i,  where  these  wave  lejiglhs  ropj-e- 
sent  the  maximum  absoi-j^tion  of  the  d3'es  in  question,  A,  B,  and  C, 

respectively. 

Then  it  is  obvious  tliat — 

where  A',,  -V..,  and  -\'.,  ri'present  the  extinction  coefficients  of  (\\i^  A 
at  m/ii,  m/x^,  and  ni/u.^,  and  Y^,  3%,  and  Y^  andZi,  Z^,  and  Z^  represent 


THE   VISUAL   SPECTROPHOTOMETRY   OF   DYES 


33 


the  extinction  coefficients  of  dyes  B  and  C,  respectively,  at  the  same 
respective  wave  lengths.  Inasmuch  as  the  ratios  of  the  values 
of  the  extinction  coefficients  of  each  individual  d3'e  at  m;u,i,  m/xo,  and 
ni/Xg  may  be  calculated  from  the  basic  data  previously  obtained, 
and  are  constant  under  suitable  working  conditions,  it  is  possible  to 
solve  these  equations,  obtaining  values  for  A^,  Xo,  X3,  1\,  Yo,  Y^, 
Zi,  Z2,  and  Z3.  The  percentage  of  the  component  dyes  in  the  mixture 
may  then  be  calculated  by  dividing  these  values  by  the  specific 
extinction  coefficients  of  the  dyes  at  those  wave  lengths. 

Applying  this  method  in  the  evaluation  of  three  mixtures  of  the 
dyes  erythrosine,  phloxine  B,  and  rose  Bengal  B  the  authors  obtained 
the  results  shown  in  Table  3. 

Table  3. — Percentage  of  the  component  dyes  in  mixtures  of  erythrosine, 

phloxine  B,  and  rose  Bengal  B 


Dye  mixture  No. 

Erythrosine 

Phloxine  B 

Rose  Bengal  B 

Present 

Found 

Present 

Found 

Present 

Found 

1                       

43.15 

26.5 

17.3 

42.3 
26.5 
16.9 

25.3 
42.2 
25.3 

1 

27.3 

41.55 

25.0 

13.9 
14.0 
34.9 

12.7 

2                     •                . 

14.6 

3                                
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When  independent  measurements  may  be  obtained  upon  one  of 
their  component  dyes,  mixtures  of  three  dyes  may  be  analyzed  more 
simply  and  with  greater  accuracy.     An  example  is  given  in  Figure  11. 

In  evaluating  such  a  mix- 
ture the  concentration  of 
dye  C  could  be  obtained  di- 
rectly by  measuring  extinc- 
tion coefficients  within  the 
region  between  575  m/*  and 
600  ni/x,.  Further  measure- 
ments within  the  region  be- 
tween 540  irifx  and  560  niju, 
would  give  values  for  B  and 
C  from  which  the  concentra- 
tion of  dj^e  B  could  be  ob- 
tained, since  the  values  for 
dye  C  alone  in  the  region 
could  be  calculated  from  the 
data  already  available.  With 
the  concentrations  of  dyes  B 
and  C  established,  it  would 
be  possible  to  make  appro- 
priate allowance  for  the  ab- 
sorption of  those  dyes  in  the 
region  of  shorter  wave  length, 
and  obtain  values  for  the  concentration  of  dye  A  from  absorption 
measurements  therein. 
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Figure  11. — Absorption  spectra  of  aqueous  solu- 
tions of  three  dyes  and  of  a  mixture  of  the 
same  dyes  :  A,  B,  and  C,  Individual  dyes  ;  D, 
a  mixture  consisting  of  20  per  cent  A,  30  per 
cent  B,  and  50  per  cent  C 
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Siioli  methods  as  hare  been  outlined  hitherto  for  dye  mixtures 
prove  ineffective  when  the  dye  components  differ  but  slirrlitly  in  their 
hue  and  in  the  spectral  locations  of  their  absorption  bands.  This 
condition  is  seldom  encountered  in  deliberate  mixtures,  but  may  fre- 
quently be  met  with  in  general  practice.  The  analyst  may  wish  to 
investigate  the  character  of  dyes  Avhich  are  commonly  marketed  as 
mixtures  of  varj'ing  proportions  of  similar  individual  components, 
or  study  the  decomposition  of  dyes  into  products  of  similar  color. 
In  these,  and  in  similar  instances,  the  employment  of  absorption 
ratios  may  prove  extremely  useful. 

Referring  to  Figure  9  it  will  be  evident  that  if  dye  B  contained  as 
an  impurity  any  appreciable  proportion  of  dye  A  its  absorption  ratio 
would  be  increased,  and  that  the  increase  would  be  proportionate  to 
the  percentage  of  dye  A  which  was  jDresent.  It  can  be  calculated  that 
it  would  require  only  approximately  3  per  cent  of  dye  A  to  raise  the 
absorption  ratio  of  dye  B  from  1.13  to  1.14.  A  careful  determination 
of  absorption  ratios,  accordingly,  would  enable  the  anah\st  to  calculate 
the  approximate  percentage  of  dye  A  in  mixtures  of  dyes  A  and  B. 

The  accuracy  of  such  determinations  will  vary  considerably  with 
conditions,  depending  in  large  measure  upon  visual  sensitivity  in  the 
region  in  Avhich  the  measurements  are  carried  out  and  upon  the  spec- 
tral interval  between  the  bands  of  the  dyes  in  question.  Under  favor- 
able conditions  it  is  probable  that  results  may  be  obtained  which  are 
accurate  within  about  2  per  cent.  In  most  instances,  however,  the 
method  will  prove  decidedly  less  satisfactory.  Even  when  conditions 
are  such,  however,  that  results  obtained  are  only  roughly  quantita- 
tive, the  method  affords  a  very  convenient  means  of  obtaining  infor- 
mation which  is  usually  more  definite  than  that  obtainable  by 
laborious  chemical  methods. 

The  absorption  ratio  method  has  been  utilized  in  evaluating  mix- 
tures of  methylene  blue  and  trimethyl  thionine  (SO),  and  in  investi- 
gating the  atmospheric  dealkylation  of  methylene  blue  (^i)  and  of 
cresylblue  (36). 

SPECTROPHOTOMETRIC    EVALUATION   AND    PRACTICAL    DYE    TESTING 

The  practical  dye  tester  does  not  concern  himself  with  absolute  dye 
strengths.  He  adoi)ts  a  convenient  dye  strength  arbitrarily  to 
serve  as  his  standard,  or  type,  and  evaluates  dye  samples  in  terms 
of  that  standard,  basing  his  estimate  upon  the  results  which  he 
obtains  in  small-scale  comparative  dyeings.  His  operations  are 
uiKjuestionably  more  cumbersome  and  crude  than  are  spectrophoto- 
Mictric  oi-  chemical  methods  of  dye  analysis.  It  might  appear 
]jr()ba])lc  tliat  the  latter  metliods  might  advantageously  replace  those 
now  in  use  for  practical  dye  testing. 

This  possibility  has  been  investigated  at  tliis  ]al)oi-atory  and  else- 
where, and  the  conclusions  reached  have  been  in  substantial  agree- 
ment. 8])ectropli()t(»iii('tri('  values  can  not  be  interpreted  (as  yet, 
at  all  events)  in  precise  terms  of  brilliance  and  hue.  Neither 
spectrophotonietric  evaluation  nor  cliemical  methods  of  dye  analysis, 
moreover,  can  be  relied  u])on  to  nfTord  a  reliable  index  of  dye 
sticngth,  with  dyes  in  geneial,  in  the  practical  sense  in  which  dye 
strength   is  judged   in   the  industries.     "With   some   dyes  analytical 


THE   VISUAL   SPECTROPHOTOMETRY   OF   DYES 


35 


/^ 


i> 


/.^ 


results  may  agree  closely  with  the  dye  tester's  verdict,  but  with  other 
dyes  appreciable  discrepancies  may  be  encountered. 

It  is  necessary  to  admit  that  analytical  methods  are  not  sufficiently 
developed,  and  that  our  knowledge  of  dyeing  processes  is  not  suffi- 
ciently complete,  to  enable  one  to  define  the  essential  dyeing  prop- 
erties of  technical  dyes  from  their  analytical  examination. 
Analytical  methods,  in  short,  can  not  replace  practical  dye  testing. 

INDICATOR  METHODS 

The  application  of  spectrophotometric  methods  to  indicator  prac- 
tice was  made  practically  simultaneously  by  Holmes  {18^  57,  38^  39, 
40),  by  Erode  (3),  and  by  Thiel,  Dassler,  and  Wulfken  (56). 

Indicators  commonly  change  between  two  colors,  although  some 
indicators,  like  phenolphthalein,  may  exist  in  only  one  colored  form. 
Certain    indicators,   such    as 
the  sulphonphthaleins,  exist       ^^ 
in  three  forms  and  have  two 
useful    transition    ranges   in 
color.     A  limited  number  of 
indicators  exist  in  more  than     ''ii 
three  forms.  ^ 

Indicator  changes  are  in-  ^'^ 
A'ariably  accompanied  by  de-  ^ 
cided  alterations  in  absorp- 
tion spectra,  and  the  degree 
of  transformation  of  any  in- 
dicator at  any  definite  hydro- 
gen-ion concentration  within 
the  range,  or  ranges,  of  its 
utility  may  be  measured  with 
the  aid  of  the  spectropho- 
tometer and  given  numerical 
expression  in  terms  of  spec- 
trophotometric ratios.  The 
empirical  calibration  of  such 
ratios  against  known  hydro- 
gen electrode  values  yields 
data  which  may  be  utilized  subsequently  in  the  determination 
of  the  Sorensen  exponents  of  solutions  of  unknown  hydrogen-ion 
concentrations. 

In  point  of  fact  the  necessary  spectrophotometric  data  for  indi- 
cator practice  can  be  calculated  on  theoretical  assumptions.  All 
that  is  required  for  the  purpose  is  a  knowledge  of  the  apparent 
dissociation  constant  of  the  indicator  and  its  absorption  curves  ob- 
tained under  conditions  which  insure  practically  complete  conver- 
sion, respectively,  into  its  two  color  forms.  The  only  assumptions 
required  are  that  the  indicator  shall  exhibit  the  essential  behavior 
of  a  monobasic  substance  and  that  it  shall  conform  to  Beer's  law. 
It  is  never  entirely  safe,  however,  to  rely  implicitly  upon  these 
assumptions,  and  an  experimental  verification  of  ratios  is  alwa^^s 
advisable.  Typical  indicator  transformations  are  illustrated  in 
Figures  12,  13,  and  14. 
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Figure  12. — Absorption  spectra  of  aqueous  solu- 
tions of  l-naplithol-2-so(liiim  sulphonate  indo- 
phenol  at  different  hydrogen-ion  concentrations  : 
A,  75  mg  per  liter  at  pH  5.82  ;  B,  37.5  mg  per 
liter   at   pH    10.19 
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Figure  13. — Absorption  spectra  of  aqueous  solutions  of 
pheuolsulpbonphthaleln  at  different  hvdrogen-ion  con- 
ecntrations:  A,  At  pll  (J.3  ;  li,  at  pH  7.5;  C,  at  pH 
10. li ;  D,  in  concentrated  sulphuric  acid 


"Within  the  region  of  its  transition  an  indicator  is  essentiall}^  a 
mixture  of  two  dyes,  and  the  methods  by  which  it  may  be  investi- 
gated are  those  which  have  ah-eady  been  outlined  for  the  analysis 
of  dye  mixtures.  The  courses  which  may  be  followed  are  illus- 
trated by  the  graph  of 
l-naphthol-2-sodium 
sulphonate  indophenol. 
(Fig.  12.} 

With  increasing  al- 
kalinity, the  indicator 
changes  from  a  red 
form  with  maximum 
absorption  at  approxi- 
mately 500  m/i  to  a  blue 
form  with  maximum 
absorption  at  about 
630  m^.  This  trans- 
formation is  practi- 
cally complete  in  pass- 
ing from  pH  5.7  to  pH 
11.7,  but  80  per  cent  of 
the  alteration  occurs 
between  pH  7.7  and 
p  H  9.7,  and  this 
smaller  interval  constitutes  the  useful  working  range  of  the  indica- 
tor. Within  the  latter  range  any  appreciable  change  in  hydrogen- 
ion  concentration  is  accom- 
panied by  a  corresponding  ^^ 
alteration  in  the  relative  pro- 
portions of  the  red  and  blue 
forms  of  the  indicator  and, 
consequently,  by  a  corre- 
sponding alteration  in  the 
relative  intensities  of  their 
absorption  bands. 

The  degree  of  transforma- 
tion of  the  dye  at  any  given 
hydrogen-ion  concentration 
in  this  range  may  bo  deter- 
mined conveniently  by 
means  of  absorption  meas- 
urements carried  out  (1)  at, 
or  near,  030  m/x  or  (2)  at,  or 
near,  500  ni/ui,  or  ()'>)  at  both 
Avave  lengths. 

In  the  first  Instance,  the 
bine  form  of  the  indicator 
woukl  be  measured  alone, 
since  the  red  form  does  not  have  appreciable  absorjition  at  tlial  wave 
length  in  such  concentrations  as  would  be  emi^loyed.  The  spoctro- 
photometric  nil  io  ciiiploycMl  woidd  be  that  of  the  extinction  coellicient 
at  i'uA)  m/x  under  the  conditions  of  the  test  to  the  extinction  coefficient 
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FiOT'nE  14. — .Misorption  spectra  of  nqiieons  solu- 
tions (if  I'iist  Ki'ci-n  VW  at  different  hydrogen- 
ion  coiicentrutions  :  A,  At  pll  5.0  ;  1$,  at 
pH   10.0 
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at  the  same  waA^e  length  of  an  equal  quantity  of  indicator  under  con- 
ditions which  insured  practically  complete  conversion  into  the  blue 
form.  This  type  of  ratio  will  be  referred  to  by  the  term  ^i.  It 
will  be  evident  that  an  Rx  ratio  can  be  employed  only  with  solutions 
in  which  the  precise  concentration  of  indicator  is  known. 

In  the  second  instance  the  red  form  of  the  indicator  would  be 
measured,  primarily.  In  actual  practice  with  this  particular  indi- 
cator, it  is  improbable  that  the  analyst  would  employ  an  R^  ratio  at 
500  mix.  Not  only  is  the  red  form  of  the  dye  less  intense  than  the 
blue  form,  but  the  alteration  in  extinction  coefficients  at  500  m/x  per 
unit  change  in  indicator  transformation  would  be  further  reduced 
by  the  fact  that  the  blue  form  of  the  indicator  absorbs  some  light  at 
that  wave  length,  and  that  its  absorption  there  would  increase  as 
that  of  the  red  form  diminished.  The  analyst,  accordingly,  would 
prefer  to  measure  the  absorjDtion  of  the  blue  form  of  the  dye. 

In  the  third  instance  the  ratio  employed  would  be  that  of  the 
extinction  coefficient  of  the  solution  under  examination  at  500  m/x  to 
the  extinction  coefficient  of  the  same  solution  at  630  m/i,  or  vice  versa. 
This  type  of  ratio,  which  will  be  termed  an  R.  ratio,  affords  a  maxi- 
mum degree  of  alteration  in  value  per  unit  change  in  indicator 
transformation,  since  both  the  increase  in  one  absorption  band  and  the 
simultaneous  decrease  in  the  other  contribute  to  it.  It  will  be  evident 
that  values  of  R.  ratios  will  not  be  affected  by  changes  in  indicator 
concentration  and  that  the  R2  ratios,  accordingly,  may  be  employed 
with  solutions  in  which  the  concentration  of  indicator  is  not  known. 

In  actual  practice  the  analyst  would  probably  prefer  to  employ 
some  other  wave  lengths,  for  instance  520  and  600  m/x,  rather  than  the 
wave  lengths  referred  to  in  the  previous  discussion.  The  visual  sen- 
sitivity of  the  analyst  is  appreciably  greater  at  520  m/x,  than  at  500  m/x 
and  at  600  than  at  630  m/x.  If  such  changes  were  made,  the  differenti- 
ating value  of  the  ratios  would  decrease  ostensibly,  but  it  is  probable 
that  the  actual  accuracy  of  the  methods  would  be  distinctly  improved, 
owing  to  the  improved  accuracy  with  which  measurements  could  be 
carried  out. 

It  is  advisable,  in  general,  to  obtain  both  R^  and  ^2  values  in 
calibrating  spectrophotometric  methods  for  use  with  indicators. 
Although  i?2  values  afford  greater  differentiation  than  do  Ri  values, 
they  do  not  necessarily  afford  greater  accuracy.  If  the  absorption 
bands  of  both  color  forms  are  in  such  spectral  locations  as  will  enable 
the  analyst  to  obtain  reliable  measurements  on  both  bands,  R-z  values 
will  prove  preferable.  If,  however,  the  band  of  one  color  form  is  so 
situated  that  accurate  measurements  on  it  are  difficult,  as  is  the  case 
with  the  sulphonphthaleinsancl  many  other  indicators,  it  will  usually 
be  found  that  R^  values  prove  distinctly  more  reliable. 

Even  in  instances,  however,  in  which  the  analyst  may  find  that  Rx 
values  prove  somewhat  more  accurate  than  R,  values,  he  may  find 
the  latter  values  very  useful,  and  at  times  nearly  indispensable.  The 
fact  that  they  are  unaffected  by  variations  in  indicator  concentration 
renders  their  use  of  great  value  in  examining  solutions  of  small 
volume  or  in  other  instances  in  which  it  may  be  difficult  or  impossible 
to  insure  a  precise  indicator  concentration. 

The  accuracy  of  spectrophotometric  methods  with  indicators  is 
excellent.     With  certain  samples  of  bromcresol  green  it  was  found 
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that  their  apparent  dissociation  constants  (4.68,  4.65,  and  4.69,  respec- 
tively) could  be  checked  so  consistent!}'  in  any  extensive  series  of 
careful  measurements  that  it  was  possible  to  distinguish  between  the 
samples  in  question  with  fair  certainty  {18,  37,  38,  39,  Jfi).  The 
methods  may  be  relied  upon  to  check  electrometric  methods  nearly  to 
the  second  decimal  point  in  S<)rensen  (pH)  units. 

A  table  of  solubilities  of  representative  dyes  at  26°  C.  in  water 
and  in  95  per  cent  alcohol  is  included  for  the  benefit  of  any  investi- 
gators who  may  have  occasion  to  prepare  dye  solutions.     (Table  4.) 

Table  4. — BxjQ  solubilities  at  26°  C. 

[Data  are  expressed  as  grams  of  anhydrous  dye  per  100  cubic  centimeters  of  saturated  solution.    Data 
in  parentheses  are  expressed  as  grams  of  anhydrous  dye  per  100  grams  of  saturated  solution] 


Dye 


Picric  acid 

Victoria  yellow 

Martius  yellow  (sodium  salt). 
Martius  yellow  (calcium  salt) 

Naphthol  yellow  S 

Aurantia 

Wool  yellow  O 

Chrysoidin  Y 

Chrysoidin  G 

Sudan  I 

Orange  G 

Ponceau  2G 

Chromotrope  2R 

Alizarole  yellow  GW 

Alizarole  orange  G 

Sudan  n _ 

Azo  Bordeaux 

Crystal  ponceau 

Erika  B 

Janus  green 

Metanil  yellow 

Methyl  orange 

Helianthin     (color    acid    of 

methyl  orange) 

Orange  IV. 

Azo  acid  yellow 

Resorcin  yellow.. 

Orange  I 

Orange  n 

Narceine 

Fast  red  A 

Amaranth 

Ponceau  OK 

Sudan  III 

Brilliant  crocelne. 

Erythrin  X 

Sudan  IV. ._ 

Biebrich  scarlet 

Bismark  brown  Y. 

Bismark  brown  R 

Congo  red 

Purpurin  4B 

Sky  blue 

Auramin  O. 

Victoria  green  (oxalate) 

Victoria  green  '.Hi 

Guinea  green  B 

Light  green  SP"Y 

Fast  green  FCK 

Pararos.'inilin  (chloride) 

Pararosariilin  fucetiile) 

Rosanilin  (dilorldc).. 

New  fuclisin  (chloride) 

Methyl  violet 


Color 

Index 

No. 


10 

12 

16 

20 

21 

24 

27 

28 

29 

36 

40 

73 

88 

89 

130 

133 

138 

142 


143 
146 
148 
150 
151 
152 
176 
184 
186 
248 
252 
254 
258 
280 
331 
332 
370 
448 
520 
655 
657 
650 
666 
670 


676 


In         ^°  9^ 
,      percent 

^^^^'^  alcohol 


678 
680 


1.18 
1.66 
4.57 

.05 
8.96 
(') 
18.40 

.86 

.23 

(') 

10.86 

1.75 

19.30 

2.').  84 

.40 
(') 
3.83 

.80 

.64 
5.18 
5.36 

.52 

.015 
.16 
2.17 
.37 
5.17 
11.37 
10.02 
1.67 
7.20 
12.98 
(') 
5.04 
6.41 
(') 


1.36 
1.10 


13.51 

.74 

7.60 

.04 

(28.  40) 

20.35 

16.04 

.26 

4.15 

.39 

1.13 

2.93 


8.96 

1.18 

.16 

1.90 

.03 

.33 

.24 

2.21 

.99 

.37 

.22 

.21 

.17 

.04 

.57 

.39 

.19 

.06 

.17 

1.12 

1.45 

.08 

.015 

.20 

.81 

.19 

.64 

.15 

.06 

.42 

.01 

.01 

.15 

.06 

.06 

.09 

.05 

1.08 
.98 
.19 
.13 

(') 


49 

7.52 

2.24 

7.30 

.82 

.35 

,5.  93 

13.63 

8.  16 

3.20 

(15.  21) 


Dye 


Crystal  violet  (chloride) 

Crystal  violet  (iodide) 

Anilin  blue  (spirit  soluble)... 

Victoria  blue  4R 

Patent  blue  A 

Cyanole  extra... 

New  Victoria  blue  R 

Pyronin  G.. 

Pyronin  B  (iodide) 

Rhodamin  B _. 

Rhodamin  G 

Fluorescein  (color  acid) 

Fluorescein  (sodium  salt) 

Fluorescein  (magnesium  .salt) 

Fluorescein  (calcium  salt) 

Fluorescein  (barium  salt) 

Eosin  (sodium  salt) 

Eosin  (magnesium  salt) 

Eosin  (calcium  salt) 

Eosin  (barium  salt) 

Ethyl  cosine... 

Eosin  B 

Erythrosin  (sodium  salt) 

Erythrosin  (magnesium  salt). 

Erythrosin  (calcium  salt) 

Erythrosin  (barium  .salt) 

Phloxin  (sodium  salt) 

Phloxin  (magnesium  salt) 

Phloxin  (calcium  salt) 

Phloxin  (barium  salt) 

Rose  Bengal  (.sodium  salt) 

Rose  Bengal  (magnesium  salt) 
Ro.se  Bengal  (calciimi  salt).. 
Rose  Bengal  (barium  salt).. 

Tliinfliivine  T 

Neutral  red  (chloride) 

Neutr.il  red  (iodide) 

Neutral  violet 

Safranin 

Methylene  violet  2RA 

Iris  violet 

Cresvl  violet  (NAC) 

Nile  blue  2B 

Thionin 

Metliylene  blue  (chloride). .. 
Methylene  blue  (ZnC^  dou- 
ble salt) , 

Methylene  blue  (iodide) , 

Meth vlene  green 

Toluiiiine  lihic  () 

New  met  liyleue  blue  N 

Alizarin. 

.Mizarin  \VC 

Indigo  carmine 


Color 

Index 

No. 


681 


689 
690 
714 
715 
728 
739 
741 
749 
750 
766 


768 


770 
771 
773 


774 


779 


815 
825 


826 
841 

842 
847 


914 
920 
922 


924 

927 
1027 
1034 
1180 


In 
water 


1. 


1.681 
.035 

(>) 

3.23 

8.40 

1.38 

.54 

8.96 

.07 

.78 

34 

03 

£0.20 

4.51 

1.  13 

6.  .54 

44.20 

1.43 

.24 

.18 

.03 

39.11 

11.10 

.38 

.15 

.17 

(50.  90) 

20.84 

3.57 

6.01 

36.25 

.48 

.20 

.  17 

2.11 

5.64 

.  15 

3.27 

5.45 

.69 

3.  12 

.3-S 

.16 

.25 

3.  55 

2.75 
.09 
1.46 
3.82 
(13.  32) 
(') 
7.69 
1.68 


In  95 

per 

cent 

alcohol 


3.87 
1.78 
1.10 
20.49 
5.23 

.44 
3.98 

.60 
1.08 
1.47 
6.31 
2.21 
7.  19 

.35 

.41 

2.  18 

.28 

.09 

.06 

1.13 

.75 

1.87 

.52 

.35 

.04 

9.02 

29.  10 

.45 

1.17 

7.53 

1.59 

.07 

.05 

3.17 

2.45 

.  16 

Z22 

3.41 

3.18 

3.66 

.25 

.62 

.i'i 

1.48 

.05 
.  13 
.12 
.57 
1.  65 
.  12.5 
.  15 
.01 


Nil. 
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INTRODUCTION 

The  package  bee  has  brought  many  new  problems  of  apiary  man- 
agement to  the  beekeeper.  To  obtain  more  definite  information  on 
pertinent  factors  underlying  these  problems,  particularly  on  the  rate 
of  development  of  packages  of  various  sizes,  work  on  package  bees 
was  undertaken  in  1926  in  the  division  of  bee  culture  of  the  Bureau 
of  Entomology.  A  knowledge  of  the  rate  of  development  of  package 
colonies  is  of  special  importance  to  the  beekeeper  in  many  of  his 
uses  of  the  package  bee  if  he  is  to  choose  the  size  of  package  which 
will  best  suit  his  purpose  and  if  he  is  to  know  the  proper  time  to 
obtain  those  packages. 

Although  in  the  United  States  bees  have  been  shipped  in  combless 
packages  for  more  than  40  years,  only  within  the  last  15  has  the 
package-bee  business  assumed  special  importance.  During  these 
years  it  has  increased  by  leaps  and  bounds.  Recent  statistics  (38y 
from  the  State  of  Alabama,  which  has  become  the  center  of  the  pack- 
age-bee as  well  as  of  the  queen-bee  industiy  (25),  well  illustrate  this 


'Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  42. 
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point.  According  to  these  statistics,  in  the  two  years  from  1924  to 
1926  the  sales  of  package  bees  in  Alabama  more  than  doubled,  40,000 
packages  being  sold  in  1926  as  against  only  18,000  in  1924. 

So  far  the  commercial  use  of  combless  package  colonies  in  honey 
production  has  been  confined  almost  exclusively  to  the  United  States 
and  Canada.  It  is  only  within  recent  years  that  the  question  of  the 
practicability  of  combless  packages  under  European  conditions  has 
been  seriously  raised  in  European  bee  journals.  For  a  long  time, 
however,  there  has  been  some  traffic  in  colonies  of  bees  between  France 
and  the  British  Isles,  and  also  between  the  Netherlands  and  the  British 
Isles.  Within  the  last  few  years  there  has  even  been  a  beginning 
attempt  to  sell  in  the  British  Isles  package  bees  produced  in  France, 
Russia,  a  country  possessing  vast  extent  and  wide  range  of  climatic 
conditions  as  well  as  immense  beekeepirg  possibilities,  seems  to  ofi'er 
a  big  field  for  this  phase  of  the  beekeeping  industry.^ 

In  the  past  the  production  of  package  bees  in  North  America  has 
been  practically  limited  to  the  United  States,  since  Canada  has  de- 
pended for  its  supply  on  this  country.  The  exact  number  of  packages 
used  in  either  country^  is  not  known,  but  Floyd  {9)  in  1929  estimated 
that,  in  Manitoba  alone,  10,000  packages  are  needed  to  supply  the 
annual  demand. 

Thus  far  the  package-bee  business  has  been  confined  largely  to 
contiguous  areas  served  by  rail  transportation.  It  has  not  figured  in 
transoceanic  shipments,  no  doubt  partly  because  the  conditions  for 
successfully  shipping  bees  in  confinement  for  the  long  period  necessary 
in  such  a  case  are  not  yet  known.  The  importance  of  determining 
the  proper  conditions  for  shipping  package  bees  successfully  was  one 
of  the  reasons  for  the  establishment  of  the  Southern  States  bee  culture 
laboratory  at  Baton  Rouge,  La.  Air  transportation  would  appear 
the  best  means  so  far  as  the  bees  in  the  package  are  concerned,  but 
resort  to  this  method  is  not  yet  feasible.^ 

Package  bees  are  bought,  for  the  most  part,  for  the  purpose  of 
building  up  new  colonies  in  time  for  the  honey  flow,  or  of  strengthening 
overwintered  weak  colonies  so  that  they,  too,  may  build  up  to  siiifi- 
cient  strength  to  gather  surplus.  Recently  Hutson  (i^)  h^^s  advo- 
cated the  procuring  of  packages  in  early  spring  for  the  purpose  of 
having  them  })uild  up  to  colonies  strong  enough  for  pollination  work 
in  orchards  instead  of  I'elying  on  overwintered  colonies.* 

The  results  obtained  in  the  last  few  years  from  the  use  of  package 
bees  to  build  up  into  new  colonies  for  the  honey  flow,  especially  in 
some  of  the  newer  western  and  northern  beekeeping  regions,  have 
often  been  surprising  and  may  well  explain  the  rapid  development  of 

''  .Since  the  foregoing  was  written,  the  use  of  package  hees  under  (onditions  in  the  Union  of  Socialist  Soviet 
Republics  has  hrcoinc  the  subject  of  inveslipation  there,  one  of  the  leaders  in  the  movement  being  W.  W. 
Alpatov,  director  (A  the  biological  laboratory  at  the  zoological  inuseiim  of  the  I'niversity  of  Moscow,  wlio 
was  a  research  fellow  of  the  International  Kducatioii  Hoard  at  Johns  Hopkins  fniversity  in  192C  1928. 
Asamatter  of  fact,  asi)ointed  out  by  the  writi  r  (tSn)  in  a  recent  article.  The  Shipment  of  Package  Bees  in  the 
U.  S.  A.,  which  was  translated  into  Russian  by  Alpatov  and  published  in  KoUeklivnoe  Pchelovodnoye 
Delo  for  .March,  lilHl,  the  t'nion  of  Socialist  Soviet  Hepublits  seems  the  only  country  of  beekeeping  im- 
portance at  present  which  embraces  sulhcient  climatic  range  and  contigtious  territory  for  the  <ievelopment 
of  a  i)ackage-bee  industry  entirely  within  its  own  IxTdcrs  temparable  to  that  now  foiuid  in  the  United 
States.  In  Tile  Hee  Kingd</m  for  July,  llCil,  A.  Z.  Aliushady  (/)  reporle<i  the  shipment  of  jiackage  bees 
from  Jugoslavia  to  Kgypt. 

J  Sinre  the  above  was  written  advertiseii  ents  otTeilng  f(  r  sale  t  aekagc  bees  ship]  ed  by  air  from  Krance 
to   England  have  ajipeared.     (Cf.  Scottish  lieeKecj  cr,  Airil,  1931.) 

*  Siuie  the  original  eomidetion  of  the  nianusciii  t  for  this  bulletin  in  1929,  Hutson  (/5)  has  descril  ed  an 
"orchard  package"  to  be  used  i>rimaiily  for  pollinating  purposes.  .At  this  dale  (1981)  several  producers 
of  p  aekage  lees  arc  advertising  "orchard  packages"  for  sale.  The  bees  arriving  in  such  packages  are  those 
del  ended  upon  to  aicouiplish  p(>llination,  and  they  aie  i  ermitted  to  fly  directly  from  their  original  shiji- 
ping  container  without  being  transferred  to  a  hive. 
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this  phase  of  the  beekeeping  indllstr3^  For  instance,  amono;  some 
exceptional  examples,  it  was  reported  (36)  that  1-poimd  packages  in 
Ontario  in  1916  built  up  sufficiently  to  gather  an  average  of  100 
pounds  of  surplus  honey  in  one  season.  In  the  sweetclover  region  of 
the  North  a  290-pound' crop  was  reported  (16)  as  the  1924  total  from 
a  2-pound  package  installed  in  North  Dakota  on  May  22  of  that  year. 
This  particular  region  is  marked  by  high  colony  yields  because  natural 
conditions  make  possible  both  exceptionally  high  daily  gains  and  an 
exceedingly  long  period  during  which  nectar  is  available.  Sweet- 
clover  may  bloom  for  about  three  months  in  North  Dakota.  A  3- 
pound  package  received  in  that  State  on  June  5,  1922,  was  reported 
(5)  to  have  gathered  a  honey  crop  of  485  pounds  before  the  end  of  the 
same  season. 

It  is  not  to  be  assumed  from  the  foregoing  examples  that  a  direct 
relationship  exists  between  the  size  of  the  package  installed  and  the 
size  of  the  honey  crop  obtained.  Other  factors  which  govern  the 
total  number  of  field  bees  on  hand  for  the  honey  flow  enter  in  as  well. 
Among  these  are  the  relative  rapidity  with  which  packages  of  various 
sizes  build  up,  the  length  of  time  between  the  receipt  of  the  bees  and 
beginning  of  the  main  honey  flow,  the  age  of  the  bees  when  put  into 
the  package,  the  cpieen  bee  herself,  and  whether  the  worker  bees  in 
the  original  package  prove  of  field  use  in  the  main  honey  flow  if  ob- 
tained late  enough  or  whether  their  energy  is  all  expended  in  rearing 
brood  to  replace  themselves.  The  division  of  labor  in  the  honeybee 
is  also  a  governing  factor  since,  as  summarized  by  the  writer  on 
another  occasion  {26),  it  has  long  been  common  knowledge  that  under 
normal  conditions  the  worker  honeybee  spends  the  forepart  of  its  life 
in  various  activities  which  it  has  been  the  custom  to  group  under  the 
heading  of  hive  duties,  while  the  latter  part  of  its  life  is  devoted  to 
field  duties  such  as  gathering  nectar,  pollen,  water,  and  propolis.  On 
the  other  hand,  when  compelled  to  do  so,  bees  may  go  to  the  field 
earlier  than  they  would  normally,  or  to  a  limited  extent  old  bees  may 
perform  hive  duties. 

Recent  research  by  Rosch  (87)  has  placed  our  knowledge  of  the 
division  of  labor  on  a  more  scientific  basis  than  heretofore  and  has 
brought  out  new  facts  as  well.  The  work  of  Soudek  (39)  on  the 
glands  of  the  worker  honeybee  is  also  an  important  contribution 
toward  the  solution  of  this  problem. 

PREVIOUS  DATA  ON  DEVELOPMENT  OF  PACKAGE-BEE  COLONIES 

Few  data  from  any  direct  study  of  the  factors  governing  the  de- 
velopment of  package  colonies  have  been  published.  Most  of  our 
ideas  on  the  subject  have  been  obtained  incidentally  from  casual  ob- 
servations made  by  beekeepers  while  using  package  bees  in  their 
apiaries.  From  the  scientific  side  the  most  comprehensive  work  on 
the  problem  published  thus  far  is  by  Merrill  (19),  who  presented  data 
showing  the  average  population  and  amount  of  brood  at  intervals 
varying  from  22  to  24  days  throughout  the  season  of  1923  in  four 
colonies  started  from  packages  on  April  30  of  that  year.  The  popu- 
lation was  apparently  determined  each  time  by  taking  the  weight  of 
the  bees  in  pounds  and  then  multiplying  this  by  5,000,  the  commonly 
accepted  number  (34,  p.  760)  of  bees  in  a  pound.  Merrill  {22)  later 
published  some  other  results  obtained  with  package  bees,  but  these 
seem  to  represent  abnormal  conditions  and  need  not  be  discussed  here. 
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There  might  be  objection  to  deriving  popuhi.tion  from  weights  by 
using  some  constant  conversion  factor  Hke  5,000  bees  per  pound  in- 
stead of  the  average  weight  of  a  representative  sample  of  bees  ob- 
tained at  each  weighing  of  the  whole  colony.  Such  an  objection  is 
not  iuA'alid  wlicn  it  is  remembered  that  the  average  weight  of  an 
individual  bee  varies,  depending  on  the  load  carried  in  its  honey  sac. 
Furthermore,  since  Alpatov  and  Tjunin  {2,  pp.  2-7 ;  3,  p.  99)  have 
found  the  body  dimensions  of  the  honeybee  to  vary  somewhat  with 
the  colony,  and  since  Mikhailoff  {23,  24)  states  that  these  dimensions 
vary  even  in  the  same  colony  at  different  times  of  the  year,  it  is  only 
reasonable  to  suppose  that  weight  may  possibly  do  likewise. 

If  Merrill's  brood  counts  had  included  only  brood,  all  or  most  of 
which  eventually  developed  into  the  adult  stage,  the  number  of  bees 
which  should  have  besn  on  hand  at  any  time  during  the  active  season 
under  any  given  average  length  of  life  for  the  bees  at  this  period  of 
the  year  could  easily  be  computed  from  these  counts,  and  a  fair 
check  on  his  numbers  derived  by  weight  could  be  obtained.  Thus, 
since  only  21  days  are  required  for  development  from  egg  to  adult, 
if  brood  counts  are  taken  every  21  days  and,  in  addition,  if  the 
ave 'age  length  of  life  of  the  worker  bee  during  the  active  season  is 
assumed  to  be  six  weeks  or  more,  as  has  been  assumed  by  some 
writers,  such  as  Pellett  {31,  p.  93),  Philhps  (33,  p.  136),  the  Roots 
(.34,  p.  17),  and  Zander  (4I ,  p.  74),  it  follows  that  the  total  population 
at  the  tune  of  any  part'cLilar  brood  count  would  be  equivalent  to  at 
least  the  sum  of  the  brood  counts  on  the  two  preceding  dates,  pro- 
vided all  the  brood  develops.  If  the  average  life  of  the  worker 
during  the  active  season  is  assumed  to  be  about  five  weeks,  the  period 
assuned  by  other  authorities,  such  as  Buttel-Reepen  (4,  V-  133), 
Dadant  {17,  p.  64),  Leuenberger  {18,  p.  7),  and  Rosch  {37,  p.  628), 
the  total  population  on  any  of  these  dates  should  be  the  total  brood 
count  on  the  preceding  date  plus  approximately  two-thirds  of  the 
total  brood  count  on  the  second  preceding  date.  The  exact  fraction 
to  be  used  in  this  case  depends  on  the  weekly  emergence  of  the  brood 
included  in  this  count. 

The  use  of  counts  of  total  brood  in  computing  population,  however, 
may  introduce  a  considerable  error  in  the  result,  since  it  is  known 
that  not  all  eggs  or  unsealed  larvae  reach  the  adult  or  even  the  sealed 
stage.  Merrill  has  published  data  (21),  for  the  same  year  as  his 
experiments  with  package  colonies,  which  indicate  that  sometimes 
as  much  as  one-third  of  the  unsealed  brood  in  certain  colonies  investi- 
gated did  not  reach  the  sealed  stage. 

Merrill  received  his  packages  on  April  30,  and  from  his  calculations 
each  contained,  on  an  average,  14,000  bees.  He  states  that  in  his 
locality  the  main  honey  flow  for  that  year  (19)  occurred  between  June 
18  and  July  11,  but  that  during  the  last  of  August  and  the  first  week 
of  September  there  was  another  honey  flow. 

His  first  determination  of  brood  and  ])()pulation  was  made  on  May 
26,  26  days  after  the  packages  had  been  received.  Since  worker 
bees  require  an  average  of  21  days  to  develop  from  egg  to  adult, 
any  bees  on  hand  at  this  time  either  survived  from  the  original  pack- 
ages or  else  bad  enierg(Ml  betw(>(Mi  May  21  and  May  2().  It  does  not 
seem  hUcJy  that  an  dvciage  of  nuicli  more  than  ."5, ()()()  bees  had  omeiged 
in  each  colony  by  May  26,  since  the  total  number  of  cells  of  brood 
found  llicn,  l.'^,000  c(dls,  iiulicates  a  daily  egg-laying  rate,  or  a 
subse(iuent  (hiily  emergence  rate,  of  only  619.     Merrill's  data  sliow 
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an  average  of  10,200  bees  in  each  package  colony,  a  large  number 
of  which,  therefore,  must  have  survived  from  the  original  number 
received. 

The  second  determination  was  made  on  June  18,  seven  weeks  alter 
the  packages  were  received.  It  may  be  assumed  that  practically 
all  the  bees  from  the  original  packages  were  dead  at  this  time,  whereas 
all  of  the  worker  brood,  13,000  cells,  found  on  May  26  would  have 
had  time  to  emerge  and  would  still  be  alive,  together  with  whatever 
bees  had  emerged  as  a  result  of  brood-rearing  activity  before  the 
21-day  period  covered  by  this  brood  count.  As  a  matter  of  fact 
Merrill  reports,  for  June  18,  13,250  bees  and  11,000  cells  of  brood. 
The  sealed  brood  count  represents  a  daily  egg-laying  average  of  only 
about  500.  This  decrease  in  the  amount  of  brood  will  be  commented 
upon  later. 

The  next  reading,  on  July  11,  about  10  weeks  after  installing  the 
packages,  showed  18,000  bees.  This  is  approximately  1.3  times  the 
number  computed  as  in  the  packages  on  arrival.  The  number  of 
cells  of  brood  had  increased  to  15,200,  which  means  an  increase  in 
the  egg-laying  rate.  For  the  reading  three  weeks  later,  August  2, 
about  13  weeks  after  the  packages  were  installed,  Merrill  gives  the 
population  as  22,000  and  the  brood  as  17,800  cells.  He  continued 
his  counts  on  these  colonies  throughout  the  season,  but  the  later 
counts  seem  of  less  A^alue  in  a  study  of  colony  development. 

After  the  decrease  shown  by  the  second  brood  count,  the  computed 
daily  egg-laying  average  rose  until  the  maximum,  approximately 
1,000,  was  attained,  about  16  weeks  after  the  packages  were  leceived. 
That  these  colonies  were  laboring  under  a  handicap  throughout  the 
season  might  seem  evident  from  the  fact  that  Merrill  {20)  states 
elsewhere,  in  reporting  on  other  colonies  in  the  same  apiarj^  in  the 
same  year,  that  the  highest  daily  rate  of  egg  laying  in  any  colony 
was  2,030  and  that  this  occurred  during  the  nine  days  previous  to 
June  21 .  It  fell  to  1 ,400  during  the  next  nine  days.  This  highest  rate 
occurred  during  the  period  covered  by  the  second  count  for  the  pack- 
age colonies,  the  interval  in  which  the  egg-laying  rates  of  their 
queens  were  dropping  off.  The  average  given  in  the  same  article 
{20)  for  certain  of  his  colonies  in  August  of  that  year  is  a  little  more 
than  half  that  of  the  same  colonies  for  June. 

The  decrease  in  brood  rearing  found  by  Merrill  between  May  26 
and  June  18  is  significant  of  what  was  taking  place  in  colony  popula- 
tion, especially  since  he  {20)  reports  that  this  was  the  period  of 
greatest  brood-rearing  activit}^  in  other  colonies  in  the  same  year. 
As  stated  before,  on  May  26  the  population  was  composed  largely  of 
package  bees.  Toward  the  end  of  May  these  bees  must  have  aged 
physiologically  to  the  point  (Rosch,  37,  p.  627;  Soudek,  39,  p.  57)  at 
which  their  efficiency  as  nurse  bees  was  becoming  impaired.  After 
May  26  these  old  bees  must  have  died  even  more  rapidly  than  new 
bees  emerged  because  they  had  now  been  working  practicalh^  four 
weeks,  to  say  nothing  of  their  age  when  put  into  the  packages.  With 
the  sudden  rapid  decrease  in  field  bees,  bees  normally  of  hive  age 
would  be  called  upon  to  go  to  the  field.  Consequently,  both  field 
and  hive  activities  would  seem  to  have  sufi'ered  somewhat  at  this  time. 
Following  June  18,  the  course  of  brood  rearing  is  clearly  up\\  ards. 

In  studying  Merrill's  data,  it  is  apparent  that  by  June  18,  the 
beginning  of  the  main  honey  flow  and  seven  weeks  after  the  packages 
were  installed,  brood  rearing  in  these  colonies  had  been  onl}'  suffi- 
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ciently  active  to  rfsult  in  enough  new  bees  to  equal  approximately 
the  number  in  the  packages  originally.  It  is  to  be  assumed  that 
practically  all  of  the  bees  contained  in  the  packages  were  dead  at  this 
time.  Furthermore,  according  to  Merrill's  data  the  colony  popula- 
tion at  no  time  during  the  season  was  double  that  originally  in  the 
packages. 

It  is  rather  difficult  to  associate  the  slow  development  of  these 
packages  and  then*  low  maximum  population  for  the  season  w^ith  the 
astounding  performances  by  packages  in  other  localities  mentioned 
earlier  in  this  bulletin.  It  m.ay  be  well  to  bear  in  mind  that  Merrill's 
data  are  based  on  averages  from  four  packages,  and  that  the  data 
fro.m  his  best  package  might  indicate  a  much  greater  possible  rapidity 
of  increase  in  population.  Aloreover,  no  information  is  given  as  U) 
the  apparent  age  or  condition  of  the  bees  on  arrival,  nor  whether  they 
were  shipped  and  installed  m  inclement  weather. 

Few  scientific  data  obtained  by  other  investigators  of  the  develop- 
ment of  package  colonies  are  available,  although  Wilson  (40),  in  1920, 
endeavored  to  obtain  data  on  the  relative  merits  of  2  and  3  pound 
packages.  His  experiment,  however,  was  interfered  with  by  cold 
weather  during  the  time  of  shipping  some  of  the  packages.  Other 
packages,  whose  size  he  does  not  state,  but  which  were  received  by 
him  on  May  1,  built  up  so  strongly  by  July  1,  a  little  more  than  eight 
weeks,  that  he  says  it  was  impossible  to  prevent  their  swar.ming. 
Because  of  this  he  holds  that  packages  should  not  be  received  too 
early,  at  least  in  Wisconsin. 

Farrar  (10)  in  1927  published  some  observations  on  package 
colonies  in  North  Dakota.  The  highest  effective  daily  egg-laying 
average  given  in  his  data  is  only  900,  and  was  first  attained  about 
six  and  one-half  weeks  after  the  package  was  installed.  This  is 
derived  from  sealed-brood  counts.  He  also  reports  that  the  package 
was  storing  surplus  honey  on  the  sLxth  day  after  being  installed. 
He  further  states  that  not  all  the  original  package  bees  were  dead 
10  weeks  after  installing  the  package. 

PACKAGE-BEE  INVESTIGATIONS  AT  THE  BEE-CULTURE  LABORATORY 

It  was  in  view  of  the  scantiness  of  information  on  the  develojiment 
of  package  colonies  that  the  investigation  in  this  field  was  begun  in 
1926  at  the  bee-culture  laboratory  of  the  Bureau  of  Entomology  at 
Somerset,  Md.  During  this  year  the  development  of  a  package 
colony  founded  fro.m  a  single  package,  of  a  package  colony  formed  by 
uniting  three  packages,  and  of  an  overwintered  colony  reinforced  by 
a  package,  were  studied.  Even  this  77ieager  work,  however,  gave 
certain  leads  which  showed  the  advisabiUty  of  further  investigations, 
and  so  in  1927  the  expei'i.nient  was  continued  on  a  .much  larger  scale. 

GENERAL   METHOD   OF   OBTAINING    AND   WORKING    UP   DATA 

At  the  ()resent  time  a  package  of  be(>s  is  obtained  moie  f(U-  the 
pur[)ose  of  starting  a  new  colony  or  (tf  strengthening  a  weakened  one 
than  for  any  honey  which  may  be  stored  by  the  bees  in  the  package, 
or  for  its  direct  use  in  pollination.  I'nder  these  conditions  its  value 
to  th(^  beekeeper,  othei-  things  IxMiig  e{|ual,  jnay  be  gaged  by  the  rate 
at  which  it  builds  up;  in  oilier  words,  the  rate  of  addition  of  new  bees. 
Inas.much  as  sealed  brood  represents  the  last  stage  before  the  emer- 
gence of  tlie  advdt  bees  atid  under  normal  conditions  practically  all 
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will  emerge,  the  rate  at  which  new  bees  will  be  added  to  the  colony 
throughout  the  season  can  be  more  accurately  determined  by  com- 
putations based  on  sealed-brood  counts  made  at  least  every  12  days 
than  by  any  other  method,  except  counting  the  bees  as  they  emerge. 
For  the  package-bee  investigation,  therefore,  counts  of  sealed  brood 
made  by  photographic  means,  as  described  elsewhere  (28,  pp.  4-6), 
were  used. 

The  daily  rate  of  sealing  worker  brood,  for  purposes  of  calculation, 
may  be  assumed  to  be  equivalent  to  the  rate  of  emergence  12  days 
later,  or  to  the  effective  egg-laying  rate  (27)  nine  days  earlier.  It  will 
be  well  to  describe  the  method  by  which  the  average  daily  rates  of 
sealing  were  worked  out  by  the  writer  for  the  data  discussed  here. 

If  it  is  assumed  that  worker  brood  remains  sealed  for  an  average 
of  12  days,  any  single  count  of  the  sealed  brood  in  a  hive  will  cover  all 
the  brood  sealed  during  a  12-day  period  ending  at  the  time  of  the 
count.  It  is  quite  obvious,  therefore,  that  in  case  of  two  successive 
brood  counts  made  less  than  12  days  apart,  the  brood  sealed  during 
the  latter  part  of  the  12-day  period  represented  by  the  first  count 
will  be  included  in  the  total  for  the  second  count.  In  other  words, 
the  12-day  period  represented  by  the  second  count  will  overlap  that 
represented  by  the  fii'st,  the  number  of  daj^s  mcluded  in  the  over- 
lapped interval  bemg  dependent  upon  the  length  of  time  between 
the  counts.  It  follows,  therefore,  that  the  mathematical  difference 
between  two  successive  counts  of  sealed  brood  at  any  interval  of  less 
than  12  days  is  the  difference  between  the  amount  of  brood  sealed  in 
that  portion  of  the  12-day  period  covered  by  the  first  count  which  is 
not  included  in  the  overlapped  interval,  and  the  amount  sealed  in 
that  portion  of  the  12-day  period  covered  by  the  second  count  which 
is  likewise  not  included  in  the  overlapped  interval. 

Take,  for  instance,  two  successive  counts  made  on  May  12  and  19, 
respectively.  The  first  count  covers  all  brood  sealed  from  May  1  to 
12,  inclusive;  the  second  count  includes  all  brood  sealed  from  May  8  to 
May  19,  inclusive,  while  the  overlapped  interval,  or  period  covered  by 
both  counts,  extends  from  May  8  to  May  12,  inclusive.  The  portion 
of  the  two  counts  sealed  dm'ing  these  five  overlapped  days  is  obviously 
identical,  while  the  difference  between  the  two  counts,  if  any,  repre- 
sents the  difference  between  the  brood  sealed  from  May  13  to  19, 
inclusive,  and  that  from  May  1  to  7,  inclusive.     If  the  count  on  May 

19  is  larger  than  that  on  May  12,  the  difference  between  the  two  will 
be  the  difference  by  which  the  number  of  cells  sealed  from  May  13  to 
19,  inclusive,  exceeds  the  number  sealed  from  May  1  to  7,  inclusive. 
On  the  other  hand,  if  the  count  on  May  19  is  less  than  that  on  May  12, 
this  represents  the  difference  by  which  the  number  of  cells  sealed 
from  May  13  to  19,  inclusive,  is  less  than  the  number  sealed  from 
May  1  to  7,  inclusive. 

If  under  the  conditions  of  the  foregoing  paragraph  a  third  count  is 
assumed  to  have  been  made  on  May  26,  the  brood  sealed  from  May 

20  to  26,  the  nonoverlapped  portion  of  the  second  count,  would  be 
equal  to  the  brood  sealed  in  the  nonoverlapped  portion  of  the  count 
on  May  19  plus  or  minus  the  difference  between  the  amount  of  brood 
found  on  Alay  26  and  that  on  May  19.  In  this  particular  case  the 
nonoverlapped  portion  of  each  count  is  seven  days.  The  nonover- 
lapped portion  of  the  count  of  May  19  is  therefore  the  period  from 
May  8  to  14.  This  period  includes  five  days  sealing  (May  8  to  12, 
inclusive),  at  the  rate  for  May  1  to  12,  as  mentioned  in  the  preceding 
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paragraph,  plus  two  days  sealing  (May  13  and  14),  at  the  rate  for 
May  13  to  19,  as  also  computed  there. 

With  the  foregoing  as  a  basis  it  is  comparatively  easy  to  compute 
the  course  of  the  daily  rate  of  sealing  (daily  effective  egg-laying  rate 

9  days  earlier)  from  a  series  of  successive  sealed-brood  counts  through- 
out the  active  season  taken  at  intervals  of  less  than  12  days.  It  is 
necessary  only  to  obtain  the  differences  between  successive  counts 
and  then  in  succession  to  add  them  to  or  subtract  them  from,  as  the 
case  may  be,  the  total  for  the  corresponding  nonoverlapped  interval. 
The  daily  total  for  the  12-day  period  represented  by  the  first  of  a 
series  of  successive  counts  at  intervals  of  less  than  12  da^^s  is  obtained 
by  assuming  a  uniform  rate  of  sealing  during  the  12  days  covered 
by  the  first  count,  unless  the  count  was  taken  less  than  1 2  days  after 
the  sealing  began.  In  other  words,  the  daily  sealing  rate  during  this 
period  is  assumed  to  be  one-twelfth  of  the  total  for  the  12-day  period, 
or  .the  corresponding  fraction  if  less  than  12  days  is  involved.  In 
ordinary  cases  the  first  reading  of  the  year  in  sealed  brood  will  be  so 
small,  if  taken  in  time,  as  to  make  little  difference  whether  the  exact 
day  on  which  sealing  began  is  known  or  not.  In  the  example  given 
in  the  preceding  paragraph,  therefore,  the  daily  rate  of  sealing  from 
May  1  to  May  12,  inclusive,  would  be  taken  as  one-twelfth  of  the  total 
sealed  brood  found  on  May  12,  while  the  total  sealed  brood  during 
the  seven  days  from  May  1  to  7,  inclusive,  would  be  seven  times  this 
daily  rate.  The  brood  sealed  from  May  13  to  19,  inclusive,  there- 
fore, would  be  equal  to  the  computed  amount  of  brood  sealed  from 
May  1  to  7,  inclusive,  plus  or  minus  the  dift'erence  between  the  counts 
on  May  12  and  19,  depending  on  whether  the  first  count  is  less  or 
greater  than  the  second. 

Having  worked  out  the  rate  of  emergence  of  any  colony  through- 
out the  season,  it  is  a  simple  matter  to  work  out  the  total  colony 
population  and  the  approximate  composition  in  hive  bees  and  field 
bees  at  certain  dates.  In  doing  the  latter,  results  obtained  by  Rosch 
{37,  pp.  627-628)  may  well  be  followed,  because  his  is  the  most  com- 
plete attempt  to  determine  the  average  age  at  which  worker  bees 
take  up  successive  duties  in  the  colony. 

Assuming  a  35-(lay  period  of  life  for  the  worker  bee,  according  to 
Rosch  the  first  19  days  are  devoted  to  hive  duties  and  the  last  16 
to  field  duties.  Rosch  holds  further  that  the  first  2  days  of  the 
w^orker's  life  are  given  over  to  cleaning  out  cells  for  egg  laying;  the 
next  8  to  nursing  young  bees;  the  next  9  to  intermediate  hive  duties 
such  as  relieving  incoming  field  bees  of  tiioir  loads  of  nectar,  carrying 
out  debris,  guarding,  and  the  like;  while  the  last  16  are  devoted  to 
field  duties.  Even  under  noi-mal  conditions  it  is  not  to  be  expected, 
however,  that  these  time  divisions  are  always  hard  and  fast. 

The  only  objection  to  Rosch's  data  is  that  he  worked  on  an  obser- 
vation colony  and  consequently  his  bees,  through  being  unduly  active, 
may  have  been  more  short-lived  that  those  in  colonies  under  ai)iary 
conditions.  However,  for  the  i)urj)()se  of  this  bulletin  it  will  be 
better  to  use  too  low  a  figure  rather  than  one  too  high.  Soudek's 
results,  moreover,  are  quite  in  accord  with  those  of  Rosch  as  to  the 
nnising  ])('riod,  on  the  basis  of  the  aiialoinical  and  ])liysiological 
d('vclo])jiu'nt  of  the  ])haryngeal  glands  of  the  worker  bee.  Recent 
work  by  Percpclova  {32,  p.  657)  in  Russia  has  borne  out  Rosch  in 
other  respects. 
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In  all  of  the  computations  of  colony  population  for  successive  weeks 
in  this  bulletin,  bees  which  arrived  with  the  package  are  disregarded. 
The  computations  are  based  on  the  number  of  bees  reared  after  the 
packages  had  been  installed  and  assumed  to  be  still  alive  at  the  end 
of  the  various  weekly  periods. 

EXPERIMENTS  IN   192G 

Although  in  1926  only  one  of  the  packages  investigated  (No.  301) 
was  allowed  to  build  up  independently,  its  development  was  quite 
equal  to  any  of  those  investigated  in  the  succeeding  year  and  would 
at  least  seem  to  be  equal  if  not  superior  to  the  minimum  which  might 
be  expected  under  optimum  conditions.  The  total  weight  of  the 
bees  in  this  package  was  2%  pounds  when  received  by  exj^ress  from 
a  southern  producer  on  April  23,  1926.  It  was  hived  on  drawn 
combs  on  the  day  of  arrival,  having  been  on  the  road  two  days. 
The  package  already  contained  an  introduced  queen  bee,  but  this 
queen  was  accidentally  lost  on  June  16.  The  record  of  its  sealed 
brood  and  the  computed  emergence  for  this  colony  are  contained  in 
Table  1 . 

Table  1. — Record  of  sealed  brood  and  computed  emergence  of  workers  in  package 

colony  No.  SOI 


Sealed-brood  counts 

Computed  emergence  of  workers 

Date 

Worker 

Drone 

Days  after 

installing 

package  on 

Apr.  23 

Emergence 
of  workers 

Average 

daily 
emergence 

May  7  '                       --    --- 

6,859 

14,  079 

15,  751 
15,268 

15,  903 

16,  587 
16,  441 
16,  745 

12 

35 

74 

99 

189 

284 

257 

146 

22-26 
27-31 
32-37 
38-44 
45-48 
49-58 
59-66 
67-71 

6,859 
7,220 
7,159 
9,302 
5,468 
13,  853 
10,  899 
7,208 

1,371.8 

May  12                    -  ---  -  

1,444.0 

Mav  18         ---     

1, 193.  2 

May  25                                   

1, 328.  9 

May  29                         

1, 367.  0 

June  8 

1,385.3 

June  16 

1,  362.  4 

June  21                                       

1,441.6 

'  May  3  marks  first  sealed  worker  brood. 

The  main  honey  flow  at  Somerset  was  on  in  force  three  weeks  after 
the  package  was  received,  and  was  over  before  the  end  of  May. 
Its  source  was  the  tuUptree  {Liriodendron  tulipijera).  Black  locust 
{Rohinia  pseudo-acacia)  also  yielded  abundantly  just  before  and  dur- 
ing the  beginning  of  the  tuUptree  nectar  flow.  June  was  marked  by 
nectar  flows  from  both  wliite  clover  {Trifolium  repens)  and  white 
sweetclover  (Melilotus  alba),  and  exceptionally  from  basswood.  These 
nectar  flows  were  at  least  sufficient  for  stimulating  brood  rearing. 

Of  the  other  two  colonies  used  in  1926,  No.  201  was  started  on 
March  25  by  hiving  on  drawn  combs  a  3-pound  queenless  package 
shipped  from  the  South.  Two  more  3-pound  packages  were  added 
to  this  new  colony  on  April  1.  The  total  five  weight  of  the  bees  in 
the  three  packages,  however,  due  in  part  to  the  mortahty  in  two  of  the 
packages  while  being  shipped,  was  not  over  8^  pouiids.  Table  2 
gives  data  on  the  brood  counts  and  emergence  of  workers  in  this  colony, 

106878—32 2 
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Table  2. — Record  of  sealed  brood  and  computed  emergence  of  workers  in  package 

colontj  No.  201 


Sealed-brood  counts 


Date 


Apr.  19  > 

Apr.  24 

Apr.  30 

May  7 

May  12 

May  18 

May  24 

May  29 t 

June  8 

June  14 

June  21 


Worker 


6, 819 
11,865 
13, 692 
15,317 
10, 394 
15, 625 
15, 289 
15, 557 
14, 924 
14, 481 
12, 369 


Drone 


36 

350 
656 
399 
147 
390 
493 
168 
180 
263 


Computed  emergence  of  workers 


Days  after 
installing 

last  2 
packages 


26-30 
31-35 
36-41 
42-48 
49-53 
54-.59 
60-65 
66-70 
71-80 
81-86 
87-93 


^>--=  dair/s- 


of  workers 


6,819 
5,046 
7,282 
9,249 
7, 145 
7,159 
8,130 
fi,234 
12,431 
7,023 
6,517 


gence 


1, 363. 8 
1.009.2 
1,213.7 
1,321.3 
1, 429. 0 
1, 193. 2 

1. 355. 0 
1, 246. 8 

1. 243. 1 
1, 170.  5 

931.0 


'  Apr.  15  marks  first  sealed  worker  brood. 

Colony  No.  302  had  been  wintered  in  the  apiary,  and  was  reinforced 
on  March  25  by  a  3-pound  queenless  package  shipped  from  the  South. 
Before  the  package  was  added  to  it,  the  colony  contained  3.3  pounds 
of  bees.  Table  3  gives  the  records  of  sealed-brood  counts  and  the 
computed  emergence  of  workers  in  this  colony. 

Table  3. — Record  of  sealed  brood  and  computed  emergence  of  workers  in  package 

colony  No.  302 


Sealed-brood  counts 


Computed  emergence  of  workers 


Date 


Apr.  12  1 
Apr.  19-. 
Apr.  24.. 
Apr.  30.. 
May  7... 
Mav  12.. 
May  18.. 
Mav  25.. 
June  2... 
June  9... 


Worker 


Drone 


Days  after  ] 
installing 
package 


4,522 
12, 749 
14.829 
16, 177 
16,E45 
17, 459 
18, 780 
17,  .506 
16, 721 
15,392 


123 
476 
431 
419 
591 
383 
189 
394 
492 
978 


26-30 
31-37 
38-42 
43-48 
49-55 
56-60 
61-66 
67-73 
74-81 
82-88 


Emergence 


4,522 
8,227 
6,  602 
8.400 
9,945 
7,514 
9, 845 
9.  302 
11,406 
8,264 


Average 
daily  emer- 
gence 


904.4 

1. 175. 3 

1. 320. 4 
1. 400. 0 
1, 420. 7 
1,  502.  8 
1,640  8 
1,328.9 
1,425.8 
1, 180. 6 


'  Apr.  8  marks  first  sealed  worker  brood. 

Fewer  than  600  sealed  drone  cells  were  found  in  any  of  the  three 
colonies  at  any  one  time,  except  on  May  7  when  656  drone  cells  were 
found  in  No.  201,  and  on  June  9  when  978  sealed  drone  cells  occurred 
in  No.  302.     The  highest  number  in  No.  301  was  284. 

The  first  new  worker  bees  in  each  of  the  three  colonies  emerged 
during  the  fourth  week  after  the  packages  were  installed,  but  for 
several  reasons  the  number  emerging  in  Nos.  201  and  302  (Table  4) 
was  smaller,  according  to  the  calcuhilions,  than  that  in  No.  301.  In 
the  first  place  their  (jueen  bees  did  not  come  with  the  packages,  and  to 
insure  Ihoir  safely  they  were  so  caged  that  tlu>  worl<ei"s  did  not  release 
them  until  four  days  alter  the  packages  were  hivcnl,  whereas  in  No.  301 
the  (jueen  was  already  free  among  the  bees  in  the  package  on  arrival. 
P'urthermore,  in  No.  301  brood  rearing  began  in  one  of  the  periods 
of  the  year  most  conducive  to  egg  laying  in  the  apiary  at  Somerset, 
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owing  to  the  abimdanco  of  fresh  nectar  and  pollen  available,  and  this 
fact  alone  should  have  caused  brood-rearing  activity  to  be  more  intense 
at  that  time  than  in  No.  302  at  least,  provided  the  queen  bee  was  in 
good  condition  and  had  sufficient  bees  and  room. 


Table  4.— Computed  population  in  successive  weeks 

installation  of  packages  used  in 

of  worker  bees  reared  afte->- 
1926 

Colony  No. 

Worker  population  at  end  of  specified  number  of  weeks 

4 

£                6 

7 

8 

9 

10 

11 

12 

201 

4,091 
9,747 
2,713 

11,865 
18, 852 
10, 398 

20, 468 
27, 882 
19, 351 

29, 825 
37, 393 
29, 172 

39, 120 
47,090 
39, 199 

44, 029 
46, 926 
47, 420 

45, 199 
47,  674 
49, 972 

45,  298 

44,  352 

301                        .  . 

302 

50, 709 

50. 133 

ir 


In  colony  No.  201  the  queen  was  caged  twice,  the  first  time  March 
25,  when  the  first  package  was  installed,  until  her  release  on  March  29. 
Three  days  later  she  was  again  caged,  because 
the  two  additional  packages  of  bees  were  in- 
stalled at  that  time.  By  April  5,  or  four  days 
later,  she  had  again  been  released  by  her  bees. 
The  first  sealing  of  brood  from  eggs  laid  after 
the  queen's  second  release  occurred  on  April  15, 
or  14  days  after  the  second  lot  of  bees  had  been 
united  with  the  first.  A  few  cells  of  brood  re- 
sulting from  the  activity  of  the  queen  during 
her  first  release  have  been  disregarded  in  the 
computations. 

In  colony  No.  302  the  first  sealing  of  brood 
from  eggs  laid  after  the  package  had  been  united 
with  the  original  colony  occurred  on  April  8, 
which  was  hkewise  14  days  after  the  package 
was  installed.  In  colony  No.  301,  on  the  other 
hand,  the  first  brood  was  sealed  on  May  3,  or 
only  10  days  after  the  package  was  received. 

Although  the  queen  in  No.  301  started  eg^ 
laying  four  days  sooner  after  installation  of  the 
package  than  did  the  queens  in  Nos.  201  and 
302,  their  rates  of  increase  until  the  end  of  the 
eighth  week  are  quite  similar  (fig.  1),  notwith- 
standing the  fact  that  No.  301  was  installed 
three  weeks  later  than  the  last  packages  in  No. 
201,  and  four  weeks  later  than  the  package  in 
No.  302.  Colony  301  showed  little  change  in 
population  in  the  eighth  and  ninth  weeks,  and, 
unfortunately,  became  queenless  at  such  a  time 
that  its  full  performance  during  the  eleventh 
week  could  not  be  calculated.  Colonies  201  and  302  made  gains  in 
population  in  the  ninth  and  tenth  weeks,  but  in  each  case  the  computed 
population  in  the  eleventh  week  shows  little  increase  over  that  in  the 
tenth.     The  figures  for  the  twelfth  week  show  a  decline. 

Comparative  numerical  data  as  to  the  number  of  bees  on  hand 
in  each  colony  at  the  beginning  of  the  experiment  are  not  available, 
but,  on  the  basis  of  the  population  computations,  Nos.  302  and  201 
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Figure  l. — Computed  worker 
populations  for  successive 
weeks  after  installing  package 
colonies  used  in  1926 
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each  had  39,000  bees  at  the  end  of  the  eighth  week,  while  No.  301 
had  slightly  more  than  47,000.  Two  weeks  later,  however,  No.  302 
had  practically  reached  the  50,000  mark,  No.  201  was  at  45,000, 
while  No.  301  was  still  at  about  the  level  of  the  eighth  week.  The 
figures  for  the  tenth  week  represent  about  the  maximum  for  all  tliree 
colonics,  although  Nos.  201  and  302  made  minor  gains  during  the 
next  we?k. 

EXPEKIMENTS  IN   1927 

In  1927  the  work  was  continued  on  a  much  larger  scale,  40  packages 
being  used.  These,  plus  10  additional  packages,  were  received  from 
the  south  by  express  in  lots  of  five.  With  three  exceptions  the 
individual  lots  arrived  at  intervals  of  one  week  over  a  period  of  10 
weeks  beginning  March  16.  The  exceptions  were  lots  3  and  5,  which 
were  received  one  day  behind  their  schedule,  and  lot  6,  which  arrived 
one  day  early.  Each  shipment  consisted  of  a  1-pound,  a  2-pound,  a 
3-pound,  a  4-pound,  and  a  5-pound  package.  They  were  all  on  the 
road  from  two  to  three  days.  Sugar  sirup  from  an  inverted  tin  can 
fastened  in  the  top  of  the  cage  provided  food  on  the  journey  in  addi- 
tion to  any  honey  the  bees  may  have  had  in  their  honey  sacs  when 
shaken  into  the  cages.  A  cloth  wick  extending  through  a  small  hole 
punched  in  the  can  enabled  the  bees  to  get  at  the  sirup. 


SOURCE    OF    THE    BEES 


The  packages  were  all  furnished  by  the  same  producer  to  insure 
uniformity  in  stock  and  in  age  so  far  as  any  particular  breeder 
emphasizes  these  points.  If  they  had  been  ordered  from  several 
different  shippers,  there  would  have  been  the  risk  of  receiving  packages 
put  up  under  widely  difi'erent  conditions  both  as  regards  age  of  the 
bees  and  other  factors.  The  producer  from  whom  the  bees  were 
ordered  was  not  informed  of  the  purpose  for  which  they  were  being 
purchased.  Thus,  in  putting  them  up  he  had  no  occasion  for  using 
care  other  than  that  taken  regularly. 

All  the  queen  bees  used  in  tliis  experiment  were  introduced  after  the 
packages  had  been  installed  in  the  hives.  In  no  case  did  a  package 
arrive  with  a  queen  bee  already  introduced  into  it.  In  nearly  every 
case  the  queen  bee  was  in  a  mailing  cage  suspended  by  fine  wire  inside 
the  package.  In  some  instances  these  mailing  cages  were  nailed  to  the 
outside  of  the  shipping  cage.  The  queen  bees  used  for  the  first  three 
lots,  however,  were  obtained  from  a  producer  other  than  the  one 
furnishing  the  bees,  so  that  these  lots  were  shipped  altogether  queen- 
less,  while  the  (jueens  came  by  mail.  The  queen  bees  for  the  last 
two  lots  also  came  by  mail,  while  the  packages  were  shipped  queenless 
by  express. 

HANDLING    THE    PACKAGE 

l^efoic  a  sliipment  was  received  a  hive  was  prepared  for  each 
package.  A  10-framo  hive  body  filled  with  empty  drawn  combs  was 
used  in  each  case  and  above  this  hive  body  an  empty  half-deptli  super 
was  placed,  and  tiien  the  inn(>r  cover  and  the  outer  cover.  The 
entrance  was  cI()S(m1  down  to  a  Ixm-  space  wIhmi  the  ])ackage  was  hived, 
and  latci-  was  oj)ciu>d  wider  when  n(>cessaiy.  A  iioardnuin  feeder 
block  with  a  2-c|uart  glass  can  was  provided  at  the  rear  of  each  hive. 
The  feeder  block  was  shoved  through  an  opening  cut  in  the  bottom 
board. 
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Each  of  the  shipping  cages  had  two  holes  in  its  cover,  one  being 
stopped  by  the  food  can  and  its  tin  flange  and  the  other  by  a  thin 
piece  of  wood.  When  the  package  was  installed,  the  food  can  and  the 
piece  of  wood  were  removed  from  the  container,  thus  providing  ample 
exits.  The  cage  was  then  placed  on  its  side  within  the  half-depth 
super,  resting  immediately  upon  the  top  bars  of  the  frames.  No 
special  attempt  was  made  to  get  the  bees  out  of  the  package  at  this 
time,  but  in  most  cases  they  were  all  out  by  the  following  morning. 
The  shipping  cages  and  the  half-depth  supers  were  then  removed, 
after  shaking  out  any  bees  which  might  still  be  lingering  in  the  ship- 
ping cages.  This  method  of  instalhng  the  packages  proved  highly 
convenient  during  the  experiment,  since  the  cages  were  emptied  of 
bees  and  were  later  removed  with  scarcely  any  disturbance  being 
caused  to  the  bees  themselves.  All  the  lots  were  received  at  the 
bee-culture  laboratory  in  the  afternoon,  and,  with  the  exception  of  lot 
10,  were  installed  on  the  day  of  receipt. 

In  each  hive  a  Miller  introducing  cage  containing  a  queen  bee  was 
suspended  between  two  of  the  combs  by  a  bent  nail,  before  the  package 
was  installed.  The  queen  bee  was  placed  in  this  cage  without  attend- 
ants, the  exit  hole  being  stopped  soHdly  with  candy.  In  the  first  lots 
the  queen  was  caged  "safely"  by  tacking  a  narrow  tin  strip  across  the 
candy  on  the  outside  of  the  cage,  as  described  by  E.  R.  Root  (35)  in 
1908.  In  such  instances  the  tin  w^as  removed  the  next  day,  giving  the 
workers  a  chance  to  eat  out  the  candy.  Whether  the  tin  was  used  or 
not,  the  candy  was  eaten  and  the  queen  freed  usually  within  24  hours 
to  36  hours  after  the  workers  had  access  to  the  candy.  Sometimes  in 
cool  weather,  before  the  cage  with  its  queen  bee  was  hung  between  the 
frames,  it  was  thrust  into  the  package  cage  for  a  minute  or  so  until  a 
handful  of  bees  clustered  on  it. 

In  order  to  determine  the  number  of  drones  m  the  various  packages, 
excluders  were  placed  between  the  hive  bodies  and  the  half-depth 
supers  used  in  preparing  the  hives  for  all  the  lots  except  the  first  two. 
The  workers,  of  course,  quite  readily  passed  through  the  excluder 
to  the  comb  below,  where  the  queen  w^as  already  caged,  while  any 
drones  were  trapped  above  in  the  half-depth  super.  In  most  cases 
they  were  clustered  the  next  morning.  The  highest  number  found 
in  any  package  did  not  exceed  75. 

Since  the  main  purpose  of  this  experiment  was  to  see  how  rapidly 
packages  of  various  sizes  build  up,  and  since  packages  were  received 
over  a  period  of  10  weeks,  during  which  time  any  nectar  flow  would 
normally  be  subject  to  variation,  feeding  was  resorted  to  contin- 
uously for  all  packages  to  insure  that  each  was  under  the  same 
conditions  as  to  abundance  of  food  supplies  at  all  times.  It  is  to  be 
remembered  that  the  packages  were  installed  on  drawn  combs,  all  of 
which  were  empty  except  for  a  cupful  of  the  sirup  poured  into  one  of 
them  just  before  installation.  The  queen  in  her  cage  was  placed 
next  to  this  sirup. 

The  sirup  given  consisted  of  5  parts  of  sugar  to  3  of  water.  This, 
of  course,  approaches  a  winter  sirup  rather  than  one  for  stimulative 
feeding.  The  object  in  using  sirup  of  this  thickness  was  to  reduce 
the  activity  of  the  bees  in  driving  off  the  excess  water.  The  relative 
quantities  of  sirup  used  per  day  by  the  various  colonies  could  readily 


14       TECHNICAL   BULLETIN    309,  U.  S.  DEPT.  OF   AGRICULTUEE 

be  gaged  b}"  measuring  in  inches  how  much  the  level  of  the  sirup  in 
each  can  was  lowered.     These  Avere  replenished  as  soon  as  empty. 

In  all  lots  the  net  weight  of  living  bees  on  hand  was  determined 
for  each  package  on  arrival.  A  sample,  usually  of  50  to  100  A\orkers, 
was  then  taken  from  each  package  in  each  lot  except  the  first,  and 
the  average  weight  of  the  individuals  in  the  sample  was  determined. 
This  was  used  as  the  average  weight  of  individuals  in  the  whole 
package  in  computing  their  total  number  from  the  weiglit  of  live 
bees  in  the  package.  These  data  will  be  presented  in  tables  and  will 
be  discussed  later. 

The  last  numeral  in  the  numbers  designating  the  various  colonies 
used  in  1927  denotes  the  size  of  the  packages  in  pounds  as  billed  by 
the  producer.  Thus  Xo.  402  represents  a  2-pound  package,  while 
No.  424  represents  a  4-pound  package. 

It  should  be  noted  further  that  lot  No.  1  includes  package  colonies 
Nos.  401  to  405,  lot  No.  2,  colonies  Nos.  411  to  415,  and  so  on  through 
the  series  to  lot  No.  10  which  includes  colonies  Nos.  491  to  495. 

FLORAL  AND  WEATHER  CONDITIONS 

Ordinarily  in  the  vicinity  of  Somerset,  Md.,  pollen  from  the  field 
becomes  available  as  early  as  March  in  sufficient  quantities  to  supply 
normal  brood-rearing  requirements.  This  held  true  in  1927,  and  all 
the  package  bees  had  an  abundant  pollen  supply  from  the  time  they 
were  hived,  with  the  possible  exception  in  some  instances  of  a  few 
days  of  cool  or  rainy  weather.  A  sufficient  supph^  of  sirup  or  honey 
and  of  pollen  was,  therefore,  availa})le  practically  at  all  times.  The 
main  nectar  flow,  that  from  the  tuliptree,  was  on  in  full  force  by  May 
17  and  lasted  until  the  first  week  in  June.  Some  nectar  was  avail- 
able from  sweetclover  in  the  remainder  of  June. 

In  spite  of  any  endeavor  to  secure  bees  of  a  uniform  stock  and  age, 
or  to  provide  an  abundance  of  food,  weather  conditions  remain  a 
variable  factor.  During  this  particular  experiment  it  was  unseas- 
onablj'  cold  on  seven  of  the  last  nine  days  in  March;  during  two 
5-day  intervals,  one  4-da3^  interval,  and  one  S-daj^  interval  in  April; 
and  for  a  7-day  interval  in  the  middle  of  May.  (Fig.  2.)  From  the 
day  after  the  beginning  of  the  experiment,  March  17,  until  April  5 
the  ma.ximum  temperature  ranged  below  55°  F.  except  on  March  30 
and  31,  when  the  temperature  reached  56°  and  G2°,  respectively. 
On  April  6  it  reached  68°,  but  on  the  morning  of  April  9  the  ground 
was  white  with  snow.  On  April  12  the  temperature  reached  74° 
during  the  day.  At  that  time  apple  trees  were  in  bloom,  and  much 
pollen  was  carried  in.  On  April  17  a  scale  colony  registered  a  gain 
of  1  kilogram.  The  last  nine  days  in  April  were  cool,  the  temperature 
being  46°  or  lower  every  morning  except  one  wlien  it  was  50°.  May 
saw  much  warmer  weather,  ultliougJi  from  the  12t]i  to  the  18th  the 
temperature  ranged  between  45°  and  53°  in  the  morning.  B,y 
o})tjiining  the  bees  over  a  period  of  weeks,  however,  instead  of  all  at 
once,  tlierc  was  less  chnnce  of  having  the  whole  experiment  too 
seriously  affected  by  any  iid verse  weather,  and  a  better  opportunity 
was  given  to  study  the  time  of  arrival  of  the  package  in  relation  to 
the  main  honey  flow. 
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BROOD  REARING  OF  THE  PACKAGE  COLONIES 

A  coinplete  history  of  each  individual  colony  used  in  1927,  with 
particular  reference  to  its  brood  rearing,  would  involve  much  repeti- 
tion of  detail  which  often  varies  little  from  colony  to  colony.  Con- 
sequently the  colonies  will  only  be  discussed  collectively  in  connection 
with  the  general  facts  brought  out  by  the  experiment  as  a  whole. 
The  reader  will  be  able,  however,  to  trace  readily  the  brood-rearing 
record  of  any  individual  colonv  from  the  data  on  sealed  brood  con- 


zo 


Figure  2.— Departure  nf  mean  daily  temperature  from  norma!  mean  from  March  to  June,  1927,  in- 
clusive. Heavy  line  represents  normal  mean  temperature,  with  mean  daily  departure  above  it 
shown  by  unshaded  graph  and  mean  daily  departure  below  it  by  shaded  graph.  (IJata  taken 
from  Monthly  Meteorological  Suniniary  for  Washington,  D.  C,  published  by  the  Weather 
Bureau,  U.  S.  Department  of  Agriculture,  for  the  month  in  question) 

tained   in    Table    5.     The    emergence    rates   computed    for   various 
successive  periods  are  also  included  in  that  table. 

Table  5. — Record  of  sealed  brood  and  computed  emergence  of  workers  in  package 

colonies  at  Somerset,  Md.,  1927 


COLONY 

NO.  401 

COLONY 

NO.  402 

Sealed-brood  counts 

Computed  emergence  of 
workers 

Sealed-brood  counts 

Computed  emergence  of 
workers 

Days 

Aver- 

Days 

Aver- 

Date 

Work- 
er 

Drone 

after 
install- 
ing 
package 

Emer- 
gence 

age 
daily 
emer- 
gence 

Date 

Work- 
er 

Drone 

after 
install- 
ing 
package 

Emer- 
gence 

age 
daily 
emer- 
gence 

Mar.  28' 

128 

0 

23-24 

128 

64.0 

Mar.  281 

445 

0 

23-24 

445 

222.5 

31 

166 

285 

25-27 

38 

12.6 

31 

1, 165 

0 

25-27 

720 

240.0 

Apr.     6 

886 

640 

28-33 

720 

120.0 

Apr.    6 

1,981 

0 

28-33 

816 

136.0 

11 

2,104 

398 

34-38 

1,371 

274.2 

11 

1,611 

34-38 

555 

111.0 

16 

3,131 

280 

39-43 

1,520 

304.0 

16 

2,658 

39-43 

1,831 

366.2 

25 

6,040 

67 

44-52 

5,128 

569.8 

25 

6,329 

1 

44-52 

5,230 

581.1 

May    3 

5,527 

42 

53-60 

3,248 

406.0 

May    3 

6,633 

0 

53-60 

4,308 

538.5 

11 

3,038 

28 

61-68 

1,414 

176.7 

11 

6,827 

38 

61-68 

4,673 

584.1 

20 

1,133 

109 

69-77 

603 

67.0 

20 

10, 074 

154 

69-77 

8,322 

924.7 

28 

637 

289 

78-85 

369 

46.1 

28 

11,  231 

623 

78-85 

7,532 

941.5 

1  Sealing  began  on  the  preceding  day. 
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Table  5. — Record  of  sealed  brood  and  computed  emergence  of  workers  in  package 
colonies  at  Somerset,  Md.,  1927 — Continued 

COLONY  NO.  403  COLONY  NO.  413 


Sealed-brood  counts 

Computed  emergence  of 
workers 

Date 

Work- 
er 

Drone 

Days 
after 

install- 
ing 

package 

Emer- 
gence 

Aver- 
age 
daily 
emer- 
gence 

Mar.  281 
31 

Apr.     6 
11 
16 
25 

May    3 
11 
20 
28 

674 

2,094 

4,623 

4,465 

6,112 

12,860 

14, 031 

12,935 

12,021 

13, 822 

ie" 

331 

224 

94 

751 

1,039 

23-24 
25-27 
28-33 
34-38 
39-43 
44-52 
53-60 
61-68 
69-77 
78-85 

674 
1,420 
2,529 
1,463 
3,806 
10,  576 
9,330 
8,270 
8,920 
9,858 

337.0 

473.3 

421.5 

292.6 

761.2 

1,175.1 

1,166.3 

1,033.75 

991.  1 
1, 232.  25 

COLONY 

NO.  404 

Mar.  312 

100 

0 

27 

100 

100.0 

Apr.     6 

4,705 

0 

28-33 

4,605 

767.5 

11 

6,825 

0 

34-38 

2,120 

424.0 

16 

7,669 

0 

39-43 

4,014 

802.8 

25 

13,012 

347 

44-52 

10,  604 

1,178.2 

May    3 

15, 977 

622 

53-60 

11,264 

1,408.0 

11 

16,  812 

560 

61-68 

11,180 

1,  397.  5 

20 

15,  655 

790 

69-77 

11,462 

1,  273.  55 

28 

13,  538 

779 

78-85 

8,444 

1,  055.  5 

COLONY  NO.  405 


Mar.  281 

,544 

0 

23-24 

544 

272.0 

31 

2,473 

0 

25-27 

1,929 

643.0 

Apr.    6 

6,562 

0 

28-33 

4,089 

681.5 

11 

6,732 

0 

34-38 

2,000 

400.0 

16 

7,528 

29 

39-43 

4,165 

833.0 

25 

13,644 

370 

44-52 

11,145 

1, 238.  33 

May    3 

1.5,769 

451 

53-60 

10,816 

1,352.0 

11 

16, 945 

242 

61-fi8 

11,  .537 

1,  442.  1 

20 

16,  269 

592 

69-77 

11,942 

1, 326.  9 

28 

17,994 

568 

78-85 

12,686 

1, 585.  75 

COLONY  NO.  411 


Apr.     7 

20 

0 

27 

20 

11 

257 

28-31 

237 

16 

327 

32-36 

70 

25 

899 

37-45 

857 

May    4 

440 

46-54 
55-56 

154 
3  34 

20.0 
59.  2 
14.0 
95.2 
17.1 
3  17.0 


COLONY  NO.  412 


A  pr.    4 

6 

0 

24 

6 

6 

87 

0 

25-26 

81 

11 

202 

27-31 

lis 

16 

491 

32-36 

295 

25 

1,346 

1 

37-45 

1,169 

May    4 

710 

46-54 

320 

11 

.581 

65-61 

403 

21 

368 

62-71 

253 

June    2 

2,191 

72-83 
84 

2,191 
>183 

6.0 
40.5 
2.3.0 
,59.  0 

129.  U 
35.  55 
57.  .55 
25.  3 

182.  ,58 
1 182.  58 


Sealed-brood  counts 

Computed  emergence  of 
workers 

Days 

Aver- 

Date 

Work- 
er 

Drone 

after 
install- 
ing 
package 

Emer- 
gence 

age 
daily 
emer- 
gence 

Apr.    6< 

878 

0 

24-26 

878 

292.7 

11 

2,436 

27-31 

1,558 

311.6 

16 

4,788 

32-36 

2,645 

529.0 

25 

7,825 

44 

37-45 

6,238 

693.11 

May    4 

6,024 

75 

46-54 

3,945 

438.  33 

11 

9,128 

105 

55-61 

6,937 

991.0 

21 

13,154 

755 

62-71 

11,172  11,117.2 

June    2 

16, 391 

655 

72-83 

16, 391 

1,  365.  93 

84 

3 1, 366 

31,366.  0 

COLONY  NO.  414 


Apr.    6' 

273 

0 

25-26 

273 

136.5 

U 

2,097 

27-31 

1,824 

364.8 

16 

4,763 

32-36 

2,666 

533.2 

25 

8,499 

37^5 

6,899 

766.6 

May    4 

6,523 

1 

46-54 

4,223 

469.2 

11 

9,984 

15 

55-61 

7,638 

1, 091.  1 

21 

16,420 

97 

62-71 

14,  238 

1,  423.  8 

June    2 

17,605 

333 

72-83 

17,  605 

1,  467.  08 

84 

3 1, 467 

31,467. 0 

COLONY   NO.  415 


Apr.    3 

103 

23 

103 

6 

1,295 

0 

24-26 

1,192 

11 

3,315 

0 

27-31 

2,020 

16 

6,735 

1 

32-36 

3,920 

25 

11,010 

214 

37^5 

8,658 

May    4 

11,907 

223 

46-.54 

9,021 

11 

14,090 

161 

55-61 

9,078 

21 

14,  296 

362 

62-71 

11,702 

June    2 

15,277 

756 

72-83 

15,277 

.^ 

84 

3 1,  273 

103.0 

297.3 

404.0 

784.0 

962.0 

002.3 

1,296.9 

1, 170.  2 

1,  273. 1 

31,273.0 


COLONY  NO.  421 


Apr.   11 

33 

23 

33 

33.0 

16 

975 

24-28 

942 

188.4 

26 

,5, 347 

29-38 

4,970 

497.0 

.May    5 

3,827 

2 

39-47 

2,336 

259.  55 

13 

7,509 

55 

48-55 

6,471 

80S.  9 

23 

12.  162 

22 

56-65 

10,  545 

1,0.54.5 

June    3 

13,996 

259 

66-76 

12,942 

1,  176.54 

77 

3  1.177 

1,177.0 

COLONY  .\0.  422 


Apr. 


.VInv 


June 


11 

51 

23 

51 

12 

I7H 

24 

127 

16 

1.274 

25-28 

I,0*.«> 

■J6 

7.  139 

19 

29-38 

6,  891 

5 

9.  140 

32 

39-47 

7.073 

13 

8,  555 

78 

48-55 

5,412 

23 

11,232 

237 

56-65 

9,  879 

3 

11,293 

253 

66-76 
77 

10,  .305 
3  937 

51,0 
127.0 
274.  0 
689.  1 
785.  ^5 
676.5 
987.9 
936.  8 
3  936.8 


'  l^CiiUng  begun  on  the  preeeiling  diiy. 

»  The  (irst  diitc  in  each  section  of  this  table  is  the  first  day  of  sealing,  unless  otherwise  noted. 

3  Estimiileil. 

•  First  sealing  occurred  2  days  earlier. 
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Table  5. — Record  of  sealed  brood  and  covi'puted  eviergence  of  workers  in  package 
colonies  at  Somerset,  Md.,  i 9.27— Continued 


COLONY  NO.  423 


Sealed-brood  counts 

Computed  emergence  of 
workers 

Date 

Work- 
er 

Drone 

Days 

after 
install- 
ing 
package 

Emer- 
gence 

Aver- 
age 
daily 
emer- 
gence 

Apr.  16 
25 

May  4 
13 
24 

June    3 

223 

5,517 

8,521 

7,601 

10, 674 

13.  365 

46 
395 
672 

28 
29-37 
38-46 
47-55 
56-66 
67-76 

77 

223 

5,294 

6,756 

5,  349 

10,080 

11,532 

3  1,  153 

223.0 
588.  2 
750.  67 
594.3 
916.36 
1,153.2 
n, 153.0 

COLONY  NO.  424 


Apr.  14 
16 
26 

Mav  5 
13 
23 

June     3 


34 

26 

34 

576 

27-28 

542 

6,419 

232 

29-38 

5,877 

8,433 

434 

39-47 

6,670 

8,928 

295 

48-55 

5,964 

8,965 

478 

56-65 

7,474 

11,163 

457 

66-76 

10.416 

77 

3947 

34.0 
271.0 
587.7 
741.1 
745.5 
747.4 
946.9 
3  946.  9 


COLONY  NO.  425 


Apr.    11 

31 

23 

31 

31.0 

12 

45 

24 

14 

14.0 

16 

2,214 

25-28 

2,169 

542.2 

26 

9,217 

42 

29-38 

8,133 

813.  3 

Mav    5 

12,  740 

51 

39-47 

10,  300 

1,  144.  44 

13 

12,  883 

230 

48-55 

8.  305 

1,038.  1 

56 

3  1,038 

n, 038.0 

COLONY  NO.  431 


Apr.   16 

131 

22 

131 

131.0 

25 

3,215 

23-31 

3,084 

342.7 

May    5 

2,508 

2 

32-41 

1,823 

182.  3 

13 

4,688 

42-49 

3,959 

494.  9 

24 

9,  202 

22 

50-60 

8,707 

791.6 

June    3 

13,  774 

291 

61-70 

12,  191 

1,219.  1 

COLONY  NO.  432 


Apr.  16 
25 

May  6 
13 
24 

June    3 


383 

6, 260 

4,250 

6,583 

15,  259 

18,310 


4 
168 
394 


22 
23-31 
32-42 
43-49 
50-60 
61-70 


383 

5,877 

3,597 

4,948 

14.  552 

15,664 


383.  0 
653.  0 
327.  0 
706.9 
1,322.9 
1,  566.  4 


COLONY  NO.  433 


Apr.  16 
25 

Mav  5 
13 
24 

June    3 


1C9 

7.343 

6,297 

8,  309 

15,707 

17,691 


14 
434 
516 


22 
23-31 
32-41 

42-49 
50-60 
61-70 


169 

7,  174 

4,703 

6,  428 

14,  903 

14,  981 


169.0 
797.1 
470.  3 
803.  5 
1,354.8 
1,  498.  1 


COLONY  NO.  434 


Sealed-brood  counts 

Computed  emergence  of 
workers 

Date 

Work- 
er 

Drone 

Days 
after 

install- 
ing 

package 

Emer- 
gence 

Aver- 
age 
daily 
emer- 
gence 

Apr.  16 
25 

May  5 
13 
24 

June    3 

281 

7,687 

6,  501 

8,619 

15,111 

16,902 

i 
5 

21 

314 
632 

22 
23-31 
32-41 

42-49 
50-60 
61  -70 

281 

7,406 

4,915 

6,654 

14,  280 

14,  306 

281.0 
822.9 
491.5 
831.75 
1,  298.  2 
1,430.6 

COLONY  NO.  435 


Apr.   16 

256 

22 

256 

256.0 

25 

7,220 

23-31 

6,964 

773.  78 

Mav    5 

6,030 

/ 

32-41 

4,482 

448.2 

13 

8, 944 

66 

42-49 

7,151 

893.9 

24 

10,  901 

13S 

50-60 

10,007 

909.  73 

June    3 

12, 984 

194 

61-70 

11,165 

1,116.5 

COLONY  NO.  441 


Apr.  25  6 

770 

21-23 

770 

256.  67 

Mav    3 

4,271 

24-31 

3,  501 

437.6 

13 

4,771 

5 

32-41 

3,896 

389.6 

24 

7,733 

13 

42-52 

7,343 

667.  5 

June    4 

12,  249 

85 

53-63 

11,581 

1,  052.  8 

10 

13,116 

362 

64-75 

13,116 

1,093.0 

25 

14, 929 

401 

76-84 

11,650 

1,294.4 

COLONY  NO.  442 


Apr.  251 

387 

22-23 

387 

193.9 

Mav    3 

4,072 

24-31 

3,  685 

460.6 

13 

3,  301 

11 

32-41 

2,380 

238.  0 

24 

7,558 

5 

42-52 

7,320 

665.  46 

June    4 

12,525 

197 

5.3-63 

11,859 

1,078.1 

16 

13,  598 

315 

64-75 

13,  598 

1,  1.33.  14 

25 

16,  735 

258 

76-84 

13,  335 

1,481.7 

COLONY  NO.  443 


Apr.  25' 

674 

22-23 

674 

337.0 

May    3 

6, 224 

24-31 

5.  550 

693.  75 

13 

6,907 

31 

32-41 

5,520 

552.  0 

24 

11.269 

64 

42-52 

10.717 

974.3 

June     4 

1.5,332 

209 

53-63 

14,  358 

1,305.3 

16 

1.5,493 

61 

64-75 

15,  493 

1,291.1 

25 

15, 899 

139 

76-84 

12,  0:6 

1,336.1:2 

COLONY  NO.  444 


May    3 

682 

31 

682 

682.0 

13 

8,388 

35 

32-41 

7.706 

770.6 

24 

9,754 

421 

42-52 

8,983 

816.  63 

June    4 

13,  713 

423 

53-63 

12, 896 

1, 172. 30 

16 

12, 284 

549 

64-75 

12,284 

1,023.67 

25 

12, 126 

710 

76-84 

9,045 

1, 005.  0 

'  Sealing  began  on  the  preceding  day. 

3  Estimated.  ,.     , 

5  Only  a  few  sealed  worker  cell.'^  were  found  on  Air.  23,  but  in  the  computations  this  date  marks  a 
full  day',s  sealing. 

106878—32 3 
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Table  5. — Record  of  sealed  brood  and  computed  emergence  of  workers  in  package 
colonies  at  Somerset,  Md.,  1927 — Continued 


COLONY  NO.  445 


Sealed-brood  counts 


Computed  emergence  of 
workers 


Days 

Aver- 

Date 

Work- 
er 

Drone 

after 
install- 
ing 
package 

Emer- 
gence 

age 
daily 
emer- 
gence 

Apr.  251 

637 

22-23 

637 

317.5 

May    3 

6,394 

84 

24-31 

5,757 

719.6 

13 

8,713 

187 

32-41 

7,274 

727.4 

24 

9,325 

412 

42-52 

8,598 

781.6 

June    4 

10, 678 

467 

53-63 

9,896 

899.  63 

16 

9,911 

415 

64-75 

9,911 

825.9 

25 

9,325 

447 

76-84 

6,847 

760.  77 

COLONY  NO.  461 


May    3< 

1,700 

24-26 

1,700 

13 

9,173 

7 

27-36 

8,040 

25 

10,504 

81 

37^8 

10,504 

June    6 

15, 256 

125 

49-60 

15, 256 

17 

14,247 

458 

61-71 
72 

12, 976 
8  1, 225 

30 

15,236 

243 

73-84 

15,236 

566.7 
804.0 
875.3 
1, 271. 3 
1, 179. 6 
n,225.0 
1, 269.  7 


COLONY  NO.  452 


May    3« 
13 
25 

June    6 
17 

30 


2,343 

22-26 

2,343 

8,069 

56 

27-36 

7,132 

9,620 

66 

37-48 

9,620 

12. 151 

549 

49-60 

12, 151 

14, 381 

231 

61-71 

13, 368 

72 

» 1, 208 

14,400 

555 

73-84 

14,400 

468.6 
713.2 
801.7 
1,012.6 
1. 215. 3 
n, 208.0 
1, 200.  0 


COLONY  NO.  463 


May    3« 

3,557 

13 

22-26 

3,657 

711.4 

13 

13, 467 

97 

27-36 

12,044 

1,204.4 

25 

15, 339 

435 

37-48 

15,339 

1, 278. 3 

June    6 

18, 219 

625 

49-60 

18,219 

1,  518.  3 

17 

19.444 

656 

61-71 

17, 926 

1,629.6 

29 

16,942 

678 

72-83 

16,942 

1,411.8 

84 

»  1,412 

n,412.0 

COLONY  NO.  454 


May 


June 


31 

1,788 

25-26 

1,788 

13 

10, 531 

63 

27-36 

8,743 

25 

11,270 

515 

37-48 

11,270 

0 

16,209 

486 

49-60 

16,209 

17 

16,435 

442 

61-71 
72 

15, 084 
«  1,408 

30 

17,324 

654 

73-84 

17,324 

894.0 
874. 3 
939.2 
1, 350. 75 
1,371.3 
n,407.5 
1. 443.  7 


1  Sealing  began  on  the  preceding  day. 

«  Estimated. 

•  First  .sealing  occurred  2  days  earlier. 

«  First  .scaling  occurrnl  four  days  earlier. 

'  Obviously  nnt  a  full  Any. 

'  First  sealinc  occiirrcil  five  days  earlier. 


COLONY  NO.  455 


Sealed-brood  counts 


Computed  emergence  of 
workers 


Date 

Work- 
er 

Drone 

Days 

after 
install- 
ing 
package 

Emer- 
gence 

Aver- 
age 
daily 
emer- 
gence 

Apr.  28' 
May    3 
13 
25 
June    6 
17 
29 

4 

3,988 
14,  597 
14,482 
15,640 
12,094 
10, 927 

59' 

64 

87 

2 

3 

21 
22-26 
27-36 
37  48 
49-60 
61-71 
72-83 

84 

4 

3,984 
13,003 
14, 482 
15,540 
10, 799 
10, 927 

9  911 

4.0 

796.8 

1,300.3 

1,206.8 

1, 295. 0 

981.7 

910.6 

'  910.  6 

COLONY  NO.  463 


May  116 

2,408 

22-26 

2,408 

481.6 

27-28 

1.493 

746.5 

25 

12, 138 

36 

29-40 

12, 138 

1,011.5 

June    6 

13, 199 

125 

41-52 

13, 199 

1, 099.  9 

17 

16, 198 

485 

53-63 

15.098 

1, 372.  6 

29 

17,936 

372 

64-75 

17, 936 

1, 494.  7 

July    8 

16, 140 

349 

76-84 

11, 656 

1, 295. 1 

COLONY  NO.  471 


May  21 « 
June    1 
13 


July 


23 

5 

16 


1,524 
2,610 
5,404 
8,620 
10,911 
10, 665 


4 
123 


24-29 
30-40 
41-52 
53-62 
63-74 
76-84 


1,524 
2,356 
5.404 
7.719 
10,911 
8,847 


254.0 
214.2 
450.3 
771.9 
909.2 
884.7 


COLONY  NO.  472 


May 
June 


July 


13? 

1 

21 

1  ' 

21 

6,538 

14 

22-29 

6,537 

1 

11,829 

125 

30-40 

11,012 

13 

13, 447 

165 

41-52 

13,447 

23 

17,033 

252 

53-62 

14,  792 

6 

19, 315 

233 

63  74 

19,315 

16 

17, 070 

259 

75-84 

13, 851 

1.0 

817.1 
1,001.1 
1,  120.  6 
1,479.2 
1, 609.  6 
1, 385.  1 


COLONY  NO.  473 


May  218 

6,450 

2 

24-29 

6,450 

1,  076.  0 

June    1 

12, 826 

40 

30-40 

11,751 

1,068.3 

13 

11,936 

31 

41-52 

11,936 

99-1.  7 

23 

17, 369 

195 

53-62 

15, 380 

1.53S.0 

July     5 

19,  756 

105 

63-74 

19,  756 

1, 646.  3 

15 

16,091 

254 

75-84 

12, 798 

1, 279. 8 
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Table  5.- 


-Record  of  sealed  brood  and  computed  emergence  of  workers  in  package 
colonies  at  Somerset,  Md.,  1927 — Continued 


COLONY  NO.  47 


Sealed-brood  counts 

Computed  emergence  of 
workers 

Date 

Work- 
er 

Drone 

Days 
after 

install- 
ing 

package 

Emer- 
gence 

Aver- 
age 
daily 
emer- 
gehce 

May  21 » 

June    1 

13 

23 

July     5 

15 

7,133 
13,476 
14, 265 
17, 574 
15, 065 
10,  566 

6 

14 
379 
461 
853 

478 

22-29 
30-40 
41-52 
53-62 
63-74 
75-84 

7,133 
12,  584 
14, 265 
15, 197 
15, 065 

8,055 

891.6 
1, 144.  0 
1, 188.  7 
1,519.7 
1,  255.  4 

805.5 

COLONY  NO.  491 


June    2* 

2,791 

0 

24-26 

2,791 

930.3 

27 

3  708 

3  707.  5 

15 

5,817 

7 

28-39 

5,817 

484.  75 

27 

8,772 

4 

40-51 

8,772 

731.0 

July     8 

12,107 

0 

52-62 

11,376 

1, 034.  2 

19 

11,151 

0 

63-73 

10,117 

919.7 

30 

12,489 

0 

74-84 

11,  569 

1, 051.  7 

COLONY  NO.  492 


May  28' 

1 

0 

21 

1 

1.0 

June    2 

1,645 

0 

22  26 

1,644 

328.  8 

27 

S490 

3  490.  0 

15 

7,821 

0 

28-39 

7, 821 

651.  75 

27 

8,264 

0 

40-51 

8,264 

688.7 

July     8 

10,408 

1 

52-62 

9,719 

883.6 

19 

8,698 

0 

63-73 

7,815 

710.4 

30 

7,743 

0 

74-84 

7,033 

639.4 

COLONY  NO.  493 


Sealed-brood  counts 

Computed  emergence  of 
workers 

Date 

Work- 
er 

Drone 

Days 

after 
install- 
ing 
package 

Emer- 
gence 

Aver- 
age 

daily 
emer- 
gence 

June    2  ■ 

15 
27 
July     8 
19 
30 

1,619 

9,557 

10, 201 

12, 466 

7,789 

8,490 

296 
377 
277 

i' 

2&-26 
27 
28-39 
40-51 
52-62 
63-73 
74-84 

1.619 

3  803 

9,557 

10, 201 

11,616 

6,733 

7,878 

809.5 
3  803.  0 
796.4 
850.1 
1, 056.  0 
612.1 
716.2 

COLONY  NO.  494 


May  287 
June     2 

15 
27 

July  8 
20 

Aug.    1 


4 

21 

4 

3,978 

22-26 

3,974 

27 

'902 

12, 100 

19 

28-39 

12,100 

12, 347 

9 

40-51 

12, 347 

14, 542 

52-62 

13, 513 

12, 248 

63-74 

12, 248 

11, 147 

75-86 

11, 147 

4.0 

794.8 
3  902.  0 

1. 008. 3 
1, 028.  9 

1. 228. 4 
1, 020. 66 

928.9 


COLONY  NO.  495 


June    2< 

1,080 

24-26 

1,080 

360.0 

27 

3  433 

3  443.  0 

15 

6,277 

131 

28-39 

6,277 

523.0 

27 

13, 858 

129 

40-51 

13, 858 

1, 154. 8 

July     8 

15,015 

117 

52-62 

13, 860 

1,  260.  0 

20 

11,870 

3 

63-74 

11,870 

989. 15 

Aug.     1 

12,  007 

75-86 

12,007 

1, 000.  5 

•  Sealing  began  on  the  preceeding  day. 

3  Estimated. 

<  First  sealing  occurred  2  days  earlier. 

1  Obviously  not  a  full  day. 

«  A  few  sealed  cells  were  found  on  May  13  but  these  have  been  disregarded  in  the  computation. 

DISCUSSION  OF  FACTS  BROUGHT  OUT  IN  1927  BY  PACKAGE  COLONIES 

AS  A  WHOLE 

WEIGHT  OF  LIVE  BEES   IN    PACKAGE  ON  ARRIVAL   IN  COMPARISON  WITH  WEIGHT 

BILLED  BY  SHIPPER 

Since  each  of  the  weekly  lots  consisted  of  one  1-pound,  one  2- 
pound,  one  3-poimd,  one  4-pound,  and  one  5-pound  package,  the 
total  weight  of  bees  in  each  shipment  should  have  been  15  pounds. 
Furthermore,  since  10  shipments  in  all  were  received,  the  total  weight 
of  bees  in  these  10  shipments  should  have  been  150  pounds.  As  a 
matter  of  fact,  when  the  individual  weights  of  live  bees  in  all  the 
packages  are  added  the  total  (Table  6)  is  found  to  be  152%  pounds. 
The  total  weight  of  bees  in  the  40  colonies  actually  used  in  the  ex- 
periment in  1927  should  have  been  119  pounds,  but  the  actual  live 
weight  received  was  120  pounds. 
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Table  6. —  Weight  of  live  bees  in  packages  when  received  at  Somerset,  Md.,  1927 


Weight  of  bees 
called  (or  in 

Weight  of  live  bees  in  packages  in— 

tlie  order 

Lot  1 

Lot  2                 Lot  3 

Lot  4 

Lots 

Lot  6 

Ponnds 

1 

2 

3 

4 

Pounds 
1.56 
1.94 
2.95 
3.92 
5.32 

Kilos 
0.71 
.88 
1.34 
1.78 
2.42 

Pounds 
1.47 
2.13 
3.59 
4.20 
5.19 

Kilos  Pounds 
0.67         1.21 
.  97         2.  51 
1.63         2.99 
1.91  1      4.27 

Kilos 
0.55 
1.14 
1.36 
1.94 
1.91 

Pounds  Kilos 
0. 79     0.  30 
2.13       .97 
3.17     1.44 
2.84     1.29 
2. 49     1. 13 

Pounds 
1.91 
1.83 
2.71 
3.85 
4.20 

Kilos 
0.87 
.83 
1.23 
1.75 
1.91 

Pounds 
1.63 
1.98 
3.45 
4.05 
6.45 

Kilm 

0.74 

.90 

1.57 

1.84 

6 

2.36  1      4.20 

2.93 

Total 

15.69 

7.13 

16.58 

7.64 

15.18 

6.90 

11.42 

5.19 

14. 50 

6.59 

17.56 

7.98 

Lot  7 

Lots 

Lot  9 

Lot  10 

Total 

Average 

1 

1.32 
2.22 

0.60 
1.01 

0.64 
2.11 
3.12 
2.90 
4.00 

0.29 

2.51 

1.14 
1.30 
1.33 
2.31 
1.77 

1.47 
2.33 
3.37 

4.47 
4.47 

0.67 
l.Ofi 
1.53 
2.03 
2.03 

14.  51 
22.04 
31.36 
39.72 
45.07 

G.60 
10.02 
14.  25 
18.05 
20.49 

1 
1.451     0.66 

2 

.96         2.86 
1.42  j      2.93 
1.32         5.08 
1.82  1      3.89 

2.204  1  1.002 

3 

4 

5 

3.08 
4.14 
4.86 

1.40 
1.88 
2.21 

3. 136  1  1.  425 
3.972  ;  1.S05 
4.607  i  2.049 

Total 

15.62 

7.10 

12.77 

5.81 

17.27 

7.85 

16.11 

7.32 

152. 70 

69.41 

16.27     1  6.941 

i 

In  the  foregoing  totals  the  weight  of  dead  bees  is  not  inchided ;  this 
weight  (Table  7)  was  almost  Sji  pounds  on  the  basis  of  5,000  bees  to 
the  pound.  This  is  slightly  more  than  2  per  cent  of  the  weight  called 
for  in  the  total  order,  or  of  the  total  poundage  shipped.  Although 
the  weight  of  live  bees  when  received  favored  the  purchaser,  yet  an 
actual  loss  in  dead  bees  of  even  2  per  cent  seems  higher  than  neces- 
sary, especially  when  it  is  noted  that  six  packages  (Nos.  402,  431, 
435,  442,  443,  and  474)  furnished  about  half  of  the  total  number  of 
dead  bees.  The  number  in  each  of  the  packages  ranged  from  1,105 
to  1,870.  No  particular  reason  was  found  for  this  heavy  mortality 
save  in  the  case  of  No.  431,  in  which  the  1,374  dead  bees  may  be 
accounted  for  in  part  by  the  fact  that  the  sirup  container  had  no 
hole  and  so  the  bees  had  no  access  to  the  feeder.  All  of  the  other 
five  packages  had  taken  sirup,  some  of  them  quite  abundantly,  but 
none  were  out  of  sirup. 

Table  7. — Number  of  dead  bees  in  packages  on  arrival 


Paclsage  No. 

Dead 
bees 

Package  No. 

Dead 
bees 

Package  No. 

Dead 
bees 

Package  No. 

Dead 
bees 

401 

660 
1,870 

330 

220 
15 
90 
52 
50 
45 

125 
45 
50 

100 

424 

100 
100 

1,374 
100 
200 
LW 

1,127 
636 

1, 4,'X) 

1,642 

372 

944 

50 

452 

71 

16 

200 

80 

35 

220 

100 

230 

100 

25 

10 

75 

1,105 

475 

695 

402 

425 

453 

481 

50 

403 

431 

454 

482 

150 

404 

432 

456 

483 

120 

405 

433 

461 

484.. 

250 

411 

434 

462 

485. 

75 

412 

435      

463 

491 

110 

413 

441 

464 

492 

100 

414 

442 

465 

493 

75 

415 

443 

471 

494    ...     . 

250 

421 

444 

472 

495 

175 

422     .. 

445 

473 

Total 

423 

451 

474 

16,  214 

Of  the  other  44  packages,  25  had  100  or  less  dead  bees;  8  had 
bctwcoii  101  >nid  2(){)  dcMid  boos;  5  had  l)otwoon  201  and  300;  while  the 
other  0  Imd  between  301  and  1,000.  Tlioi-e  were  no  signs  that  star- 
vation played  nmch  part  m  the  loss  occurring  in  these  44.     The  bees 
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in  each  package  had  taken  sirup  on  the  railroad  trip,  but  on  arrival, 
with  only  7  exceptions,  each  package  still  had  over  100  grams  of 
sirup  in  the  can.  Packages  Nos.  412  and  444  had  10  and  20  grams, 
respectively,  while  packages  Nos.  475,  481,  493,  494,  and  495  arrived 
with  their  skup  cans  empty.  Package  No.  475,  with  695  dead  bees, 
had  the  largest  number  of  dead  bees  of  any  of  these  7  packages, 
while  package  No.  481,  with  50  dead  bees,  had  the  smallest  number. 
None  of  the  seven  packages  arriving  with  the  smallest  quantities  of 
sirup  in  their  feeder  cans  were  among  the  six  showing  the  highest 
mortality. 

The  average  weights  of  the  individuals  (Table  9)  in  the  seven  fore- 
going packages  give  no  indication  of  starvation  since  only  one  (No. 
494)  shows  a  low  figure  (107.25  mgm)  in  this  respect.  As  a  matter 
of  fact.  No.  472,  which  had  the  lowest  average  weight  for  individuals 
of  any  of  the  45  packages  for  which  these  data  were  determined, 
arrived  with  sirup  left  in  its  feeder  can  and  had  only  10  dead  bees. 

The  mere  presence  of  sirup  in  the  can  does  not  necessarily  mean  in 
itself  an  abundance  of  sirup  available  to  the  bees,  because  the  sirup 
may  not  have  passed  readily  from  the  can.  Possibly  this  was  a 
contributing  cause  of  the  high  mortality  rate  in  No.  474,  even  though 
the  fact  that  this  package  had  a  low  average  weight  for  individuals  and 
when  received  had  over  100  grams  of  sirup  left  in  the  feeder  can  does 
not  differentiate  it  from  No.  472. 

The  individual  lots  and  the  packages  within  each  lot  display  a  wide 
variation.  The  total  live  weights  for  the  separate  lots  varied  from 
11.42  pounds  to  17.56  pounds.  (Table  6.)  As  for  the  individual 
packages,  in  no  instance  did  the  1-pound  package  contain  exactly 
1  pound  of  live  bees.  Often  it  weighed  more,  but  sometimes  it  weighed 
less.  The  one  in  lot  No.  8,  for  instance,  contained  only  0.64  pound, 
while  the  one  in  lot  No.  9  contained  2.51  pounds.  Varying  values  for 
the  other  lots  could  be  cited.  The  range  for  the  2-pound  package 
was  somewhat  less,  the  minimum  being  1.83  pounds  (that  in  lot  No.  5) 
and  the  maximum  2.86  pounds  (that  in  lot  No.  9).  The  3-pound 
package  ranged  from  2.71  up  to  3.59  pounds.  The  4-pound  package 
fluctuated  about  as  widely  as  did  the  1-pound  package,  ranging  from 
2.84  to  5.08  pounds.  The  5-pound  package  fluctuated  even  more 
widely,  ranging  from  2.49  to  6.45  pounds,  and  in  only  three  lots  did 
it  contain  5  pounds  of  bees  or  more.  If  these  packages  are  typical  of 
the  ordinary  run  of  commercial  packages,  such  wide  variations  in  the 
actual  weights  may  account  in  part  for  the  widely  different  results 
sometimes  reported  from  packages  of  different  sizes.  It  could  not  be 
expected  that  a  supposedly  1 -pound  package  which  really  contained 
2)^  pounds  would  compare  other  than  favorably  with  a  3-pound 
package,  especially  if  the  latter  happened  to  be  a  little  underweight, 
or  even  with  a  supposed  5-pound  package  w^hich  really  contained 
only  2}^  pounds,  as  did  one  package  in  this  experiment. 

Under  a  system  whereby  the  bees  are  weighed  as  shaken,  errors  on 
the  part  of  the  helpers  are  to  be  expected,  when  all  the  conditions 
under  which  bees  are  shaken  are  taken  into  consideration.  Errors 
would  naturally  be  greatest  in  packages  of  about  the  1 -pound  size 
because  1  pound  may  be  so  quicldy  shaken  in  du-ectly  from  the  frame 
or  let  in  from  a  container  that  it  is  easy  to  get  over  the  mark.  Once 
the  bees  are  in,  it  is  less  bother  as  well  as  less  painful  to  nail  the 
package  up  rather  than  to  let  out  or  remove  the  excess  bees,  expecially 
when  they  have  become  angry.    On  the  other  hand,  before  a  5-pound 


22   TECHNICAL  BULLETIN  309,  U.  S.  DEPT.  OF  AGRICULTURE 

package  is  completely  filled  the  bees  already  in  the  package  have  had 
sufficient  time  to  become  quite  stirred  up  and  to  make  vigorous 
attempts  to  get  out  of  the  funnel.  If,  in  addition,  the  last  colony 
from  which  bees  are  being  shaken  does  not  furnish  quite  enough  bees 
to  reach  the  5-pound  mark,  a  tendency  to  stop  short  of  the  mark, 
with  the  thought  that  a  few  more  or  less  matters  little,  might  well 
be  expected.  That  such  actually  is  the  case  seems  e^'ident  from  the 
averages  for  the  various  packages.  Thus  (Table  6)  the  1-pound 
packages  averaged  nearly  one-half  pound  overweight,  the  actual 
average  being  1.451  pounds.  The  5-pound  packages  averaged  nearly 
one-half  pound  underweight,  then-  actual  average  being  only  4.507 
pounds.  The  2-pound  packages  were  one-fifth  of  a  pound  overweight. 
The  3-pound  packages  averaged  about  0.14  pound  overweight;  while 
the  average  of  the  4-pound  package  was  a  mere  trifle  underweight, 
the  exact  amount  of  shortage  being  0.028  pound. 

If  the  foregoing  conditions  are  general,  even  though  the  package 
shipper  loses  notliing,  owing  to  the  fact  that  the  average  of  the  weights 
of  all  his  packages  irons  out  to  the  proper  figure  in  the  long  run,  yet 
individual  purchasers  of  the  bees  here  and  there  lose  money  on  their 
orders,  while  others  obtain  an  undeserved  gain.  Since  it  seems  hard 
to  get  accurate  weighings  at  the  time  of  shaking,  and  since  it  is  a 
simple  matter  to  have  shipping  containers  of  a  standard  weight  as  well 
as  feed  cans  which  contain  a  standard  weight  of  a  given  sirup,  it 
would  seem  a  simple  and  businesslike  procedure  to  weigh  each  pack- 
age again  at  the  station  or, elsewhere  just  before  shipping,  to  deduct 
the  proper  tare  to  cover  shipping  cage  and  food,  and  to  charge  the 
purchaser  only  for  the  weight  of  bees  actually  in  the  package. 

Under  the  foregoing  plan,  the  shipper  could  collect  for  only  2% 
pounds  of  bees  in  the  case  of  package  435,  received  on  April  6,  instead 
of  receiving  pay  for  a  5-pound  package.  On  the  other  hand,  he  would 
receive  pay  for  2%  pounds  of  bees  instead  of  for  only  1  pound  in  cases 
like  package  No.  481,  received  on  May  11.  Such  a  scheme  would 
entail  little  additional  burden  on  the  shipper.  The  result  would  be 
full  value  to  the  buyer  at  least  in  respect  to  weight,  and,  on  the  other 
hand,  full  value  to  the  shipper  for  every  pound  sold,  regardless  of 
accuracy  or  its  lack  on  the  part  of  those  doing  the  shaking. 

Of  course  it  would  be  far  better  for  the  purchaser  to  get  the  exact 
weight  he  orders  in  each  package,  because  if  he  decides  he  needs  a 
certain  number  of  3-pound  packages  for  a  certain  purpose  he  does  not 
order  on  the  basis  of  total  poundage  but  of  individual  units.  Other- 
wise he  would  order  only  in  terms  of  total  poundage.  Consequently, 
in  the  example  given,  although  the  total  poundage  would  be  the  same, 
he  would  not  want  half  of  his  packages  to  contain  only  Iji  pounds  and 
the  other  half  to  contain  4K  pounds,  because  the  strength  of  the  ])ack- 
ages  would  be  too  unequal  for  his  purpose,  and  he  ought  not  to  be  given 
the  task  of  taking  from  one  and  adding  to  the  other  in  order  to  equalize 
them. 

RELATION  BKTWKKN   NUMBKK  OF  BKES  IN  PACKAGK  AS  COMPUTKI)  ON  BASIS  OF 
INDlViniJAL  SAM1M.K  AND  BASIS  OF  5.000  BliES  TO  THE  POUND 

The  numbers  of  bees  in  each  package,  computed  on  the  basis  of  the 
individual  weights  derived  from  the  re])rosentative  sample  (Table  8), 
also  show  wide  variation.  Thus  the  4-pound  package  of  lot  2,  on 
March  23,  contained  4.2  pounds  of  live  bees,  as  dicl  the  5-pound 
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packages  of  lot  3  on  March  31  and  of  lot  5  on  April  14.  Yet  for  the 
4-pound  package  of  lot  2  the  computation  gives  14,585  bees;  for  the 
5-pound  package  of  lot  3,  13,066  bees;  and  for  the  5-pound  package  of 
lot  5,  only  11,365  bees,  a  number  about  20  per  cent  lower  than  that 
computed  for  the  4-pound  package  of  lot  2.  As  another  example,  the 
4-pound  package  in  lot  10  on  arrival  contained  4.47  pounds  of  live 
bees  while  the  5-pound  package  in  lot  6  contained  6.45  pounds,  being 
about  40  per  cent  heavier,  yet  the  computed  total  for  the  latter  in 
bees,  19,376,  was  only  448  more  than  that  computed  for  the  former. 
As  an  extreme  case,  package  No.  445  contained  over  1%  pounds  more 
live  bees  than  did  package  474,  but  its  computed  total  of  individual 
bees  was  less.  These  variations  are  due  obviously  to  variations  in  the 
average  weights  of  individual  bees  in  each  package.  Such  variations 
in  turn  may  probably  be  explained,  in  part  at  least,  by  the  size  of  the 
load  of  food  carried.  In  this  connection,  since  the  bees  in  the  samples 
had  been  confined  not  more  than  three  days,  the  rectal  content  is 
disregarded. 

Table  8. — Number  of  live  bees  in  packages  on  arrival  * 


Package  No. 

Worker 
bees 

Package  No. 

Worker 
bees 

Package  No. 

Worker 

bees 

Package  No. 

Worker 
bees 

411 

5,044 

7,754 

11,985 

14,585 

17, 229 

3,952 

8, 129 

10,021 

14,836 

13,086 

3,175 

6,519 

433 

10,715 

8,638 

7,294 

6,680 

6,573 

10, 120 

13, 629 

11,365 

5,831 

5,622 

10, 300 

14, 671 

455 

19,376 

4,306 

7,429 

10, 755 

14, 329 

14, 288 

2.199 

9,346 

10, 147 

12,241 

14, 527 

8,678 

482 

483 

9,049 

412 - 

434 

461 

9,029 

413 -- 

435 

462 

484 

16, 145 

414 

441 

463 

485 

12, 334 

415 

442 

464 

491 

6,413 

421 

443.      .  . 

465 

492 

8,937 

422 

444— 

471 

493 

10,918 

423 

445 

472 

494 

18,928 

424 

451.. 

452 

473 

474 

495 

16,  003 

425 

431 

453 

475      .- 

432 

454 

481 

•  Computed  from  data  in  Tables  6  and  9. 

In  Table  9,  showing  average  individual  weights  in  samples  of  bees, 
the  minimum  average  is  102.71  mgm,  and  the  maximum  168.06 
mgm.  On  the  other  hand,  if  a  pound  of  bees  contains  5,000  bees  on 
an  average  (34,  V-  760),  the  average  weight  of  an  individual  bee  is 
90.91  mgm.  In  no  case,  as  just  pointed  out,  was  such  a  low  figure 
found.  Obviously,  therefore,  under  these  conditions,  computing  the 
number  of  bees  m  the  packages  on  a  basis  of  5,000  bees  to  the  pound 
would  give  totals  different  from  those  obtained  by  using  the  average 
individual  weight  of  bees  in  a  representative  sample.  For  instance, 
package  421  arrived  with  1.2  pounds  of  living  bees,  which,  at  5,000 
bees  per  pound,  would  mean  6,000  bees.  On  the  basis  of  individual 
weights  (Table  10)  the  number  was  3,952,  or  less  than  two-thirds 
as  many. 
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Table  9. — Average  weight  of  bees  in  samples  from  J+5  packages,   1927 


Lot  Xo. » 


Size  of 
pack- 
age as 
biUed 


Pounds 

1 

2 

3 

4 

5 

1 

2 

3 

4 

15 

1 

2 

3 

4 

15 

1 

2 

3 

4. 

15 

2'".'". 

3— . 


Bpps  in  '  Weight 
co^r,u  ofsam- 
sample        , 


Number 
51 
52 
50 
45 
48 
51 
49 
79 
63 
68 
105 
61 
83 
65 
90 
83 
64 
78 
95 
84 
79 
71 
126 
111 
117 


Mgm 
6,774 
6,505 
6,800 
5,893 
6,575 
7,097 
6,970 

10,  722 
8,238 
9,940 

11,  905 
9,077 

11,154 

9,707 

13,944 

10, 810 

8,081 

9,480 

12, 198 

14,117 

10, 026 

11,366 

19,  206 

13,  922 

17,  693 


Aver- 
age 
weight 
of  indi- 
vidual 
bees 


Mgm 
132.  82 
125. 10 
136.00 
130.  96 
136.  98 
136. 16 
140.  24 
135.  72 
130.  76 
146. 18 
11.3.  38 

148.  80 
134.  39 

149.  34 
154.93 
130.24 
126.  27 
121.  54 
128. 40 
168.06 
126.  91 
160. 08 
152.  43 
125.  42 
151.22 


Lot  No.i 


Pounds 

1 

2 

7 

3 

4 

5 

1 

2 

8 

3 

4 

5 

1 

2 

9 

3 

4 

5 

1 

2 

10-   

3 

4 

15. 

Total 

Size  of 
pack-  Bees  in 
age  as  sample 
billed 


Number 
85 
57 
93 
65 
83 
80 
80 
78 
94 
71 
69 
62 
70 
91 
74 
58 
122 
111 
125 
86 


Weight 
of  sam- 
ple 


Mgm 

11,844 

7,749 

12,  106 
8,528 

12, 838 

10, 552 

8,217 

10,915 

10, 136 

8,895 

9,064 

8,907 

10,311 

13,  020 
10,  620 

6,  OfiO 
14,471 
15,  556 
13,406 
10,  515 


471,910 

Average  weight  of  bees  in  samples 

Weighted  average  ^  individual  weight  of 
bees  in  the  packages.. 


Aver- 
age 
weight 
of  indi- 
vidual 
bees 


Mgm 
139.34 
135.  95 
130. 17 
131.20 
154.  67 
131.90 
102.  71 
139.  94 
107.  83 
125.28 
131.36 
143.  66 
147. 30 
143. 08 
143.  51 
104.48 
118.61 
140. 14 
107.  25 
122.  27 


133.  99 
135.85 


'  Samples  were  not  taken  from  lot  No.  1. 

'  Method  of  obtaining  this  weighted  average  is  given  on  p.  24. 

Since  in  every  case  the  average  individual  weight  of  the  workers  in 
the  packages  is  appreciably  greater  than  90.91  mgm  it  may  be  assumed 
that  the  difference  is  made  up  by  the  weight  of  honey  or  sugar  sirup 
taken  by  the  bee  when  smoked  just  prior  to  shaking,  or  else  taken 
from  the  feeder  during  shipment.  It  has  been  reported  that  bees  at 
times  may  carry  their  own  weight  in  honey  m  their  honey  sacs.  This 
condition  w^as  not  quite  reached  in  any  of  the  packages,  if  we  accept 
the  average  weight  of  the  worker  bee  as  90.91  mgm,  because  the  high- 
est average  individual  weight  is  onh'-  168.06  mgm. 

The  total  number  of  bees  in  the  samples  taken  from  the  45  packages 
in  lots  2  to  10,  inclusive,  was  3,522.  Since  their  total  weight  was 
471,910  mgm,  the  unweighted  average  individual  weight  is  133.99 
mgm.  The  weighted  average,  obtained  by  first  multiplying  the 
average  individual  weight  calculated  for  each  package  (Table  9)  by 
the  weight  of  living  bees  determined  for  that  package  (Table  6) 
and  then  dividing  the  sum  of  these  products  by  the  sum  of  the  live 
weights  of  all  of  these  packages,  is  a  trifle  larger  than  the  unweighted 
average,  being  135.85  mgm.  This  figure  is  very  nearly  one  and  one- 
half  times  as  large  as  90.91  mgm,  the  figure  commonly  accepted  in 
this  country  as  the  average  weight  of  empty  bees,  and  may  mean 
that  the  bees  in  the  packages  were  carrying  nearly  half  their  weight 
in  lionoy  or  sugar. 

in  other  words,  one-third  of  the  weight  of  the  bees  at  the  time  ihoy 
arrived  was  really  sugar  sirup  or  honey  in  their  honey  sacs.  Whether 
they  carried  this  much  when  they  were  placed  in  the  packages  is 
another  matter,  but  if  they  had  no  honey  in  their  honey  sacs  when 
they  were  shaken  into  the  conliiincrs,  and  if  they  made  up  the  differ- 
ence in  average  weight  by  sirup  taken  on  the  trip,  then  the  total 
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poundage  of  bees  was  one- third  underweight  when  shipped.     This 
does  not  seem  hkely. 

Although  it  is  only  to  be  expected  that  bees  when  shaken  into 
packages  will  be  carrying  some  honey  in  their  honey  sacs,  the  amount 
will  vary  under  different  conditions  and  manipulations.  Certain 
producers  may  use  every  care  to  avoid  disturbances  which  cause  the 
bees  to  fill  their  honey  sacs  at  the  time  of  shaking;  others,  intention- 
ally or  not,  may  so  manipulate  the  bees  prior  to  the  shaking  process 
that  the  bees  will  have  a  maximum  load  in  their  honey  sacs  when 
they  are  put  into  the  shipping  cages.  Under  these  two  extremes  a 
pound  of  bees  of  uniform  size  would  vary  in  the  number  of  bees  it 
contained ;  a  pound  put  up  under  the  last  mentioned  conditions  would 
contain  fewer  bees  but  more  honey  or  sirup.  Until  some  method  is 
arrived  at  of  selling  bees  more  nearly  on  the  basis  of  numbers  instead 
of  weight,  the  purchaser  may  at  times  be  buying  more  honey  and 
fewer  bees  than  he  is  aware  of. 

IMPORTANCE  OF  QUANTITY  OF  BEES  IN  PACKAGE 

The  relative  importance  of  dift'erent-sized  packages  of  bees  depends 
on  the  use  to  which  they  are  to  be  put  and  the  time  when  they  are 
received.  If  they  are  bought  primarily  to  build  up  into  colonies  to 
gather  the  honey  flow  or  to  act  as  pollenizers,  their  proper  size  will  be 
governed  somewhat  by  the  time  available  for  them  to  build  up. 
Obviously,  the  shorter  the  time,  the  larger  should  be  the  package.  If 
they  are  bought  solely  to  act  as  pollenizers,  the  package  should 
certainly  be  as  large  as  practicable.  If  they  are  bought  to  reinforce 
an  established  colony,  the  foregoing  considerations  would  also  seem 
to  govern. 

RELATION   BETWEEN   SIZE   OF   PACKAGE    AND   RAPIDITY   OF   BUILDING    UP 

The  rapidity  with  which  a  colony  builds  up  is  of  course  dependent 
on  a  number  of  factors,  which  include  the  number  of  bees  on  hand, 
the  prolificness  of  the  queen,  weather  conditions,  and  the  quantity 
of  nectar  and  pollen  available.  In  this  experiment,  as  already 
mentioned,  an  endeavor  was  made  to  provide  uniform  queens  and 
food  in  abundance  for  the  colonies.  The  weather  early  in  the  experi- 
ment was  somewhat  unseasonable  at  times,  but  on  the  whole  proved 
favorable  in  the  case  of  most  of  the  colonies.  Hence,  at  this  point 
only  the  question  of  size  of  package  as  related  to  rapidity  of  building 
up  will  be  discussed. 

In  a  tabulation  (Table  10)  by  colonies,  showing  the  weekly  popula- 
tion in  bees  reared  after  the  packages  were  installed,  arranged  in  the 
order  of  the  number  of  bees  in  the  packages  when  they  were  received, 
with  few  exceptions  a  general  tendency  for  the  larger  packages  to 
build  up  more  quickly  into  a  higher  total  population  is  apparent. 
This  is  also  shown  graphically  in  Figure  3.  If  the  packages  are 
divided  into  two  groups,  the  first  comprising  those  packages  with 
10,021  bees  or  fewer  when  received,  and  the  other  those  packages 
with  more  than  this  number,  17  colonies  fall  within  the  first  group  and 
18  within  the  second.  Eight  weeks  after  being  received,  only  2  of 
the  first  17  colonies,  or  roughly  12  per  cent,  had  over  30,000  bees, 
while  7  of  the  last  18,  or  roughly  40  per  cent,  had  this  number  or  more. 
In  the  next  week  these  figures  had  moved  up  to  four-sixteenths 
(25  per  cent)  and  thirteen-seventeenths  (over  75  per  cent)  respectively, 


26      TECHNICAL  BULLETIN    309,  U.  S.  DEPT.  OF   AGRICULTURE 


1  colony  having  dropped  out  of  each  group  (Nos.  411  and  425)  for 
reasons  mentioned  earlier. 

The  highest  population  computed  for  any  colony  in  the  course  of 
the  first  eight  weeks  was  43,000  in  No.  453,  while  No.  455  was  second 
with  41 ,800.  The  computed  number  of  bees  in  No.  453  on  arrival  was 
10,300  while  No.  455  had  the  most  of  any  of  the  35  packages,  19,376. 
Of  the  second  group,  3  had  already  reached  40,000  or  more  by  the  end 
of  the  eighth  week,  but  none  of  the  first  group  had  done  so.  Five 
of  the  second  group  had  35,000  or  more,  but  the  same  can  be  said  of 
only  1  of  the  fiist  group,  and  this  was  the  second  strongest  package 
in  this  group  originally.  Fourteen  packages  in  the  second  group  had 
25,000  or  more,  but  only  5  of  the  first  group  exceeded  the  25,000  point. 

Table  10. — Cotnputed  worker  populations  for  successive  weeks  after  installing 
package  colonies  used  in  1927,  arranged  in  order  of  package  strength  computed  on 
basis  of  representative  sample 


Colony  No. 


Com- 
puted 

number 

of  bees 
in 

package 
when  I 

received 


471    

2,199 

431   

3,175 

421      

3,952 

411    

5,044 

452 

5, 022 

451    

5,831 

491 

6,413 

432 

6,519 

442    

6,573 

441 

6,680 

435 

7,294 

412   

7,754 

422 - 

8,129 

434 

8,638 

492 

8,937 

472 

9,347 

423    

10,  021 

443 

10,120 

473    

10, 147 

453 

10,300 

433 

10,715 

463   

10, 755 

493 

10,918 

445 

11,  365 

413 

11,985 

425 

13, 066 

444 

13,629 

475 

14, 527 

414 

14, 585 

454 

14,671 

424 

14,  836 

495- 

16, 603 

415 

17,  229 

494 

18, 928 

455 

19, 376 

401 

402 

403 

404 

8 

405 

Computed  number  of  bees  in  colony  at  end  of  number  of  weeks  specified  • 


1,270 
2,187 

975 
79 
3,769 
3,308 
3,984 
4,301 
2,690 
2,958 
4,899 

133 
1,274 
5,218 
2,787 
5,720 

223 
4,143 
5,375 
5,966 
4,952 
3,901 
3,218 
4,235 
1,501 
2,214 


6,241 
1,003 
3,537 

576 
2,049 
2,103 
5,882 
6,589 

286 
1,301 
2,510 

868 
3,166 


2,809 
3,944 
4,459 
313 
8.761 
8,936 
7,377 
7,568 
5,024 
5,829 
9,013 
438 
6,098 
9,653 
7,349 

12,  554 
4,340 
8,432 

12, 860 

14, 398 
9,224 

10,981 
8,793 
9,303 
4,551 
7,907 
3,764 

13,997 
4,230 
9, 657 
4,600 
5,731 
6,451 

12,946 

15, 691 
1,434 
2.203 
6,208 
6,553 
7,362 


4,781 

5,533 

6,983 

898 

14,284 

14,992 

11,509 

9.857 

7,118 

8,834 

12, 596 

1,276 

11.309 

13.  434 
12, 022 
19,  791 

9.270 
12,718 
20,191 
23, 271 
12,849 
18,  238 

14,  529 
14,  449 

9.239 
14.925 

9.204 
22, 094 

9,363 
10, 167 

9,418 
11,299 
13,007 
20,066 
24,232 

3,473 

4,001 

9,131 
10,036 
11,894 


7,933 
8,997 
9,899 
1,252 
20, 107 
21,515 
16,626 
14,805 
11,776 
13, 507 
18,853 
1,808 
16, 591 
19,256 
16,843 
27, 635 
14, 056 
19, 538 
27,  154 
32, 459 
18, 474 
25, 937 
20, 480 
19, 920 
13, 072 
22,724 
14, 920 
30, 415 
13,  540 
23, 153 
14, 615 
19,383 
19, 902 
27, 268 
32, 768 
7,190 
7,854 
16, 943 
17, 908 
20,167 


12, 372 
14, 538 
15,807 

1,372 
27, 195 
30,  414 
23, 259 
24,065 
18.084 
19, 464 
25,221 

2,101 
21, 638 
28,343 
22, 637 
36, 914 
18, 538 
27, 682 
36,290 
43, 087 
27, 958 
34, 727 
27, 460 
25,864 
17,246 
29,991 
22, 059 
40,060 
18, 068 
32,609 
19,835 
27, 993 
27, 507 
35,464 
41,829 
10,529 

11,751 
25,133 
27, 075 
29,280 


i   10 


16,643  21,468 
19,  390  i  26, 671 
22, 214  26,  726 


11 


25, 787 


31, 122 
35,  730 

26,  400 
29.755 
22. 941 
24,133 

27,  310 
2,306 

27,  279 
32, 610 
25,863 
41,  679 
24, 730 
32, 676 
41,  789 
48, 083 
32,919 
40, 434 
31, 190 
27,926 
22, 934 


30,266 
44, 192 
25,368 
38, 589 
24,491 
34, 493 
34,229 
37,971 
43.  369 
12.  397 
14.  350 
30, 383 
36, 031 
36,869 


34, 637. 
38,359 
29,445 
37,  453 
28, 539 
28,913 
31,012 
2,178 
29,115 
38, 189 
26,  274 
4(5, 122 
27, 975 
37,425 
45, 828 
51,059 
39,134 
43, 817 
29,900 
28, 639 
27,704 


32, 433 


37, 537 
41,056 
32, 279 

'35i'674" 
33, 962 


12 


28.828 


40,114 
43. 421 
34,524 

'46."  788 
38,350 


2,461 
30,462 


26,290 
49,469 
31,117 
42, 266 
48,922 
52,285 


46,624 
28,865 
29,144 
32, 328 


33, 668 
45.224 
32, 108 
42, 068 
26,606 
37,  735 
38, 072 
38, 058 
41, 139 
12,267 
18, 224 
34,842 
40, 881 
41,617 


35, 350 
44, 565 
37, 201 
45, 556 
28,506 
39,125 
40.325 
37, 807 
39, 044 
10. 697 
22. 899 
37,857 
45,313 
46,273 


3,207 


25, 945 
51,321 


44.800 
50,918 
52,980 


47, 991 
27, 927 
28,998 
38, 057 


36, 675 
41, 882 
43,294 
48,676 


38,045 
42, 342 
37, 107 
36, 882 
7,297 
25. 637 
38,671 
44,830 
49, 110 


'  Only  f>ecs  reared  after  Installing  the  packages  are  considered  in  the  compulations.  From  the  compu- 
tations given  in  Table  5  a  few  bees  emerged  in  colonies  Nos.  441,  455,  472,  475,  492,  and  494,  even  on  the 
twenty-first  day  after  installation,  the  last  day  of  the  third  week. 

•  Numiier  of  bees  in  package  when  received  was  not  computed. 

In  relative  rate  of  increase,  the  smallt>r  packages  appear  at  an 
advantage.  If  the  package  containing  the  largest  number  of  bees 
when  received.  No.  455,  is  used  as  a  base,  it  is  easy  to  determine  the 
ratio  between  the  ])opulation  of  this  piukage  and  that  of  any  of  the 
other  packages  when  received  by  divicUng  the  number  of  bees  in  the 
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Figure  3. — Computed  number  of  new  bees  in  packaee  colonies  in  specified  weeks  after  installation 
in  1927.  Each  colony  is  represented  by  a  dot  and  is  identified  by  tbe  last  two  figures  of  the 
number  assigned  to  it.  The  horizontal  position  of  each  dot  indicates  the  computed  number  of 
bees  in  the  package  when  it  was  received.  The  vertical  position  of  each  dot  indicates  the  com- 
puted number  of  bees  present  that  were  reared  after  the  package  was  installed 
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latter  into  that  in  No.  455.  Thus  it  is  seen  (Table  11)  that  No.  455 
had  8.81  times  as  many  bees  when  received  as  did  No.  471;  in  other 
words,  No.  455  would  have  made  8.81  packages  the  size  of  No.  471. 
If  the  computed  population  in  No.  471  at  the  end  of  12  weeks  is  mul- 
tiplied by  8.81,  it  is  e\T.dent  that  8.81  packages  the  size  of  No.  471  at 
this  time  would  have  had  253,975  worker  bees  on  hand,  theoretically. 
This  number  is  nearly  seven  times  the  number  computed  as  being 
in  No.  455  at  the  end  of  the  same  period.  All  the  other  packages 
show  roughlj^  the  same  tendency  in  a  degree  varying  directly  with 
their  original  population.  It  should  be  pointed  out,  however,  that 
No.  471  at  its  height  of  population  (28,828)  at  the  end  of  the  twelfth 
week  actually  had  less  than  70  per  cent  as  many  bees  as  No.  455  at 
the  height  of  its  population  (43,369)  at  the  end  of  the  ninth  week. 
At  the  latter  date  the  equivalent  of  8.81  packages,  each  the  size  of 
No.  471  originally,  would  have  had  a  collective  population  (8.81  X 
16,643)  only  about  3%  times  as  great  as  that  of  No.  455.  The  com- 
parative cost  in  honey,  and  other\vise,  of  producing  all  these  bees  in 
both  cases  is  not  under  consideration  at  this  time.  No.  455  apparently 
was  not  laboring  under  ideal  conditions  for  brood  rearing,  since  No. 
453,  which  began  its  career  with  only  a  httle  over  half  the  number  of 
bees  in  No.  455,  at  the  end  of  the  ninth  week  had  nearly  5,000  more 
bees.  This  colony  led  all  others  in  maximum  population  attained  dur- 
ing the  experiment,  having  52,980  bees  at  the  end  of  the  twelfth  week. 

Table  11. — Converted  populations  of  colonies  obtained  by  multiplying  the  com- 
puted population  of  each  colony  by  a  factor  equal  to  the  ratio  of  the  original  popu- 
lation of  package  No.  455  to  that  of  each  package  in  question 


Colony  No. 


471. 
431 
421 
411 
452 
451 
491 
432 
442 
441 
435 
412 
422 
434 
492 
472 
423 
443 
473 
453 
433 
403 
493 
446 
413 
426 
444 
476 
414 
454 
424 
496 
416 
494 
466 


Ratio 

be- 
tween 
No.  455 
and 
each 
pack- 
age 
when 

re- 
ceived 


8.81 
6.10 
4.90 
3.84 
3.45 
3.32 
3.02 
2.97 
2.95 
2.90 
2.66 
2.50 
2.38 
2.24 
2.17 
2.07 
1.93 
1.91 
1.91 
1.88 
1.81 
1.80 
1.77 
1.70 
1.62 
1.48 
1.42 
1.33 
1.33 
1.32 
1.31 
1.17 
1.12 
1.02 
1.00 


Converted  population  at  end  of  number  of  weeks  specified 


11,189 

13,341 

4,778 

303 

1.3,  003 

10,  983 

12,  032 

12,  774 

7,936 

8,578 

13,031 

332 

3,  032 
11,688 

6,  OIH 
11,840 

430 

7,913 

10,  206 

11,216 

8.  963 

7,  022 
6,  696 
7,200 
2,432 
3,277 

'8,'36i 
1,369 

4,  669 
765 

2,397 
2. 355 
0,00*! 
6,589 


24,  747 
24, 058 
21,849 

1,202 
30,  225 
29, 668 
22,  279 
22, 477 
14, 821 
16,904 
23, 975 

1,095 
14,513 
21,623 
15,917 
2,5,  9.H7 

8,  376 
16,  105 
21.  563 
27,  066 
16,695 
19,  766 
15,564 
16,815 

7,  373 
11,702 

5,  345 
18,616 

5,  62.'') 
12,747 

6,  144 

6,  705 

7,  225 
13.  205 
15,691 


6 


42, 120 

33,  751 
34,217 

3,448 
49,  280 
49,  773 

34,  757 

29,  275 
20,  998 
25,619 
33,  505 

3,  190 
26.915 

30.  092 
26,  088 
40,  967 
17,891 
24,  291 

35,  565 
43,  749 

23,  257 
32,  828 
2.5,716 

24,  ,563 
14,967 
22,  089 
1.3,070 
29,  385 
12.  452 
21,340 
12,  33S 
1.3,220 
11,  .568 
20.  467 
24,  2.32 


69,890 
54,882 
48, 505 

4,808 
69,  369 
71,430 
50,211 
43,  921 
34,  739 
39, 170 
50, 149 

4,520 

39,  487 
43,  1.33 
36,  549 
57,  201 
27,  128 
37,318 
51,864 
61,023 
33,  438 
46,  687 
36,  250 
33,864 

21,  177 
33,  632 
21,186 

40.  452 
18,008 
30,  562 
19,  146 

22,  678 
22,  290 
27,813 
32,768 


8 


108, 997 

88,  682 

77,  454 

5,268 

93,  823 

100,  974 
70,  242 
71,473 
53, 348 
56, 446 
67,088 
5,252 

51,  498 
63,  488 

49,  122 
76,  412 

35,  778 

52,  873 
69,314 
81,004 

50,  60i 
62,  509 
48,604 

43,  969 
27,  939 

44,  387 
31,324 
53,280 
24,030 
43,044 
25,984 
32,  752 
30,  808 

36,  173 
41,829 


9 


146,  625 
118,279 
108,  849 


107,  371 
118,624 
79,  728 
88,372 
67,  676 
69,  986 
72,  645 
5,765 
64,  924 
73,046 
66, 123 
86,  276 
47,  729 
62,411 
79,817 
90,  396 
59,  583 
72,  781 
55,  206 
47,  474 
37,  153 


42.  978 
.58,  775 
33.  739 
50,  937 
32,083 
40,  357 
38, 336 
38, 730 
43, 369 


10 


189,  133 
162,693 
130,  957 


119,498 

127,352 

88,  924 

111,235 

84,  190 

83,  848 

82, 492 

6,445 

69,  293 
85,543 
57,015 
95,  473 
53, 992 
71,482 
87,531 
95,  991 

70,  833 
78,871 
52,923 
48,686 
44,880 


U 


12 


227, 183 
i,58,'922' 


253, 976 


129,503 

136, 306 

97,  483 


138,  393- 
144, 158 
104,  262 


103,  468 
98,490 


6,162 
72,600 


47,809 
60,  148 
42,7a3 
55,  530 
34,  854 
44, 160 
42. 641 
38,810 
41,  139 


57,  ai9 
102,  401 
60.  056 
80,  728 
93.441 
98,  296 

'83,"923' 
51,091 
49, 545 
62,371 


50,206 
59,271 
49,  477 
60,  134 
37,  343 
45.  776 
45,  164 
38,663 
39,044 


120,  325 
111,215' 


8,01& 


56,  301 
106,  234 


85,  568 
97,253. 
99,  602 

"86,384 
49. 431 
49,297 
61,  652 


52.  07S 
55.  703 
57,  581 
64,252 


44,513 
47. 423 
37,  84» 
36,882 
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For  relative  increase  in  population,  therefore,  there  seems  in  this 
experiment  some  advantage  in  using  an  equivalent  number  of  smaller 
packages  in  place  of  one  large  package,  provided  there  is  sufficient 
time  to  build  up.  On  the  other  hand,  in  this  experiment,  it  was  the 
larger  packages  which  gave  quick  results,  such  as  are  so  highly  desir- 
able in  cold  weather,  or  if  the  package  bees  are  to  be  used  directly 
as  pollinating  agents  or  honey  gatherers.  Nos.  411  and  412  are 
good  examples  of  the  fact  that  small  packages  can  not  be  used  at  all 
seasons  and  under  all  conditions.  The  one  had  5,044  bees  and  the 
other  7,754  on  arrival,  yet  No.  411  succumbed  to  rigors  of  weather 
and  the  development  of  No.  412  was  much  reduced  under  the  same 
conditions.  The  splendid  record  of  No.  471,  which  began  with  2,199 
bees  and  increased  its  population  slightly  more  than  thirteenfold  in 
12  weeks,  may  be  attributed  in  part  to  the  good  weather  under  which 
it  developed. 

Any  apparent  advantage  of  a  small  package  over  a  large  one,  if 
received  in  favorable  weather  and  with  sufficient  time  to  build  up, 
seems  due  to  the  fact  that  under  normal  conditions  the  larger  package 
reaches  the  normal  seasonal  level  of  colony  population  quicker. 
Consequently,  if  received  too  early,  it  can  only  drift  with  seasonal 
factors  after  building  up,  and  so,  among  other  things,  it  may  even 
get  the  swarming  impulse.  The  smaller  package,  however,  has  a 
longer  road  to  travel  in  building  up,  and  hence,  if  it  succeeds  in  doing 
this,  its  record  may  look  more  impressive  than  that  of  the  larger 
package  installed  at  the  same  time. 

ACTUAL  LENGTH   OF   TIME   NECESSARY  FOR   BUILDING   UP 

Regardless  of  the  size  of  the  original  package,  it  is  of  the  utmost 
importance  that  a  package  colony  should  build  up  quickly  enough 
to  avoid  the  danger  of  all  the  original  bees  disappearing  before  the 
colony  is  able  to  shift  for  itself.  If  the  average  period  of  life  for  the 
worker  bee  during  the  active  season  is  5  or  6  weeks,  and  if  the  bees 
in  the  package  are  young  enough  to  average  about  1  week  in  age,  it 
is  to  be  expected  that  some  period  after  receipt  of  the  package  bees, 
but  before  about  5  weeks  later,  will  be  marked  by  the  heaviest  mortal- 
ity among  them.  If  this  is  the  case  it  should  be  attended  by  a  reduc- 
tion in  brood-rearing  activity  from  the  rate  in  the  period  immediately 
preceding  and  following.  This  would  result  in  reduced  emergence 
during  a  corresponding  length  of  time  three  weeks  later. 

The  emergence  rates  (Table  5)  of  the  package  colonies  between 
the  date  of  receipt  and  eight  weeks  later  show  such  a  break  in  23 
of  40  cases,  beginning  as  early  as  the  end  of  the  fourth  week  in  some 
colonies  and  not  ending  until  during  the  eighth  week  in  the  case  of 
others.  These  colonies  were  Nos.  402,  403,  404,  405,  411,412,  413,  414, 
421,  422,  423,  431,  432,  433,  434,  435,  441,  442,  443,  455,  473,  491,  and 
493.  Fourteen  of  the  remaining  seventeen  colonies  (Nos.  415,  424, 
444,  445,  451,  452,  453,  454,  463,  472,  475,  492,  494,  and  495)  showed 
within  eight  weeks  from  installation  a  period  marked  by  slight  or 
comparatively  slight  increase  in  the  rate  of  emergence.  After  the 
break  the  rate  of  emergence  rose  to  a  level  much  higher  in  most  cases 
than  it  had  attained  before.  Even  in  Merrill's  colonies  an  apparently 
similar  condition  is  found. 

By  the  end  of  five  or  six  weeks  after  being  installed,  26  of  the  35 
colonies  used  in  1927,  whose  original  package  population  was  de- 
termined, had  reared  enough  new  bees   to   equal   this  population. 
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(Table  12.)  Deducting  three  weeks,  the  time  during  which  no  bees 
emerged  after  the  package  was  installed,  gives  a  period  of  from  two 
to  three  weeks  during  which  the  emergence  was  sufficient  to  equal 
the  original  package  population.  During  the  next  two  weeks,  in  all 
cases  except  one,  the  increase  in  population  likewise  at  least  equalled 
the  population  in  the  packages  originally.  In  several  instances  this 
occurred  within  one  week.  As  a  matter  of  fact,  the  computations 
show  that  at  the  end  of  the  eighth  week  13  of  the  26  colonies  had 
populations  in  new  bees  which  were  more  than  3  times  as  large  as 
those  in  their  corresponding  packages,  while  6  of  the  13  had  reared 
enough  new  bees  to  make  populations  4  to  5  times  as  large.  After 
tracing  the  development  of  the  packages  this  far,  it  becomes  difficult 
to  make  generalizations  as  to  the  subsequent  rate  of  increase  which 
will  fit  the  majority  of  the  package  colonies. 

Table  12. — Ratio  between  -population  ^  of  package  colonies  for  successive  weeks  and 
the  population  of  the  respective  packages  on  arrival,  1927 


Colony  No. 


471 
431 
421. 
411. 
452 
451. 
491. 
432 
442 
441. 
435 
412 
422 
434 
492 
472 
423 
443 
473 
453 
433 
463 
493 
445 
413 
425 
444 
475 
414 
454 
424 
495 
415 
494 
466 


Com- 

puti'fl 

number 

of  bees  in 

package 


2,199 

3,175 

3,952 

5,044 

5,622 

5,831 

6,413 

6,519 

6,573 

6,680 

7,294 

7,754 

8,129 

8.638 

8,937 

9,338 

10, 021 

10,  120 

10,  147 

10,300 

10,715 

10,  755 

10,918 

11,365 

11,985 

13, 066 

13,629 

14,  527 

14,  585 

14,671 

14,  83fi 

16, 603 

17,  229 

18, 928 

19,  376 


Ratio  of  population  of  colony  Cat  end  of  number  of  weeks  specified)  to 
original  population  of  package 


0.58 
.69 
.25 
.016 
.67 
.57 
.62 
.66 
.41 
.44 
.67 
.017 
.16 
.6 
.31 
.61 
.02 
.41 
.53 
.58 
.46 
.36 
.29 
.37 
.13 
.  17 


1.27 
1.24 
1.13 
.062 
1.56 
1.53 


.43 
.07 
.24 
.04 
.  12 
.12 
.31 
.34 


1.15 

1.16 
.76 
.87 

1.24 
.056 
.75 

1.12 
.82 

1.34 
.43 
.83 

1.27 

1.4 
.86 

1.021 
.81 
.82 
.38 
.61 
.28 
.96 
.29 
.66 
.32 
.35 
.37 
.68 
.81 


6 

7 

2.17 

3.61 

1.74 

2.83 

1.77 

2.5 

.18 

.25 

2.54 

3.58 

2.57 

3.69 

1.79 

2.59 

1.51 

2.27 

1.08 

1.79 

1.32 

2.02 

1.73 

2.58 

.16 

.23 

1.39 

2,04 

1.56 

2.23 

1.35 

1.88 

2.12 

2.96 

.93 

1.4 

1.26 

1.93 

1.99 

2.68 

2.26 

3.15 

1.2 

1.72 

1.7 

2.41 

1.33 

1.88 

1.27 

1.75 

.77 

1.09 

1.  14 

1.74 

.68 

1.09 

1.  52 

2.09 

.64 

.93 

1.10 

1.58 

.63 

.99 

.68 

1.17 

.76 

1.  16 

1.06 

1.44 

1.25 

1.69 

5.63 
4.58 
4.0 
.27 
4.84 
5.22 
3.63 
3.69 
2.75 


91 
46 
27 
66 
28 
53 
3.95 


7.57 
6.11 
5.62 


.85 

,74 

.58 

,18 

.61 

3.23 

2.52 

2.28 

1.44 

2.3 

1.62 

2.76 

1.24 

2.22 

1.34 

1.69 

1.6 

1.87 

2.16 


5.54 
6.  13 
4.12 
4.56 
3.49 
3.61 
3.74 
3 
36 
78 
89 
46 
47 
23 
12 


07 
3.76 
2.86 
2.46 
1.91 


2.22 
3.04 
1.74 
2.63 
1.65 
2.08 
1.99 
2.01 
2.24 


10 


9.76 

8.4 

6.76 


6.16 

6.58 
4,59 
5,75 
4.34 


2.47 
3.  11 
2,2 

2.87 


11 


11.73 


8.21 


6.68 
7.04 
5.03 


5.34 
5.08 


.32 
3.75 


2.94 

5.3 

3.11 

4.18 

4.82 

5.08 


4.34 
2.64 
2.56 
2.7 


2.59 

3.07 

2.55 

3.  11 

1.92 

2,36 

2,34 

2. 

2.02 


12 


13.11 


7.  14 
7.45 
5.38 


6.21 

5.74 


.41 


2.9 

5.5 


4.43 
5.02 
5.14 


4.46 
2.56 
2.55 
3.18 


2.69 
2.88 
2.97 
3.32 


2.29 

2,46 
1.96 
1.9 


'  Only  bees  reared  after  installing  thj  packages  are  considered  in  the  computations. 


In  the  two  cases  in  1926  in  which  the  population  in  the  eleventh  week 
was  computed,  a  slight  increase  was  evidently  still  in  progress  even 
then.  Of  29  package  colonies  investigated  in  their  twelfth  week  in 
1927,  24  attained  tluMr  nia.ximum  population  in  this  week.  Three 
of  this  number  belonged  to  lot  1 ,  and  so  their  original  package  popula- 
tions were  undetermined,  but  9  of  the  remiiining  17  belonged  to  the 
group  having  populations  of  more  than  10,021  on  arrival. 
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The  points  just  discussed  are  of  special  interest  and  importance 
since,  coupled  with  the  fact  that  none  of  the  packages  studied  for  10 
or  more  weeks  reached  its  maximum  population  (Table  10,  figs.  4-6) 
before  the  ninth  week,  they  would  seem  to  indicate  that  packages 
should  be  installed  at  least  eight  to  nine  weeks  in  advance  of  the  main 
honey  flow  if  they  are  expected  not  only  to  replace  themselves  but 
also  to  reach  approximately  their  maximum  strength  before  the 
nectar  flow  is  on. 

In  general,  the  smaller  the  package,  the  longer  the  time  it  requires 
to  build  up;  but  no  package  should  be  bought  earlier  than  the  time 
required  to  fulfill  the  purpose  for  which  it  is  bought,  whether  this  be 
for  it  to  build  up  in  time  for  a  honey  flow  or  for  its  bees  to  serve  di- 
rectly as  pollinating  agents.  If  packages  are  obtained  too  early,  the 
beekeeper  may  be  rushed  for  time  when  they  arrive,  he  may  pay  a 


so,ooo 


^0,00  0 


■so,ooo 


■^  ^  6  7  a  9  /o  //  /2 


■^  ^  6    7  S  9  /O  //  /S 


Figure  4. — Computed  worker  populations  in  package  colonies  in  successive  weeks  after  installa- 
tion: A,  Colonies  Nos.  401,  402,  403,  404,  and  405;  B,  colonies  Nos.  411,  412,  413,  414,  and  415;  C,  col- 
onies Nos.  421,  422,  423,  424,  and  425 


price  higher  than  he  would  pay  later  in  the  season,  in  certain  regions 
he  may  run  the  risk  of  losing  the  bees  in  unseasonable  weather  during 
shipment  or  after  arrival,  or  he  may  even  run  the  risk  of  having  them 
build  up  to  maximum  strength  so  soon  that  they  will  get  the  swarm- 
ing fever  before  the  main  honey  flow  is  on.  Needless  to  say,  obtaining 
packages  too  late  may  also  mean  wasted  time  and  money  on  the  part 
of  the  purchaser.  The  beekeeper  must  know  his  region,  its  weather, 
its  honey  flows,  and  its  pollen  yields.  He  can  then  pick  the  right  size 
of  package  and  mstall  it  at  that  time  of  the  year  which  will  give  him 
the  biggest  return  for  the  time  and  money  spent. 

That  the  foregoing  conclusions  on  the  time  required  for  packages 
to  build  up  and  on  the  merits  of  different  sizes  of  packages  are  borne 
out  in  apiary  practice  seems  evident  from  the  two  follow^ing  quotations. 
L.  T.  Floyd,  provincial  apiarist  of  Manitoba,  speaks  in  favor  of  2- 
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pound  packages  for  Manitoba,  a  region  providing  12  weeks  in  which 
packages  can  build  up  for  the  main  honey  flow.    He  says  (7): 

When  a  two-pound  package  of  bees  delivered  on  May  1  will,  in  a  good  season, 
build  up  and  gather  a  200-pound  crop  of  honey  it  should  satisfy  any  one.  Bees 
are  able  to  do  this  in  Manitoba  because  the  crop  comes  in  August  and  September. 
If  larger  packages  are  used,  swarming  becomes  a  problem. 

Demuth  (6),  on  the  other  hand,  in  summing  up  for  the  United  States^ 
in  which  are  many  localities  where  main  honey  flows  come  at  times 
which  afford  much  less  than  12  weeks  for  colonies  to  build  up,  says: 

Experience  of  those  who  have  purchased  many  packages  of  bees  would  indicate 
that  the  three-pound  package  is  large  enough  for  the  capacity  of  the  ordinary 
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FiouRE  5.— Computed  worker  populations  in  package  colonies  in  successive  wseks  after  installa- 
tion: A,  Colonies  Nos.  431,  432,  433,  434,  and  435;  B,  colonies  Nos.  441,  442,  443,  444,  and  445;  C,  col- 
onies Nos.  451,  452,  453,  454,  and  455 


queen,  provided  there  are  about  eight  weeks  for  building  up  for  the  honey  flow. 
Many  have  found  the  two-pound  package  to  be  more  profitable  than  the  three- 
pound  package. 

IMPORTANCE   OF   BEES   OF   PROPER    AGE 

In  this  experiment  no  attempt  was  made  to  get  bees  of  any  partic- 
ular age  other  than  the  effort  to  secure  bees  uniform  in  condition. 
In  view  of  the  division  of  labor  among  bees  it  is  apparent  that  if  the 
packngos  are  to  bo  used  lor  (lovolo])ing  into  new  colonies  the  bees 
should  he  young  enougli  lo  e/igage  jictively  in  brood-rearing  activities. 
The  same  thing  is  true  if  they  are  to  aid  weakened  colonies.  If  the 
bees  in  the  jxickage  are  to  bo  used  directly  as  honoy  gathoroi-s  or 
pollen  gatherers,   tiion  on  iii'rival  they  should   ho  of  the  ])ropcr  age 
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physiologically  for  these   tasks.      Practical  methods  for  filling  the 
packages  with  bees  of  the  desired  age  remain  to  be  worked  out. 


LENGTH   OF   TIME   ON    ROAD 


Since  the  length  of  a  bee's  life  depends  upon  how  much  work  it 
accomplishes,  the  less  time  spent  in  shipment,  the  better  for  the  pack- 
age colony,  whether  the  bees  are  young  or  old.  According  to  the 
investigations  of  Rosch  (37)  and  Soudek  (39),  a  deterioration  of  the 
pharyngeal  glands  probably  is  taking  place  at  all  times,  and  a  tew 
extra  days  on  the  road  under  conditions  tending  to  age  the  bees  physio- 
logically would  mean  that  the  workers  would  be  proportionately  less 
able  to  feed  young  larvae.     On  the  other  hand,  smce  at  least  three 
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Figure  6.— Computed  worker  populations  in  package  colonics  in  successive  weeks  after  installa- 
tion: A,  Colony  No.  463;  B,  colonies  Nos.  471,  472,  473,  and  475;  C,  colonies  Nos.  491,  492,  493, 
494,  and  495 

weeks  must  elapse  after  the  package  is  installed  before  new  recruits 
will  be  added  to  the  colony  by  brood  rearing,  it  is  highly  essential  to 
have  the  package  bees  at  work  as  soon  as  possible  in  order  to  rear  the 
largest  possible  number  of  new  bees  before  the  original  package  bees 
die  off. 

There  is  practically  no  region  in  the  continental  United  States  in 
which  an  express  package  can  not  be  received  within  two  or  three 
days  from  a  region  producing  package  bees.  Consequently,  since  the 
bees  in  this  experiment  were  on  the  road  at  least  two  days,  it  is  felt 
that  fairly  normal  conditions  were  obtained  so  far  as  the  length  of 
time  in  transit  is  concerned.  These  bees,  furthermore,  were  shipped 
in  weather  varying  from  freezing  to  midsummer  temperatures. 
Although,  other  things  being  equal,  it  is  quite  obvious  that  bees 
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should  be  bought  from  the  point  which  involves  the  shortest  time  on 
the  road,  this  is  not  always  done.  For  instance,  it  is  said  that  ship- 
ments to  some  points  in  Canada  are  on  the  road  for  a  week  (8). 
Under  normal  conditions  such  a  length  of  time  scarcely  seems  neces- 
sary in  the  United  States  if  the  packages  are  bought  from  the  nearest 
producing  center.  If  it  is  necessary,  special  attention  should  be  paid 
to  the  conditions  under  which  the  packages  are  shipped.  The  use  of 
refrigerator  cars  for  this  purpose  would  seem  to  offer  a  fruitful  field 
of  investigation. 

EFFECT   OF   WEATHER   CONDITIONS   AT   TIME   OF  INSTALLATION 

The  most  noticeable  consequence  of  unseasonable  weather  during 
the  experiment  in  1927  was  the  loss  of  package  colony  No.  411,  svhich, 
when  received,  was  not  large  enough  to  resist  the  cold.  The  develop- 
ment of  No.  412  was  likewise  interfered  with.  On  other  occasions, 
because  of  cold  weather,  the  bees  did  not  leave  their  shipping  cages 
readily  during  the  night  following  installation  and  had  to  be  shaken 
out  when  the  cages  were  removed  the  following  morning.  This  hap- 
pened principally  in  lot  2,  package  422  of  lot  3,  and  in  lot  7.  A 
handful  of  bees  were  still  lingering  the  next  morning  in  the  cages  of 
lots  1  and  4,  and  in  the  remammg  packages  of  lot  3. 

Cold  weather  at  the  time  of  installation  also  retarded  the  taking  of 
sirup  freely  by  lots  2  and  3.  The  two  larger  colonies  in  each  lot 
lowered  the  sirup  only  one-half  inch  in  the  jar  on  the  day  after  in- 
stallation; the  other  colonies  took  scarcely  any  sirup.  Lot  1  took 
sirup  freely  on  the  first  day  because  the  weather  was  somewhat  warmer. 

Cold  weather  or  cool  and  rainy  weather  checked  flights  for  the 
first  day  or  tw^o  after  arrival  in  the  case  of  lots  2,  3,  4,  and  7.  Weather 
conditions  were  so  favorable  on  the  days  of  installing  lots  5,  8,  9,  and 
10,  however,  that  those  lots  had  good  flights  before  night. 

USE   OF  SIRUP   WHEN  INSTALLING   PACKAGES 

All  the  package  colonies  used  in  1927  began  to  take  sirup  from  the 
feeders  to  a  greater  or  less  extent  within  24  hours  after  being  installed, 
depending  somewhat  upon  the  temperature  but  to  a  certain  extent 
apparently  regardless  of  current  nectar  flows.  It  is  to  be  remembered 
that  the  bees  were  hived  upon  combs  which  were  empty  except  for 
the  cupful  of  sirup  in  one  of  them.  The  bees  in  the  first  lot  took  more 
sirup  within  24  hours  after  installation  than  did  those  of  any  other 
lot.  This  was  to  be  expected  in  view  of  the  fact  that  little,  if  any, 
nectar  was  available  from  the  field  so  early  in  the  year.  The  bees 
in  some  of  the  succeeding  packages  were  evidently  deterred  by  pre- 
vaiHng  low  temperatures  from  taking  sirup  during  the  first  24  hours. 
Lot  No.  10,  however,  which  arrived  during  the  tuliptrcc  nectar  flow 
and  under  favorable  temperature  conditions,  took  sirup  readily  even 
within  a  few  hours  after  installation. 

As  a  mnttei'  of  fact,  the  bees  in  the  throe  hvrg(^st  packages  of  lots 
1  and  10,  the  first  and  the  hist  lot,  began  to  take  sirup  more  readily 
than  those  in  the  packages  of  any  of  the  other  lots.  Those  in  Nos. 
40;^  and  405  emptied  the  2-quart  jar  of  sirup  within  24  hours  of  instal- 
lation, being  the  only  packages  to  do  so,  while  colonies  402,  404,  493, 
494,  and  495  nniuircnl  24  hours  longer  for  the  j)uipose.  The  only 
other  y)ackages  whicii  emptied  the  2-qiiart  feeder  within  4S  hours  of 
installation    were    Nos.    454,    472,    475,    and    483.     Eleven   package 
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colonies  (Nos.  401,  414,  415,  442,  444,  445,  453,  465,  473,  474,  and 
485)  required  three  days.  The  bees  in  the  remaining  packages 
required  from  four  to  nine  days  to  empty  the  jar. 

It  is  evident  from  the  data  given  on  the  brood-rearing  activity  of 
the  package  colonies  that  the  leaders  in  this  respect  took  sugar  sirup 
actively  on  installation  regardless,  at  least  at  first,  of  whether  or  not 
nectar  was  available  in  the  field.  It  would  seem  that  the  work  of  the 
bee  in  using  sirup  from  the  feeder  would  cause  it  far  less  wear  and  tear 
than  gathering  nectar  from  the  field.  If  this  holds  true,  and  if  the 
bee  could  be  kept  from  deserting  the  feeder  for  the  field,  the  bee's 
energy  would  be  conserved  by  giving  sirup  during  this  period,  and  a 
correspondingly  greater  number  of  new  bees  would  be  reared  before 
the  original  package  bees  died  off.  Perhaps  giving  sirup  to  the  pack- 
age bees  when  installed  is  better  than  giving  combs  of  honey.  This 
would  seem  to  be  the  case  if  the  bees,  which  ordinarily  would  carry 
the  sirup  from  the  feeder,  should  engage  in  gathering  nectar  from  the 
field  in  case  combs  of  honey  were  substituted  for  the  sirap.  In  the 
latter  event  it  would  seem  that  they  would  wear  out  sooner  than  if 
they  had  been  carrying  sirup  from  the  feeder,  although  their  activities 
under  such  conditions  are  not  well  known. 

EFFECT  OF  PRESENCE  OR  ABSENCE  OF  A  QUEEN  BEE  IN  THE  PACKAGE  DURING 

SHIPMENT 

It  has  been  frequently  stated  in  beekeeping  circles  that  combless 
package  bees  ship  better  with  queen  bees  than  without  queen  bees. 
In  this  experiment  the  packages  in  lots  1,  2,  3,  9,  and  10  were  shipped 
without  queen  bees.  Except  for  No.  402,  none  of  these  packages 
show^ed  any  greater  rate  of  mortality  than  did  those  packages  shipped 
with  queen  bees.  In  fact,  the  highest  loss  in  any  lot  occurred  in 
lot  5,  of  which  all  the  packages  contained  caged  queen  bees.  There 
appeared  to  be  no  particular  difference  in  the  promptness  with  which 
queen  bees  arriving  caged  in  the  packages  and  those  shipped  separately 
began  to  lay.  In  each  case  the  bees  immediately  began  to  release 
the  queen  from  the  Miller  cage,  and  acceptances  were  as  many  in 
one  case  as  in  the  other.  Of  the  two  original  queen  bees  not  accepted 
when  released,  one  (that  in  No.  404)  had  been  given  to  a  package  which 
had  been  shipped  queenless,  while  the  other  (that  in  No.  444)  had 
accompanied  the  package  in  shipment  from  the  producer.  Of  the 
other  24  queen  bees  in  the  group  not  shipped  with  the  packages, 
all  survived,  and  none  was  even  balled,  with  the  exception  of  the 
queen  in  No.  483,  which  was  released  in  good  shape  but  was  balled 
on  the  third  day  when  the  hive  was  opened.  Of  the  25  queens 
which  came  with  the  packages,  in  addition  to  the  1  lost  as  already 
mentioned,  3  more  were  lost  within  nine  days  of  the  time  of  arrival, 
while  2  others  were  balled,  but  not  fatally,  soon  after  being  released 
from  their  cages.  Another  proved  incapacitated  in  some  way.  So 
far  as  this  experiment  is  concerned,  therefore,  practically  as  good 
results  were  obtained  by  shipping  the  packages  queenless  as  by  ship- 
ping them  with  queens. 

It  may  be  added  that  all  the  queens  shipped  in  the  packages  were 
in  mailing  cages  which  contained  both  candy  and  attendants.  Only 
one  of  these  queens  (that  in  No.  475)  was  lost  in  shipment. 
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BALLING   THE   QUEEN   BEE 

It  is  only  repeating  an  old  axiom  to  mention  that  a  colony  in  which 
a  queen  has  been  newly  introduced  should  not  be  disturbed  for  several 
days.  In  this  experiment,  however,  it  was  desired  to  get  exact  data 
on  how  soon  the  queen  was  released  from  the  Miller  cage  and  when  she 
commenced  egg  laying.  For  this  reason  the  colonies  were  examined 
each  day  after  being  installed  until  these  facts  were  ascertained.  In 
spite  of  every  precaution  four  queens  (those  in  424,  454,  473,  and  483) 
were  found  balled  within  two  days  after  the  packages  were  installed. 
They  were  thereupon  rolled  in  honey,  retm-ned  to  their  colonies, 
and  three  (those  in  424,  454,  and  473)  were  reaccepted.  This  treatment 
apparently  did  not  save  the  fourth,  since  No.  483  was  found  queenless 
four* days  later.  Two  queen  bees  (those  in  404  and  444)  were  lost 
within  two  days  after  being  introduced,  whether  because  of  the  pre- 
mature opening  of  the  hive  or  not.  Three  others  (those  in  461,  465, 
and  474)  were  lost  within  six  to  nine  days  after  being  introduced, 
although  balling,  if  it  occurred,  was  not  observed, 

IMPORTANCE   OF   TIME   WHEN   THE   QUEEN   BEE  IS   RELEASED 

Needless  to  say,  the  quicker  the  queen  begins  to  lay  in  the  package 
colony  the  better.  For  purposes  of  building  up,  this  becomes  doubly 
important  when  the  time  between  receipt  of  the  package  and  the 
opening  of  the  honey  flow  is  limited,  and  also  in  case  the  bees  in  the 
package  are  just  passing  out  of  the  nurse-bee  stage.  Since  none  of 
the  queens  used  in  this  experiment  came  free  in  the  package,  each  was 
introduced  as  described  earlier.  In  6  of  the  35  colonies,  into  which 
the  queen  bees  were  introduced  without  use  of  the  tin  over  the  Miller 
cage,  a  few  cells  of  sealed  brood  were  found  (Table  13)  on  the  ninth 
day  after  the  package  was  installed.  The  queens  in  one-half  of  these 
(Nos.  475,  492,  and  494)  had  not  been  shipped  in  the  packages.  In  13 
cases  10  days  elapsed  between  installation  and  the  occurrence  of  the 
first  sealed  brood;  in  6  cases,  11  days;  in  6  cases,  12  days;  and  in  2 
cases,  13  days.  In  5  of  the  remaining  6  colonies  of  this  group,  the 
original  cpieen  bees  were  lost  during  the  first  few  days,  while  eggs 
were  found  in  the  sixth  on  the  fifteenth  day  after  the  package  was 
installed. 

In  8  of  the  15  package  colonies  whose  queen  bees  were  caged  safely 
for  one  day  while  being  introduced,  sealed  brood  was  found  on  the 
eleventh  day  after  the  queen  was  installed.  In  2  instances  this 
period  was  12  days,  while  16  days  was  the  longest  period  for  any  of 
the  remaining  5  queens. 

Table  13. — Number  of  days  from  time  of  inMnUation  of  package  to  appearance 

of  sealed  brood 


Package  No. 

Days 

Remarks 

401 

11 

n 
11 
ir. 
11 

15 

12 
12 
13 

11 

Queen  caged  safely  one  day. 

402 

Do. 

403 

Do. 

404 

This  refers  to  tlie  semnd  (iiieen.    She  wa.s  caged  safely  one  day. 

405 

giicen  caged  safely  one  diiy. 

411 

412 

Queen  given  one  day  alter  installing  package.    She  was  caged  safely 
live  hours. 
Do. 

41.S 

Do. 

414 

Do. 

415 

Do. 
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Table  13. — Number  of  days  from  time  of  installation  of  package  to  appearance 

of  sealed  brood — Continued 


Package  No. 

Days 

Remarks 

421 

11 
11 
16 
14 

11 
10 
10 
10 
10 
10 

9 
10 
10 
19 
10 
12 
10 
10 
13 

9 

Queen  eagerl  safely  one  day. 

422.... 

42,S 

Do. 
Do. 

424 

Queen  caged  safely  one  day.    She  was  balled  once  during  tbe  14-day 

425 

period. 
Queen  caged  safely  one  day. 

431                         ... 

432            

4.33 - 

434 

435 

441 _- 

442 

443 

444 

This  refers  to  second  queen. 

445 

451 

4.52 

453 

Queen  was  balled  once  durine  this  period. 

455 

461 

Queenless  on  ninth  dav. 

462            .            -. 

Unsealed  brood  on  fifteenth  day. 

463 

464 

465 

10 
12 

Queenless  on  ninth  day. 

471 

12 

9 

12 

472 

473            

Queen  was  balled  once  during  this  period. 

474 

Queenless  on  sixth  day. 

475 

9 
10 
11 

481                              

Queen  given  one  dav  after  installing  package. 

482 

Do. 

483. 

Queen  given  one  day  alter  installing  package.    Queenless  on  sixth  day. 

11 
10 
12 

9 
13 

9 
12 

The  queen  was  balled  once  during  this  period. 
Queen  given  one  day  after  installing  package. 

485 

Do. 

491 

492 

493 

494 

• 

It  is  an  open  question  whether  the  proportion  of  colonies  in  which 
sealed  brood  was  found  nine  days  after  installing  the  package  would 
have  been  materially  increased  if  the  queens  had  been  shipped  free 
in  the  packages.  Even  if  this  had  been  the  case,  it  must  be  remem- 
bered that  the  sealed  cells  found  on  the  ninth  day  after  the  packages 
were  installed  had  been  sealed  only  a  few  hours  at  most,  while  the 
majority  of  the  sealed  cells  found  on  the  tenth  day,  which  marks 
the  end  of  the  first  24  hours  of  sealing,  arose  from  eggs  laid  within 
24  hours  after  the  packages  were  installed.  It  is  readily  apparent 
that  in  all  such  instances  the  workers  in  less  than  24  hours  ate  through 
the  candy  imprisoning  the  queen  in  the  Miller  cage  and  that  the  queen 
began  laying  within  a  few  hours  at  the  most. 

IMPORTANCE   OF   A    PROLIFIC   QUEEN   BEE 

Thirteen  of  the  40  queens  in  the  colonies  whose  sealed  brood  was 
counted  in  1927  had  daily  effective  egg-laying  averages  of  over  1,400. 
Three  of  these  were  in  excess  of  1,600,  the  highest  being  1,646. 
All  3  of  the  queens  used  in  the  experiments  in  1926  attained  daily 
effective  egg-laying  averages  in  excess  of  1,400  but  below  1,599. 
Of  the  remaining  27  queens  used  in  1927,  11  attained  over  1,200 
for  this  rate  but  below  1,399,  while  7  had  rates  between  1,000  and 
1,199.     Six  were  between  883  and  987. 
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Three  queens,  those  in  colonies  401,  411,  and  412,  had  daily  average 
rates  below  GOO.  Their  low  rates  are  to  be  explained  by  the  fact 
that  the  queen  in  No.  401  soon  proved  to  be  a  drone  layer,  while  the 
queens  in  Nos.  411  and  412  arrived  during  such  inclement  weather 
and  with  so  few  bees  in  comparison  with  the  other  colonies  of  this 
lot  that  they  were  handicapped  by  the  vmfavorable  conditions. 

The  data  on  the  effective  egg-laying  rates,  taken  in  connection 
with  the  computed  number  of  bees  originally  in  the  packages,  give 
some  interesting  facts.  Apparently  there  was  considerable  variation 
in  the  prolificness  of  the  queens,  sin,ce  the  highest  egg-laying  rate  was 
not  found  in  the  colony  which  developed  from  the  package  with  the 
largest  number  of  bees.  For  instance,  No.  473,  the  colony  whose 
queen  had  the  maximum  daily  effective  egg-laying  average,  1,646, 
had  only  10,147  bees  on  arrival,  whereas  the  queen  of  the  largest 
package,  No.  455,  which  contained  19,370  bees,  had  a  maximum 
daily  effective  rate  of  only  1,300.  This  rate  was  attained  early, 
however.  No.  432  had  only  6,519  bees  in  its  original  package,  but 
its  queen  attained  a  rate  of  1,566  before  the  end  of  the  experiment, 
whereas  No.  424  had  14,836  bees,  but  its  queen  subsequently  attained 
a  daily  effective  rate  of  only  947. 

It  must  be  remembered  that  the  data  just  given  on  effective  egg- 
laying  rates  represent  only  the  maxima  and  cover  only  a  few  days. 
Nevertheless,  they  indicate  differences  in  the  individual  queen  bees. 

It  is  quite  evident  that  the  package  whose  queen  soonest  attains  a 
satisfactory  effective  average  will  be  apt  to  maintain  an  advantage 
in  population  over  other  colonies  during  the  first  few  weeks.  Thus, 
7  of  the  40  queens  used  throughout  the  experiment  attained  an 
effective  daily  egg-laying  average  of  over  1,000  within  30  days  after 
the  packages  were  installed.  These  were:  The  queen  in  No.  473, 
which  attained  an  average  of  1,075  by  the  twenty-fourth  daj^;  the 
queens  in  Nos.  453  and  455,  which  attained  1,204  and  1,300,  respec- 
tively, on  the  twenty-seventh  day;  the  queen  in  No.  494,  which 
reached  1,008  on  the  twenty-eighth  day;  the  queen  in  No.  463,  which 
reached  1,011  on  the  twenty-ninth  day;  and  those  in  Nos.  472  and 
475,  which  showed  averages  of  1,001  and  1,144,  respectively,  on  the 
thirtieth  day.  It  is  to  be  noted  (Table  10)  that  none  of  the  other 
package  colonies  surpassed  any  of  these  seven  in  the  computed  total 
number  of  new  bees  on  hand  in  each  until  the  ninth  week  after  installa- 
tion. That  a  prolific  queen  can,  to  a  certain  extent,  overcome  a 
handicap  in  regard  to  number  of  workers  in  her  colony  is  shown  in 
these  seven  packages  also,  since  Nos.  453  and  455  arrived  with  10,300 
and  19,376  bees,  respectively,  but  on  the  twenty-seventh  day  the 
effective  egg-laying  averages  of  the  queen  in  each  showed  a  difference 
of  only  about  7  ])er  cent. 

PACKAGE   BEES   AS   POLLENIZERS 

The  observations  made  as  to  the  time  wlien  pollen  gatherers  were 
first  seen  in  the  dilferent  package  colonies  is  of  interest  in  connection 
with  the  use  of  ])ackage  bees  as  pollenizei-s  and  in  determining  how 
long  in  advance  of  blossoming  they  should  be  obtained.  As  stated 
before,  most  of  the  |)nckag<^s  were  roc(MV(Ml  after  4  p.  m.  and  were 
installed  before  dark.  In  the  case  of  21  packages  (Nos.  401,  402,  403, 
404,  405,  451,  452,  453,  454,  455,  475,  481,  482,  483,  484,  485,  491, 
492, 493, 494,  and  495),  bees  were  observed  coming  in  with  pollen  within 
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one  day  after  they  had  been  received.  In  most  of  these  cases  the 
pollen  gatherers  were  observed  between  8.30  and  9  a.  m.  Both  the 
smaller  and  larger  packages  were  represented.  Weather  conditions 
undoubtedly  prevented  the  gathering  of  pollen  so  soon  by  the  colonies 
in  some  of  the  other  lots.  It  is  of  special  interest  that  in  colony  494, 
belonging  to  a  lot  hived  at  noon,  pollen  gatherers  were  observed 
returning  at  4  p.  m.  This  experiment  shows  that  bees  from  packages 
may  begin  to  gather  pollen  within  a  few  hours  after  being  installed. 
Since  the  period  for  pollinating  any  plant  is  relatively  short,  such 
behavior  on  the  part  of  the  bees  is  of  particular  value  because  it  makes 
feasible  the  procuring  of  packages  just  at  pollinating  time  merely  for 
pollinating  purposes  without  any  idea  of  having  the  bees  build  up 
into  colonies.^ 

PACKAGE   BEES   AS   HONEY   GATHERERS 

Although  most  of  the  3-pound  packages  were  placed  on  scales, 
unfortunately  none  received  at  the  time  of  the  main  honey  flow  was 
thus  treated,  package  No.  473,  received  on  May  4,  being  the  last  to 
be  put  on  scales.  The  main  honey  flow  was  on  by  May  20,  by  which 
time  the  bees  in  No.  473  had  already  been  at  work  over  two  weeks. 
The  first  brood  in  this  colony  was  sealed  on  May  17,  which  means 
that  no  young  bees  emerged  before  May  26.  Nevertheless,  this  colony 
gained  0.66  pound  during  the  daytime  on  May  21,  0.79  pound  on 
May  22,  0.86  pound  on  May  23,  and  0.7  pound  on  May  24.  It  would 
have  been  of  particular  interest  to  test  the  performance  of  the  lot 
received  on  May  11  and  more  particularly  the  performance  of  the  lot 
installed  on  May  19.  Even  colony  No.  463,  however,  furnishes  a 
little  evidence  on  this  question,  since  it  was  received  on  April  27  and 
its  first  new  bees  were  not  out  before  May  16.  It  is  rather  doubtful 
that  many,  if  any,  of  these  were  flying  five  days  later,  May  21,  on 
which  date  the  colony  gained  0.55  pound  during  the  daytime.  On 
May  22  the  daytime  gain  was  0.86  pound,  on  May  23  it  was  1.32 
pounds,  and  on  May  24  1.54  pounds.  Possibly  at  this  time  young 
bees  were  also  flying. 

Although  these  gains  are  slight  even  in  comparison  with  those  of 
colony  No.  403,  which  on  several  days  in  May  brought  in  over  7 
pounds  of  nectar,  the  highest  amount,  9.5  pounds,  being  on  May  23, 
it  must  be  recalled  that  these  package  colonies  were  rearing  brood  as 
well  as  gathering  nectar  and  pollen.  They  had  been  working  for  over 
two  weeks  after  being  installed,  with  no  help  from  newly  emerged 
bees  in  No.  463,  and  with  scant,  if  any,  help  from  the  few  bees  newly 
emerged  by  this  time  in  No.  473.  Consequently  it  is  reasonable  to 
suppose  that  package  bees,  especially  those  of  field  age,  if  added  to  a 
weak  colony  at  the  time  of  the  honey  flow,  would  prove  of  immediate 
value  in  gathering  honey. 

It  is  interesting  to  compare  the  amount  of  nectar  which  the  com- 
puted field  force  of  some  of  the  colonies  described  here  might  have 
gathered  wdth  what  other  typical  package  colonies  are  reported 
actually  to  have  gathered  in  the  sweetclover  region.  Colony  No.  301 
will  show  this  as  well  as  any.  Munro  *'  has  stated  that  a  package 
received  on  June  3,  1926,  at  the  apiary  of  the  North  Dakota  Agri- 
cultural Experiment  Station  showed  a  gain  of  268  pounds  from  July 
21  to  September  17.     In  a  private  communication  he  furnished  the 

'  See  footnote  4. 

«  Munro,  J.  A.    N.  Dak.  Beekeepers'  A.ssoc.  News  Letter,  v.  4,  no.  1,  October,  1926.    [Mimeographed.] 
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additional  information  that  the  package  had  contained  3  pounds  of 
bees  and  that  sweetclover  in  his  region  in  1926  was  in  blossom  from 
about  the  middle  of  June  until  the  middle  of  September.  This  means 
that  the  package  was  received  approximately  two  weeks  before  the 
beginning  of  the  main  honey  flow.  By  July  21  the  colony  had  gathered 
about  50  pounds.  Its  highest  24-hour  gain,  18^4  pounds,  came  on 
July  31,  a  little  more  than  eight  weeks  after  the  package  was  installed. 
Its  highest  24-hour  gain  during  the  next  month  was  15  pounds,  on 
August  12,  ten  weeks  after  being  received,  while  on  September  6  it 
made  a  gain  of  10^4  pounds. 

From  computations  based  on  counts  of  its  sealed  brood,  colony 
No.  301  (Table  14)  should  have  had  approximately  21,000  field  bees 
on  hand  at  the  end  of  eight  weeks  after  being  received,  if  we  follow 
Rosch's  results  previously  cited.  This  figure  was  barely  exceeded 
during  the  remaining  weeks  of  the  observations.  If  worker  bees  on 
an  average  go  to  the  field  younger  than  at  the  age  given  by  Rosch, 
or  if  theu'  average  length  of  life  is  longer,  the  number  of  bees  given 
here  would  be  too  small,  at  least  during  some  of  the  succeeding  weeks. 
Thus,  assuming  a  duration  of  life  of  six  weeks,  of  which  the  last  thi'ee 
weeks  are  devoted  to  field  duties,  about  28,000  field  bees  were  on 
hand  by  the  end  of  the  ninth  week  of  the  observations. 

Assuming  that  each  bee  makes  10  trips  per  day  to  the  field  for 
nectar,  as  is  well  warranted  both  by  Park's  work  {29,  p.  132;  30 y  p.  213) 
and  by  that  of  Himmer  {13,  p.  146),  and  assuming  further  that  each 
bee  carries  in  one-fom-th  of  its  own  weight  in  nectar  on  each  trip, 
but  that,  according  to  Hambleton  {12),  one-fom'th  of  this  nectar  is 
evaporated  off  as  water  overnight,  a  field  force  of  21,000  could  be 
expected  to  make  a  daily  gain  of  7^8  pounds  during  the  hone}^  flow. 
A  field  force  of  28,000  could  give  a  result  of  nearly  10  pounds  daily. 
Both  of  these  calculations  are  based  on  the  assumption  of  5,000 
worker  bees  to  the  pound. 

Table  14. — Population  of  worker  bees  in  colony  No.  SOI  reared  after  hiving  package 
on  April  23,  1926,  as  calculated  from  computed  emergence  rates 


Date 


Apr.  30. 
May  7. 
May  14 
May  21 
May  28 
June  4.. 
June  11. 
June  18. 
June  25. 
July  2.. 


■sTum- 
ber  of 
weeks 
after 
hiving 
package 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Computed  number  of  worker  bees  in  the  colony, 
assuininK  ;i  ."i-week  average  period  of  life  and  a 
division  of  duties  according  to  Rosch 


Cell 
cleaners, 
0-2  days 


0 
0 
0 

888 
272 
739 
70'! 
7'.)4 
713 


2, 899 


Xurse 

bees, 

3-10  days 


0 
0 
0 

f).  8.'>9 
11,207 

9,  789 
10,  778 
11,000 
11.054 
11,010 


Inter- 
mediate 
bees, 
11-19 
days 


0 
0 
0 
0 

r.,  144 
n.  .'ioo 

10,  999 
12,208 
12,22;} 
12,  491 


Field 

bees, 

20-35  days 


0 

0 

0 

0 

0 

1,715 

12,  r.35 

20,  895 

20.  73(1 

21,  289 


Total 


0 

0 

0 

9,747 

18, 0)23 

27,  743 

37,  118 

4f.,  897 

4r.,  726 

47,719 


It  slioiild  be  borne  in  mind,  however,  (luit  the  days  in  the  sweet- 
clover  region  of  the  North  are  long  and  that  the  season  of  the 
sweetclovcir  hotwy  Mow  itself  in  (hat  region  is  relatively  long,  being 
between  two  and  tlu'ee  months. 
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In  certain  western  arid  regions  the  nocturnal  loss  in  weight  of 
nectar  by  evaporation  is  even  less  than  that  used  in  the  foregoing 
calculations.  Furthermore,  according  to  Gillette  (11)  and  Park 
(29,  ]).  133),  bees  usually  carry  loads  equal  to  about  one-half  or  even 
more  of  their  own  body  weight,  while  Park  {29,  p.  132)  found  bees 
under  optimum  conditions  making  20  trips  or  more  daily.  If  optimum 
conditions  recorded  by  various  investigators  are  assumed,  the  field 
force  of  21,000,  computed  for  colony  301,  could  account  for  much 
more  than  a  daily  gain  of  20  pounds,  and  under  sweetclover  condi- 
tions would,  theoretically,  at  least,  be  capable  of  equalling  the  large 
honey  crops  mentioned  earlier  in  this  bulletin.  It  is  felt,  for  this 
reason,  that  this  colony  and  the  others  were  fairly  typical  package 
colonies  in  then  development,  especially  since  larger  field  forces  were 
attained  in  others  of  the  package  colonies  before  the  end  of  the 
experiment. 

SUMMARY 

Some  of  the  results  of  the  experiment  may  be  briefly  summarized 
as  follows: 

The  actual  live  weight  of  bees  in  individual  packages  when  received 
bore  little  relation  to  the  weight  billed  by  the  shipper.  As  a  rule  the 
smaller  packages  weighed  more  and  the  larger  packages  less  than  the 
billed  weight. 

In  no  case  did  the  bees  average  5,000  bees  to  the  pound.  If  the 
latter  figure  holds  for  empty  bees,  the  individual  weights  of  the  bees 
in  these  packages  as  determined  on  their  arrival  may  be  taken  to 
indicate  that,  on  an  average,  they  were  holding  approximately  half 
their  weight  in  sirup. 

In  the  colder  weather  the  larger  packages  showed  to  advantage. 
The  larger  packages  also  built  up  to  normal  colony  strength  quicker. 
Over  a  sufficiently  long  period,  on  the  other  hand,  the  smaller  pack- 
ages showed  a  higher  relative  increase. 

Packages  should  be  allowed  eight  to  nine  weeks  in  which  to  build 
up,  and,  if  small,  even  more. 

Under  good  conditions  package  bees  can  easily  stand  at  least  two 
or  three  days'  shipment. 

Package  bees  in  this  experiment  made  use  of  a  feeder  in  the  hive 
even  when  a  nectar  flow  was  on  in  the  field. 

In  this  experiment  no  particular  dift'erence  could  be  detected  in 
the  condition  on  arrival  of  those  packages  shipped  with  queen  bees 
and  those  shipped  without  them.  Nor  was  there  any  difference  in 
the  time  elapsing  before  the  queen  bees  in  the  two  cases  began  to  lay. 

In  the  experiment,  regardless  of  the  known  risk  of  having  the  queen 
bees  balled,  it  was  necessary  to  examine  the  colonies  daily  after  they 
had  been  installed.  Of  the  50  queen  bees,  4  were  found  balled  within 
two  days  after  the  bees  had  been  installed.  Thi'ee  of  these  queens 
were  reaccepted  after  being  rolled  in  honey.  Two  other  queen  bees 
were  lost  within  two  days,  and  three  within  six  to  nine  days  after  the 
packages  had  been  installed,  but  it  was  not  ascertained  in  these 
cases  whether  the  queen  had  been  balled. 

Over  half  the  queen  bees  commenced  laying  within  24  to  48  hours 
after  the  bees  had  been  given  access  to  the  candy  in  the  queen  cage. 
Such  access  in  the  majority  of  these  cases  was  given  immediately  at 
the  time  of  installing  the  packages. 
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A  prolijfic  queen  is  highly  essential  for  the  optimum  development 
of  the  package. 

The  proper  age  for  bees  in  the  package  depends  on  the  use  bo  which 
they  are  to  be  put.  If  the  packages  are  to  develop  into  colonies  or 
are  to  help  weaker  colonies  develop,  the  bees  should  be  young  enough 
physiologically  to  engage  actively  in  brood-rearing  activities.  If  the 
bees  are  to  be  used  directly  as  pollenizers  or  nectar  gatherers,  they 
should  be  just  entering  field  age.  In  any  case  thej^  should  be  young 
enough  physiologically  to  insure  their  proper  functioning  in  the 
desired  activity. 

Under  proper  conditions  bees  from  packages  will  gather  pollen 
within  a  few  hours  after  being  installed.  This  fact  makes  possible 
the  use  of  the  original  bees  in  the  package  as  pollenizers  without  the 
necessity  of  having  them  build  up  into  colonies. 

The  original  bees  in  certain  of  the  packages  gathered  nectar.  This 
at  least  indicates  the  feasibility  of  securing  a  larger  honey  crop  by 
reinforcing  weakened  colonies  just  before  the  honey  flow  wdth  bees 
of  the  proper  physiological  ages  both  to  gather  and  to  store  nectar. 

A  package  colony  with  even  21,000  field  bees,  under  the  optimum 
conditions  prevailing  in  certain  localities  and  with  long  seasons  for 
nectar  gathering,  can  store  a  satisfactoiy  quantity  of  honey. 
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INTRODUCTION 

In  the  course  of  the  investigations  upon  the  natural  enemies  of 
the  Japanese  beetle  {Poyillia  japonica  Newm.)  in  the  Far  East  dur- 
ing the  period  from  1920  to  1928,  inclusive,  occasion  arose  to  study 
the  habits  of  a  considerable  number  of  species  of  Scoliidae  parasitic 
upon  the  grubs  of  this  and  other  Scarabaeidae,  representing  the 
subfamilies  Rutelinae  and  Melolonthinae.  For  comparative  pur- 
poses only  those  from  Japan  and  Chosen  (Korea)'  are  dealt  with  in 
this  bulletin,  though  occasional  notes  are  given  upon  certain  Chinese 
and  Indian  species.  Among  those  treated  the  genera  Scolia  and 
Campsomeris  are  represented  by  a  single  species  each,  and  the 
remaining  15  species  are  of  the  genus  Tiphia.  Several  of  the 
Japanese  and  Chosenese  species  occur  also  in  China  and  were  studied 
there  by  H.  A.  Jaynes  from  1924  to  1926,  inclusive. 

The  taxonomic  determinations  of  all  the  species  of  Tiphia  dealt 
with  herein,  with  the  exception  of  three  previously  described  by 
S.  A.  Rohwer,  have  been  made  by  H.  W.  Allen  and  H.  A.  Jaynes, 
Their  recent  publication  (/)^  deals  with  practically  all  the  species 
encountered  in   the   investigations   in   Japan,   Chosen,   China,   and 


1  Italic   numbers   in   parentheses   refer   to   Literature   Cited,    p.    25. 
105738—32 1 
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India,   and   the   greater   proportion   of   them  have   been   described 
as  new  in  the  article  cited. 

The  principal  points  dealt  with  in  this  comparative  study  are  the 
host  relationships,  the  life  cj'cle,  the  food  habits  of  the  adults,  the 
position  and  manner  of  placement  of  the  egg  upon  the  host  body,  and 
the  type  of  cocoon.  Notes  are  also  given  upon  such  of  the  natural 
enemies  of  the  family  as  have  been  encountered. 

HOST  RELATIONSHIPS 

All  the  scoliid  species  studied  have  been  found  to  be  parasitic  upon 
scarabaeid  grubs  of  the  subfamilies  Melolonthinae  and  Rutelinae. 
In  the  list  below  are  given  the  species  and  their  recorded  hosts. 
The  records  on  some  of  these  host  species  are  based  on  field  observa- 
tions and  thus  represent  the  normal  host  relationship  of  the  para- 
sites, whereas  the  records  on  the  remaining  grub  species  are  from 
insectary  experiments  and  indicate  suitability  for  development  only, 
with  the  possibility  that  some  may  properly  belong  to  the  first  group. 

Species  Hosts 

Scolia  japonica  Smith Anomala  (sieversi  Heyd.* 

PhyUophaga  diomplialia  Bates.* 
Anomala  sp." 
PopilUa  spp. 

yica  orientalis  Mots.^ 
'ica  sp. 

Tiphia  asericae  A.  and  J Scrica  spp.' 

\ Anomala  sieversi  Heyd.' 
'{Phyllopertha  puhicoUis  Waterh. 

Tiphia  bisecuhita  A.  and  J Anomala  sp.^ 

Anomala  sieversi  Heyd ' 
Tiphia  hrevilineata  A.  and  J < 


Campsomeris  annulata  Fab 

\Seri4i 

Tiphia  agilis  Smith \  ^,     . 

[Senc 

J 

Tiphia  Mcarinata  Cam. 


Phyllopertha  pubicollis  Waterh.^ 
Popillia  mutans  Newman. 

IAnofnala  sieversi  Heyd.^ 
Popillia  atrocoerulca  Bates. 
Phyllopertha  pubicollis  Waterh. 
Tiphia  m,alayana  Cam Serica  spp.^ 

^.  ,  .         t       T4       ,7      •  -r.  1      i.     /^  vy\      {Phyllopertha  conspurcata  Har.' 
Ttphta  notopohta  allent  Roberts  (ii)__j„  ,„  ,  ' 

[Phyllopertha  palhdipennis  Keitt. 

Tiphia  ovidorsalis  A.  and  J Serica  sp.' 

Tiphia  ovinigris  A.  and  J PhyUophaga  sp.' 

Tiphia  phyllophagae  A.  and  J jPhyUophaga  iliomyhalia  Bates.* 

[PhyUophaga  sp. 

Popillia  japonica  Newman.'     (.Japan.) 
Popillia  atrocoerulea  Bates.' (Chosen.) 
Poitillid.  caKlanopiera  Hope.'  (Chospn.) 
Popillia  formosana  Arrow.'    (China.) 
Phyllopertha  sp. 

Tiphia   trgitiplaga  A.  and  J Anomala  sp.' 

Tiphia  totopunetata  A.  and  J \Auomala.  sirvcrsi  IToyd.' 

[Phyllopertha  iiubicoUis  Waterh. 

I  PopilUa  casta noptera  Hope.' 
Anomala  sj). 
Phyllopertha  sp. 


Tiphia  popillia vora  Roh. 


'  From   field  observntlon. 
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In  view  of  the  wide  distribution  of  Scolm  japonica  (fig.  1),  as 
compared  with  that  of  its  known  host,  it  is  evident  that  other  species, 
and  possibh'  other  genera  as  well,  are  attacked  in  addition  to  An- 
omala  sieversi,  of  which  there  is  a  single  record.  The  larger  Scol- 
iidae,  represented  by  Scolia  and  Campsomeris,  appear  to  be  more 
general  in  their  choice  of  hosts  than  is  Tiphia.  C ampso-ineris  an- 
nulata  (fig.  2),  of  wide  distribution  throughout  the  Far  East,  is 
found  in  Chosen  parasitic  upon  Phyllophaga  diomphalia  and  An- 
omaJa  sp.  and  will  develop  very  readily  upon  Popillia  spp.  under 
laboratory  conditions;  in  fact,  it  has  occasionally  been  found  upon 
this  genus  in  the  field. 

In  the  genus  Tiphia  the  number  of  species  with  known  host  rec- 
ords is  sufficiently  great  to  permit  of  some  conclusion  being  drawn 
regarding  the  general  host  relationships  of  the  group.  It  may  be 
stated  that  the  species  of  Tiphia  are,  in  general,  generic  rather  than 
specific  in  their  choice  of  hosts.     Specificity  in  this  respect  has  been. 


Figure  1. — Scolia  japonica,  female.      X    2.7 

claimed  for  many  species,  but  investigations  indicate  that  this  is 
only  regional  and  not  absolute.  Thus  Tiphia  popilliavora  (fig.  3) 
is  specific  upon  Popillm  japonica  in  northern  Japan,  owing  primar- 
ily to  the  lack  of  other  representatives  of  the  host  genus  in  that 
country.  The  parasite,  however,  occurs  in  Chosen  and  China, 
whereas  P.  japonica  does  not  occur  on  the  Asiatic  mainland,  where 
the  hosts  are  P.  castanoptera^  P.  atrocoei'ulea^  P.  forinosana^  and 
other  members  of  the  genus.  In  any  given  locality  it  confines  itself 
almost  exclusively  to  a  single  host  species,  even  though  others  of 
apparently  equal  suitability  are  present.  T.  popUliavora  will  de- 
velop quite  readily  upon  Phyllopertha  grubs  under  laboratory  con- 
ditions. 

It  is  rather  noteworthy  that  a  considerable  number  of  species  of 
Tiphia  will  oviposit  and  develop  readily  upon  Phyllopertha  grubs 
in  the  laboratory.  Practically  every  species  tested  in  this  respect, 
which  had  as  its  normal  host  either  Anomala  or  Popillia,  would 
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transfer  and  develop  readily  on  grubs  of  this  genus.  In  contrast  to 
this  was  the  reaction  of  the  several  Phyllophaga  parasites  of  this 
genus  under  similar  conditions.  From  the  very  few  eggs  that  these 
species  were  induced  to  deposit  on  grubs  of  other  genera  not  a  single 
larva  developed  beyond  the  primary  stage. 

The  stage  of  development  at  which  the  host  larva  is  attacked  is  of 
importance  from  the  point  of  view  of  parasite  development  and  in- 
crease. Scolia  and  Campsomeris  confine  themselves  quite  strictly  to 
the  final  larval  stage  of  the  host,  but  this  does  not  hold  true  in  the 
case  of  many  species  of  Tiphia.  It  has  been  noted  that  several  spe- 
cies parasitic  upon  Phyllophaga  normally  attack  the  intermediate 
rather  than  the  final  stage,  and  this  has  been  observed  in  the  case  of 
T.  notopolita  alleni.  T.  pofilliavora  in  northern  Japan  also  ovi- 
posits indiscriminately  upon  the  last  two  host  stages.  At  the  time 
when  the  adults  of  this  species  are  in  the  field  (the  middle  of  August 


Figure  2. — Campsomeris  aiinulata,   female.      X    3.5 

to  the  middle  of  September)  in  northern  Japan  the  host  is  repre- 
sented by  two  generations  of  grubs  in  the  soil,  this  condition  being 
due  to  a  partial  2-year  cycle.  Thus,  both  fully  mature  grubs  from 
eggs  of  the  preceding  sea.son  and  first  and  second  stage  ones  of  the 
current  generation  are  found  in  good  numbers.  Both  the  mature 
forms  aufl  those  of  the  early  second  stage  are  attacked,  apparently 
without  any  marked  preference  being  shown  between  them.  The 
cocoons  resulting  from  development  on  tlie  very  small,  immature 
grubs  are  often  less  than  3  mm.  in  length,  much  reseml)ling  an 
average  sized  Apanteles  cocoon,  and  a  great  proportion  of  them 
never  yield  adult  \vasi)s. 

THE  LIFE  CYCLE 

NUMBER   OF  GENERATIONS 

The  life  cycles  of  the  Scoliidae  arc  markedly  affected  by  climatic 
conditions — fai-  more  so  in  fact  than  iire  those  of  many  oth(>r  para- 
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sitic  groups.  In  the  Tropics,  unless  activity  is  inhibited  during  a 
portion  of  the  3'ear  by  high  temperatures  and  exceptionally  low  hu- 
midity, resulting  in  a  period  of  aestivation,  breeding  goes  on  con- 
tinuously throughout  the  year,  and  from  three  to  six  generations 
may  be  produced.  In  countries  in  the  Temperate  Zone,  such  as 
Japan  and  Chosen,  this  number  is  considerably  reduced.  Here  Sco- 
lia  japo7uca  has,  questionabl}',  a  single  generation  each  year,  while 
Caiiifsoiiieris  mvnulata  has  two,  and  possibly  three.  Of  the  15  spe- 
cies of  Tiphia  listed  herein,  11  have  a  single  generation  each  year, 
while  hiseculata  and  tegitipJaga  have  two.  This  latter  case  is  due 
to  their  occurring  in  a  locality  having  an  exceptionally  short  and 
mild  winter  and  a  very  sandy  soil,  the  latter  factoi'  being  responsible 


Figure  3. — Tiphia  popilJiavora,  female.      X    7.3 

for  an  earlier  emergence  in  the  spring  and  longer-continued  growth 
in  the  fall  than  is  the  case  in  heavy  soils.  T.  ovinigris  and  T.  pliyllo- 
phagae^  both  parasitic  upon  Phyllophaga  grubs,  apparently  have  a 
2-3^ear  cycle  to  accommodate  themselves  to  a  corresponding  cycle  in 
the  host. 

LENGTH   OF  THE  EGG  STAGE 

Within  the  family  the  duration  of  the  egg  stage  ranges  from  1  to  6 
days  under  optimum  summer  conditions,  with  Tiphia  in  general 
having  a  longer  incubation  period  than  Scolia  or  Campsomeris.  The 
above  period  may  be  extended  to  10  or  15  days  in  the  case  of  Tiphia 
breeding  under  lower  temperature  conditions.  In  the  insectary 
breeding  work  with  the  species  occurring  in  late  fall  it  was  found 
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that  development  was  almost  entirely  inhibited,  and  consequent!}^  it 
was  necessary  to  provide  heating  facilities  to  raise  the  temperature 
sufficiently  to  bring  them  to  hatching  and  to  carry  on  the  development 
to  the  maturity  of  the  larva. 

The  minimum  period  of  incubation  of  Scolia  japonica  was  found 
to  be  1  day  and  that  of  C anifsomeris  amiulata  2i/^  days.  Of  the 
species  of  Tiphia  ovipositing  in  May  the  eggs  of  vernalis  hatched  in 

13  days  (T  days  in  June)  and  of  malayana  in  10  to  11  days.  In 
June.  July,  and  August,  the  period  of  maximum  temperatures  and 
high  humidity,  the  time  of  hatching  ranged  from  3  days  in  the  case 
of  asericae  and  bicarinata,  and  3  to  4  days  in  agilis,  brevilineata,  and 
ovidorsalis  to  5  or  6  da^^s  with  totojyunctata.  Eggs  of  T.  hiseculafa 
required  4  days  in  the  spring  generation  (June)  and  5  days  in  the 
fall  brood  (September).  The  eggs  of  T.  popilUavora  hatched  in  3 
days  at  Suigen,  Chosen,  in  late  August,  in  5  days  at  Yokohama  in 
the  same  month,  in  8  to  11  days  in  northern  Japan  in  late  August 
and  September,  and,  as  a  maximum,  in  10  to  14  days  in  Chosen  dur- 
ing early  October.  Of  the  remaining  fall  species  notopoJita  alleni 
required  4  or  5  days  in  September,  phyllophagae  and  ovinigris  5  or  6 
days  in  the  same  month,  and  tegitiplaga  7  days  in  the  latter  part  of 
that  month.  Eggs  from  late  emerging  T.  koreana  females  also 
required  5  to  6  days  for  incubation  in  September.  It  is  thus  seen  that 
there  is  a  considerable  uniformity  among  the  different  species  occur- 
ring at  the  various  seasons  of  the  year,  and  that  the  longer  incubation 
recorded  for  many  species  is  attributable  directly  to  temperature  in- 
fluences rather  than  being  a  constant  species  characteristic.  This 
point  is  brought  out  particularly  well  in  the  case  of  T.  popilUavora 
in  the  various  localities  in  which  it  is  found,  the  duration  of  the  stage 
ranging  from  3  to  14  days,  due  solely  to  variations  in  temperature. 

LENGTH  OF  THE  LARVAL  STAGE 

The  variation  in  the  duration  of  the  active  larval  stage,  from  the 
time  of  hatching  to  the  formation  of  the  cocoon,  is  similar  in  extent 
to  that  found  in  the  incubation  period.  In  Scolia  japonica  and 
C ampsovieris  annulata  this  stage  is  very  short,  covering  only  4  days 
for  the  former  and  5  days  for  the  latter  species  under  optimum  sum- 
mer conditions.  Among  Tiphia,  vernalis  and  nmlai/ana  require  20 
to  2.')  and  21  to  22  days,  respectively,  at  the  end  of  May,  under  the 
relatively  high  temperatures  then  prevailing.  In  June,  July,  and 
August  asericae  larvae  matured  in  10  to  12  days,  ovidorsalis  in  11  to 

14  days,  agilis  in  12  to  13  daj^s,  hiseeidafa  in  18  days  in  June  (30  in 
late  Septeml)er),  brevilineata  in  12  to  15  days,  totopunctata  in  18 
to  20  days,  hicai^inata  in  12  to  20  days  (late  August  and  early  Sep- 
tember), and  koreana  in  18  to  20  days.  Of  those  developing  in  Sep- 
tember notopoUta  alleni  required  15  to  17  days  (18  to  19  in  early 
Octoboi-).  prJn/llopJiagae  17  to  21  days,  ovinigris  about  18  days,  and 
tegitiplaga  21  days.  T .  popilUavora  attained  the  cocoon  stage  in  11 
or  12  days  in  Chosen  in  early  September  but  required  30  days  or 
more  in  Octo])er  and  early  November,  whereas  at  Koiwai,  in  northern 
Ja]>an.  from  18  to  30  days  wore  roquirt^d  du)"iiig  S(>ptombor.  under 
tciii|)('i;i(iire  conditions  approximating  tliose  of  Cliosen  a  montli  later. 
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TIME   PASSED   IN  THE   COCOON 

So  far  as  known,  all  Scoliidae  in  the  temperate  regions  pass  the 
winter  within  the  cocoon,  though  this  may  be  as  a  mature  resting 
larva,  a  pupa,  or  a  fully  developed  adult.  Scolia  japonica  hiber- 
nates in  the  mature  larval  stage,  while  Campsomeris  is  largely  in  the 
pupal  form,  though  there  is  some  evidence  to  indicate  that  in  certain 
southern  localities  a  portion  of  the  adult  females  of  the  latter  carry 
through  the  winter.  In  the  summer  generations  of  the  species  having 
this  habit,  the  period  from  the  formation  of  the  cocoon  to  the  emer- 
gence of  the  adult  comprises  a  minimum  of  three  weeks. 

Among  the  Tiphia  having  a  single  generation  annually,  approxi- 
mately 101/^  months  of  each  year  is  passed  within  the  cocoon.  Of 
those  species  regarding  which  the  winter  stage  is  definitely  known, 
asencae^  malayana^  and  vernalls  are  found  as  adults,  whereas  hicari- 
n  at  a  ^  hrevilineata^ 
koreana,  notopolita 
alleni,  phyllophagae, 
popilliavora,  tegiti- 
plaga^  and  totopunc- 
tata  hibernate  as 
mature  larvae.  Of 
the  three  first-named 
species  some  of  the 
late-developing  indi- 
viduals may  pass 
the  winter  in  the  ad- 
vanced pupal  stage. 
In  general  it  may  be 
said  that  the  spring- 
emerging  species  pass 
the  winter  in  the 
adult  stage  in  the  co- 
coon, and  that  the  summer  and  fall  species  do  so  as  mature  larvae. 
The  first  group  would  comprise  those  species  that  might  be  expected 
to  produce  a  second  brood  under  somewhat  more  favorable  tempera- 
ture conditions. 

LENGTH   OF  ADULT   LIFE 

The  larger  Scoliidae,  such  as  Scolia  and  Campsomeris,  have  a 
considerably  longer  period  of  adult  life  than  does  Tiphia,  and  this 
may  extend  over  several  months.  Williams  {13^  p.  59)  records  a 
female  of  Scolia  manilae  Ashm.  living  nearly  four  months  under 
insectary  conditions,  while  the  average  of  a  series  was  49  days. 

Under  normal  field  conditions  the  average  length  of  life  of  Tiphia 
females  is  from  3  to  4  weeks,  though  this  can  be  prolonged  consider- 
ably under  insectary  conditions  by  withholding  the  opportunity  for 
oviposition.  Among  the  different  species  there  is  a  considerable 
variation  in  the  length  of  the  period  during  which  they  may  be  found 
in  the  field.  This  shorter  period  on  the  part  of  some  is  not  due  to 
a  shorter  individual  life,  but  rather  to  a  greater  uniformity  in  the 
time  of  emergence  of  some  species  than  of  others. 

In  Figure  4  there  is  shown,  for  comparative  purposes,  the  period 
of  adult  occurrence  of  all  the  species  of  Tiphia  studied  at  Suigen, 


Figure  4. 
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Chosen,  the  observations  having  all  been  made  in  the  one  general 
locality.  Conditions  being  identical  for  all  species,  there  is  greater 
significance  in  the  variations  between  them  than  would  be  the  case 
were  the  data  secured  in  widely  separated  sections  with  diverse 
factors  influencing  them. 

FEEDING  HABITS  OF  ADULTS 

In  all  the  species  studied  the  general  habit  is  for  the  females  to 
feed  for  about  three  hours  during  the  morning  or  at  midday  and 
then  to  spend  the  remainder  of  the  day  either  resting  in  the  soil  or 
beneath  vegetation  on  the  surface,  or  in  the  search  for  host  grubs  for 
oviposition.  The  time  of  day  at  which  they  feed  most  extensively 
varies  somewhat  with  the  species.  T.  popilUavora  in  northern  Japan 
was  out  in  greatest  numbers  from  10  a.  m.  until  1  p.  m..  Avhereas  T. 
matura  A.  and  J.  in  India  was  to  be  found  in  numbers  only  from 
8  to  11  a.  m.  The  males  generally  appear  slightly  earlier  in  the 
morning  than  do  the  females  and  persist  until  about  the  middle  of  the 
afternoon.  Some  authors  have  noted  a  tendency  on  the  part  of 
the  males  of  Scolia,  Campsomeris,  Dielis,  and  Elis  to  swarm  at  night, 
a  habit  not  noticed  with  the  Tiphia  males. 

The  food  materials  required  by  the  adult  Scoliidae  are  derived 
from  three  general  sources:  (1)  The  exudations  or  secretions  of 
aphids,  scale  insects,  and  various  other  Homoptera.  these  occurring 
particularly  upon  pine,  oak,  chestnut,  etc.;  (2)  the  blossoms  of  cer- 
tain plants,  especially  of  the  TJmbelliferae  and  Polygonaceae ;  and 
(3)  nectar  from  various  glands  associated  with  foliage.  The  writers 
have  observed  Scolia  and  Campsomeris  feeding  only  at  blossoms, 
whereas  Tiphia  is  represented  as  feeding  at  all  these  sources.  lUing- 
worth  {10)  records  DiscoUa  soror  Smith  as  feeding  ver}^  extensively 
upon  the  secretions  of  leaf  hoppers  on  corn.  In  Table  1  are  given 
the  sources  of  food  supply  of  the  species  dealt  with,  the  Tiphia 
being  listed  in  the  order  of  their  appearance  during  the  season. 

Table   1. — Sources   of   food  supply   of   the   adults   of   the    iHirious   species   of 
Scoliidae   listed   as   occuiTlng   in  Japan   and   Chosen 


Species 


Scolia  japonica , 

Campsomeris  annulata. 
Tiphia  malayana 


Time  of  occurence 


May  to  September 

All  season 

Late  April  to  middle  of 
May. 

May  to  June 

Late  May  to  June 


Honeydew 
from— 


Tiphia  vcrTialia 

Tiphia  tegitiplaga  (I) 

Tiphia  biseculala  (I) i  June 

Tiphia  asericae do 

Tiphia  koreana i  July  to  early  August.. 

Tiphia  bretilineata July  to  middle  of  Au- 
gust. 

Tiphia  totopunctata |  Early  July  to  late  Au- 

!      gust. 

Tiphia  agilis Middle  of  July  to  late 

AuRiist. 

Tiphia  ovidoTsntis 

Tiphia  bicarinala 


Aphids. 


Tiphia  phullophagae 

Tiph  ia  popllliavora 

Tiphia  nolopolita  allenl. 


Tiphia  hisfcnlata  (II). 
Tiphia  trgiliplaga  (II). 
Tiphia  ohnigrit , 


of 


Augu.-it 

August   to   middle 
September. 

Middle  of  August   to 
curly  October. 

Middle   of   August   to 
September. 

Late  .August  to  Septem- 
ber. 

do 

do 

September 


Aphids,  bugs. 

Aphids , 

do , 

Aphids,  bugs. 

do 

do , 


.do. 


Aphids 

Aphids,  bugs. 


Aphids. 


Blossoms 


Various... 

do 

Forsythia. 

do 


Various. 


Various. 


Umbelliferae.. 

Seseli,  Fagopy- 

rum. 
Various 


Seseli 

Fagopyrum... 
i'mbeiliferae.- 


Nectar 
glands 


Polygonum 


Sweeti)otato 
Do. 
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Table  1  shows  that  the  spring  species  of  Tiphia  confine  their  feed- 
ing almost  exclusively  to  the  liquid  secretions  of  aphids  and  other 
bugs,  with  the  exception  of  some  tnalayana  and  vernalis  feeding  at 
Forsythia  blossoms;  that  those  appearing  during  midsummer  feed 
either  upon  such  secretions  or  at  blossoms,  though  seldom  both ;  and 
that  the  fall  species  are  quite  largely  restricted  to  blossoms  and  nectar 
glands.  The  two  species  occurring  at  Miho,  Japan,  which  have  two 
generations  a  year,  feed  in  the  spring  upon  insect  secretions  and  in 
the  fall  at  the  nectar  glands  of  sweetpotato.  The  second  generation 
of  hiseculata^  however,  has  been  noted  to  feed  quite  extensively  upon 
aphid  secretions  upon  pine. 

The  probable  explanation  of  this  seasonal  change  in  feeding  habit 
is  that  the  insect  secretions  represent  the  favored  food  of  the  group, 
and  that  these  aphids,  scales,  and  bugs  are  particularly  abundant  dur- 
ing the  early  part  of  the  season.  They  decrease  in  number  by  mid- 
summer and  are  usually  relatively  scarce  during  the  fall  months.  In 
this  latter  part  of  the  season  a  much  greater  variety  of  flowering 
plants  is  available  than  during  the  spring. 

The  wasps  are  evidently  attracted  to  their  source  of  food  by  odor, 
and  they  usually  feed  in  the  general  vicinity  of  the  breeding  grounds. 
A  notable  exception  to  this  latter  generalization  is  the  case  of  Tiphia 
matura  in  India,  which  species  was  found  to  travel  several  miles, 
and  to  a  considerably  higher  elevation,  to  the  aphid-infested  plants 
at  which  it  fed,  and  then  to  return  to  the  locality  of  origin  for  ovi- 
position.  In  northern  Japan  T.  fopiUiavora  feeds  at  the  blossoms 
and  nectar  glands  of  various  plants,  notably  Polygonum,  when  grow- 
ing on  waste  land  situated  at  opposite  sides  of  the  breeding  grounds. 
The  females  were  always  found  in  far  greater  numbers  on  the  side 
of  the  field  from  which  the  wind  was  blowing. 

In  the  utilization  of  Scoliidae  in  the  natural  control  of  Scara- 
baeidae  the  provision  of  an  adequate  supply  of  food  plants,  in  the 
case  of  the  blossom  and  nectar  feeding  species,  would  seem  to  be  es- 
sential for  attaining  the  desired  results.  The  dispersion  of  the  para- 
site can  follow  that  of  the  host  only  so  long  as  this  condition  is  met, 
and  large  areas  may  be  heavily  infested  with  grubs- and  yet  be  prac- 
tically immune  from  parasite  attack,  not  because  of  any  ineffective- 
ness of  the  parasites  themselves  but  owing  to  the  absence  of  their  food 
supply.  This  condition  seldom  occurs  in  an  area  where  there  is  any 
amount  of  waste  land,  as  this  connotes  variety  in  vegetation,  but  is 
most  likely  to  occur  in  relation  to  such  Scarabaeidae  as  develop  in 
cultivated  soil  and  where  a  large  area  is  under  intensive  cultivation 
for  a  single  crop,  which  itself  neither  provides  food  for  the  adult 
Tiphia  nor  harbors  insect  species  which  do  so. 

Certain  species  of  Tiphia  have,  in  the  adult  stage,  developed  a 
slight  tendency  toward  an  entomophagous  habit.  This  is  shown  in 
the  case  of  T.  popiUiavora.,  the  female  of  which,  at  the  time  of  ovi- 
position  and  immediately  after  the  laying  of  the  egg,  often  grasps  a 
leg  between  her  mandibles  and  bites  upon  it  until  a  puncture  is  made 
or  the  leg  entirely  bitten  off,  after  which  she  feeds  upon  the  body 
fluids  exuding  from  the  wound.  Field-collected  grubs  often  show 
this  type  of  injury,  and  the  wound  at  times  serves  as  a  point  of 
entrance  for  disease-producing  organisms. 
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OVIPOSITION 

It  has  not  been  possible  to  observe  closely  the  sequence  of  events 
incident  to  oviposition  by  Scolica  and  Campsomeris,  and  these  can 
only  be  surmised  from  the  conditions  observed  when  the  cells  contain- 
ing ovipositing  females  are  opened.  In  stinging,  the  parasite  female 
faces  in  the  same  direction  as  the  host  grub,  and  dorsally  of  it, 
and  the  abdomen  is  then  curved  diagonally  beneath  the  body  so  that 
the  tip  reaches  the  mid-ventral  area  of  the  thoracic  segments.  The 
stinging  takes  place  near  this  point,  and  paralysis  is  effected  through 
action  upon  one  or  more  of  the  thoracic  nerve  ganglia.  The  sting 
is  inserted  several  times  and  with  considerable  pressure.  Illing- 
worth  {10,  p.  35)  states  that  Campso'nieris  radula  Fab.  attacks  the 
grub  by  first  seizing  a  mandible  in  her  jaws  and  then  inserting  the 
sting,  first  in  front  of  the  anterior  coxa  and  then  in  the  throat. 

Judging  from  the  flaccid,  extended  condition  of  the  grub  body 
after  oviposition  by  these  parasites  it  would  appear  that  a  consider- 
able kneading  of  the  ventral  surface  must  take  place  following  sting- 
ing, though  this  has  not  been  actually  observed.  Williams  (i-i,  p.  56) , 
in  describing  the  act  of  oviposition,  does  not  mention  this  kneading 
in  the  case  of  Scolia  manilae.  With  all  species,  the  inert  body  of  the 
host  is  left  lying  on  its  back. 

PARALYSIS   OF  THE   HOST 

The  influence  of  the  sting  of  the  various  Scoliidae  upon  the  host 
ranges  from  the  complete  and  permanent  paralysis  effected  by  some 
of  the  larger  genera  to  a  very  temporary  immobility  by  Tiphia.  All 
Scolia  and  Campsomeris  known  to  the  writers  permanently  paralj^ze 
the  host  grub,  though  this  is  not  always  complete,  as  in  some  in- 
stances a  certain  degree  of  disordered  movement  of  the  legs  may  be 
observed.  In  no  case  has  complete  or  even  partial  recovery  been 
noted.  According  to  various  authors  the  genera  Elis  and  Dielis  simi- 
larly paralyze  the  host  grubs,  as  does  also  the  South  American  genus 
Pterombus  studied  by  Williams  (14,  p.  H9). 

The  sting  of  Tiphia  and  the  effect  of  the  poison  injected  into  the 
wound  are  much  less  severe  than  with  the  foregoing  genera,  resulting 
in  a  temporary  and  often  incomplete  paralysis  lasting  only  10  to 
15  minutes  in  some  species  and  extending  to'  30  minutes  or  slightly 
longer  in  others.  While  mobility  is  regained  in  a  comparatively 
short  time  yet  the  full  effects  of  the  sting  do  not  disappear  for  many 
hours,  the  more  lasting  effect  being  evident  in  a  weakness  in  the 
abdominal  region.  No  species  of  this  genus  is  known  to  paralyze 
its  prey  permanently. 

MANNER  OF  OVIPOSITION 

In  tlie  case  of  both  Scolia  japonica  and  Campsomeris  annulata 
the  egg  is  placed  u])on  the  ventral  surface  of  the  body  with  its  own 
ventral  surface  facing  caudad,  and  with  the  posterior  end  lightly 
adlioi-ing  to  tlio  derm  of  the  host.  From  this  ])osition  it  would  ap- 
pear that  during  the  actual  deposition  of  the  egg  the  body  of  the 
parasite  female  must  lie  parallel  with  that  of  the  host,  and  facing 
caudad,  rather  than  coiled  transversely  about  it.     This  position  dur- 
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ing  the  course  of  oviposition  is  not  common  to  all  members  of  these 
genera,  for  Illing^Yortll  {10^  PI.  Jf.)  shows  the  concave  (ventral) 
surface  of  the  egg  of  O.  radula  facing  cephalad,  and  consequently 
the  female  parasite  must  face  in  the  same  direction  as  the  host  dur- 
ing the  act  of  oviposition. 

With  respect  to  the  genus  Tiphia,  the  manner  of  oviposition  of  T. 
'popiUiavora  has  been  described  in  some  detail  in  a  previous  publica- 
tion (4)  and  may  be  taken  as  representative  of  the  group.  By  the 
use  of  a  large  gelatin  capsule  as  a  substitute  for  the  soil  cell  of  the 
grub  the  entire  process  of  oviposition  takes  place  very  readily  and 
can  be  closely  observed  under  the  binocular.  The  female  approaches 
the  grub  from  the  rear,  brings  her  head  near  to  that  of  the  host,  and 
then  lowers  the  abdomen  diagonally  behind  and  around  the  legs  to 
effect  stinging  in  the  ventral  mid-thoracic  region.  This  stinging 
may  be  repeated  many  times,  or  until  the  grub  becomes  quiescent. 
Turning  about,  the  female  now  devotes  several-  minutes  to  a  thorough 
kneading  of  the  ventral  surface  of  the  abdomen  with  her  mandibles. 
As  a  result,  the  body  becomes  flaccid  and  the  abdomen  relaxed  and 
extended  as  compared  with  its  normal  turgid  and  curved  condition. 
ThJs  accomplished,  the  parasite  then  grasps  with  her  mandibles  a 
fold  of  skin  just  above  the  lateral  margin  of  the  fifth  or  sixth 
abdominal  segment,  at  the  same  time  extending  the  body  transversely 
across  the  dorsum  of  the  host  and  bringing  the  abdomen  across  the 
ventral  surface  from  the  opposite  side,  thus  forming  almost  a  com- 
plete ring,  the  tip  of  the  abdomen  then  being  situated  just  beneath 
the  head.  The  last  abdominal  segment  of  Tiphia  bears  at  its  ex- 
tremity a  roughened  pj^gidium,  and  this  is  applied  to  the  suture 
between  the  two  segments  and  moved  rapidly  backwards  and  for- 
wards for  several  minutes.  The  effect  of  this  action  is  to  broaden 
the  groove  for  the  reception  of  the  egg  and  to  wear  away  to  a  cer- 
tain extent  the  integument  of  the  body  at  this  point,  thus  permitting 
its  ready  perforation  by  the  young  larva  later.  This  extensive  rasp- 
ing of  the  integument  is  largely  responsible  for  the  rarit}^  with 
which  two  or  more  eggs  or  larvae  are  found  upon  a  single  host 
grub.  There  is  evidenced  no  disinclination  whatever  to  oviposit 
upon  a  host  already  bearing  an  egg  or  young  larva,  but  where  these 
alread}'  occur  they  are,  in  most  species,  almost  invariably  broken  or 
rubbed  off  before  the  succeeding  egg  is  laid.  This  fresh  egg  is 
usually  placed  one  segment  in  front  of,  or  behind,  the  position  of 
the  earlier  egg.  rather  than  in  the  same  suture.  Grubs  found  in 
the  field  often  bear  a  number  of  oviposition  scars,  though  usually 
only  the  one  ^gg.  whereas  in  the  laboratory  instances  have  been  ob- 
served of  oviposition  at  least  a  dozen  times  upon  the  same  grub,  as 
evidenced  by  the  two  rows  of  oviposition  scars  in  the  intersegmental 
grooves  between  the  second  and  successive  segments  to  the  eighth. 

In  several  species  this  habit  of  rubbing  off  or  destroying  the  eggg 
previously  laid  is  not  nearly  so  i^ronounced,  and  instances  have 
been  noted  of  grubs  bearing  as  many  as  six  fresh  eggs  upon  the 
abdomen.  This  duplicate  oviposition  is  particularly  noticeable  in 
the  case  of  T.  hicamiata. 

The  kneading  of  the  body  of  the  host  is  not  habitual  with  all 
species  of  the  genus :  in  fact,  popiUiavora  seems  to  represent  the  ex- 
treme development  of  the  habit.     Those  species  that  oviposit  dor- 
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sally  upon  the  thorax  dispense  with  it  entirely,  and  it  is  consider- 
ably reduced  in  extent  in  the  case  of  such  species  as  place  their  eggs 
ventrallv  on  the  anterior  half  of  the  body. 

The  normal  habit  of  all  Scoliidae  is  to  locate  the  host  grub  m  its 
cell  in  the  soil,  or  in  exceptional  cases  in  plant  tissue,  sting  it  imme- 
diately, deposit  the  o^gg  on  the  body,  and  then  leave  it  in  the  same 
location  in  which  it  was  first  found.  With  some  of  the  larger 
genera,  however,  the  quiescent  grub  is  buried  deeply  in  the  soil  in 
a  cell  excavated  by  the  female  parasite,  and  the  egg  is  then  placed 
on  it.  This  is  particularly  true  of  Scotia^  and  to  a  lesser  extent  of 
Campsomeris.  During  their  feeding  period  the  host  grubs  are 
quite  near  the  soil  surface,  whereas  those  parasitized  may  be  buried 
several  feet  deep,  dependent  on  the  physical  condition  of  the  soil. 
It  is  due  to  this  habit  of  the  females,  of  burying  their  prey,  that 
cocoons  of  the  above  two  genera  are  observed  only  in  small  numbers 
in  the  field,  even  though  the  number  of  adults  present  indicates 
their  occurrence  in  abundance.  No  instance  is  known  of  Tiphia 
burying  its  host  grub  deeper  than  the  normal  feeding  or  resting  cell, 
and  the  female  always  leaves  the  grub  immediately  after  oviposi- 
tion  without  any  effort  to  modify  the  conditions  under  which  it  lies. 

Although  the  habit  of  the  family  is  to  search  out  the  host  in  its 
feeding  cell  or  chamber,  yet  instances  are  known  of  various  species, 
or,  more  exactly,  individuals  of  various  species,  attacking  their  prey 
on  the  exposed  surface  of  the  ground  and  then  burying  it  before  ovi- 
position,  a  manner  identical  with  that  of  many  of  the  other  hunting 
wasps  which  store  their  cells  with  adult  insects  or  larvae  of  various 
kinds.  Gosse  (P,  p.  120)  in  Alabama,  in  1859,  recorded  having  seen 
a  female  Scolia  qxiaxlrhiiaculata  Fab.  dragging  a  large  lamellicorn 
grub  along  the  surface  of  the  ground  to  bury  it.  Ferton  (7,  p.  1^09) 
observed  Myzine  andrei  Ferton  in  North  Africa  hunting  a  tene- 
brionid  larva  over  the  ground,  and  then  stinging  and  burying  it. 
In  Illinois,  Forbes  (5,  p.  Jf72)  noted  Tiphia  <loing  likewise  with 
Phyllophaga  grubs.  In  the  present  investigations  this  habit  has 
been  noted  in  the  case  of  only  a  single  species,  T.  hiseculata,  in 
Japan.  In  the  particular  locality  in  which  this  species  occurs  abun- 
dantly the  soil  is  very  sandy,  and  during  heavy  rains  the  Anomala 
grubs  often  come  to  the  surface  and  wander  about  for  a  time.  This 
IS  presumably  due  to  the  collapse  of  their  soil  cells.  The  females 
of  T.  hiseculata  become  active  very  shortly  after  the  rain  ceases  and 
may  then  be  observed  attacking  the  grubs  which  they  find  above 
ground. 

POSITION    OF   THE   EGG 

The  point  of  ]>hu'oment  of  the  egg  <m  the  body  of  the  host  is  quite 
constant  among  the  individuals  of  any  given  species,  but  varies 
greatly  Ijetween  species  and  genera.  In  conjunction  with  this  speci- 
ficity in  position  another  factor,  the  direction  of  the  egg  (that  is, 
wlu'thor  the  anterior  jiolo  is  directed  towai'ds  the  lateral  margin  or 
the  median  line  of  the  body  of  the  host)  is  of  value.  In  Table  2  the 
direction  and  position  of  the  eggs  of  the  17  treated  species  are 
given,  the  respective  positions  being  also  illustrated  in  Figure  5. 
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Table  2. — Location  and  direction  of  the  egg  as  placed  hy  the  various  species 
of  Japanese   and   Chosenese   Scoliidae   listed 


Species 


Scoiia  iaponica 

Campsomeris  annulata.. 

Tiphia  iegiiipiaga 

Tiphia  koreana 

Tiphia  oridorsalis 

Tiphia  totopunctata 

Tiphia  biseculata 

Tiphia  phyUophagae 

Tiphia  vernalis 

Tiphia  agilis 

Tiphia  bicarinaia 

Tiphia  brevilineata 

Tiphia  malayana 

Tiphia  ovinigris 

Tiphia  popilliavora 

Tiphia  notopolila  alleni. 
Tiphia  asericae 


Position  of  egg 


Dorsal        Ventral       Lateral 


T2-3 
T3 
T3 
T3 


A4 
A3 


T3-A1 

T3-A1 

T3-A1 

A3-4 

A3H1 

A3-4 

A3^ 

A4-5 

A5-6,  6-7 

A  7-8 


A7-8 


Direc- 
tion 
of 
egg 


V 
V 
L 
M 
M 
M 
L 
L 
L 
L 
L 
L 
L 
L 
M 
L 
M 


Explanation  of  symbols;— T,  on  thorax;  A,  on  abdomen;  the  numerals  representing  the  respective  seg- 
ments of  the  bod  y  divisions.  L,  anterior  pole  of  egg  directed  toward  side  of  body;  M ,  anterior  pole  directed 
toward  the  median  line;  V,  vertical,  with  the  posterior  pole  adhering  to  the  host  body. 

In  Scoiia  japonica  and  Campsomeris  annulata  the  egg  stands  ver- 
tically upon  its  posterior  end  on  the  body  of  the  host,  and  always 
on  one  of  the  middle  abdominal  segments.  In  respect  to  the  former 
genus  several  Avriters  have  asserted  that  it  is  the  anterior  end  that 


—  Tiphia  tegitiplaga 


Tiphia  koreana 
Tiphia  ovidorsalis 
Tiphia  totopunctata 

fTiphia  biseculata 
4  Tiphia  phyUophagae 
[Tiphia  vernalis 

Tiphia  agilis 
Tiphia  bicarinata 
Tiphia  brevilineata 
Tiphia  malayana 

Campsomeris  annulata 


\   "^  Scoiia  japonica 
Tiphia  ovinigris 
Tiphia  popilliavora 
Tiphia  notopolita  a.Heni 

Tiphia  .asericae 

Figure  5. — Position  of  the  egg  upon  the  host  grub  of  17  species  of  Japanese  and  Chosenese 

Scoliidae 

adheres  to  the  host  derm,  but  it  is  difficult  to  perceive  how  this  rever- 
sal of  position  of  the  egg  could  be  accomplished  by  the  parasite. 

The  writers  have  not  had  the  opportunity  to  observe  the  oviposition 
habits  of  Elis  and  Dielis.  Box  (^)  has  studied  three  species  of  the 
latter  genus  and  found  that  the  egg  in  each  case  was  placed  verti- 
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callv,  while  with  Elis  xanthonotus  Roh.  it  was  in  a  horizontal  and 
transverse  position.  Davis  {5)  noted  with  E.  o-cincta  Fab.  that  it 
was  placed  horizontally  and  diagonallj'  across  the  body. 

In  Tiphia  the  egg  always  lies  flat  on  the  body,  transversely  in  one 
of  the  segmental  or  intersegmental  grooves.  The  greater  number 
of  species  seem  to  fall  into  three  general  groups  on  the  basis  of  Q.gg 
placement,  as  follows : 

(1)  Egg  placed  dorsally  in  one  of  the  grooves  of  the  third  thoracic 
segment  and  only  slightly  to  one  side  of  the  median  line.  In  this 
case  the  anterior  jx)le  of  the  ^gg  is  directed  medially. 

(2)  Egg  placed  ventrally  in  the  intersegmental  groove  between 
the  third  thoracic  and  the  first  abdominal  segments,  with  the  anterior 
pole  directed  laterad. 

(3)  Egg  placed  ventrally  between  the  third  and  fourth  abdominal 
segments,  with  the  anterior  pole  directed  laterad. 

Of  those  depositing  their  eggs  ventrally  only  a  single  species,  T. 
fO-p'Miavora^  has  the  anterior  pole  directed  toward  the  median  line, 
while  T.  asericae^  which  places  its  egg  laterally  just  above  the  ninth 
spiracle,  also  has  the  pole  directed  medialh^ 

This  position  of  the  anterior  pole  of  the  egg  seems  to  be  due  to 
the  length  of  the  Tiphia  female  in  relation  to  the  circumference  of 
the  host  body  at  the  point  at  which  the  egg  is  laid.  In  those  species 
in  which  the  body  of  the  parasite  is  of  sufficient  length  to  extend 
across  the  dorsum  and  then  across  the  ventral  surface  as  well,  thus 
forming  almost  a  complete  ring,  the  anterior  pole  of  the  egg  will  be 
directed  medially.  If,  however,  it  is  too  short  for  this  and  extends 
only  to  the  side  of  the  venter  opposite  the  head  of  the  female  para- 
site the  egg  pole  will  consequently  be  directed  laterad.  With  those 
s])ecies  which  oviposit  dorsally  on  the  thorax  the  body  of  the  parasite 
extends  first  across  the  thorax  of  the  host  ventrally,  rather  than 
dorsally. 

The  egg  position  given  for  the  various  species  is  not  absolutely 
constant,  and  many  instances  have  been  noted  of  eggs  being  placed 
one  segment  in  front  of,  or  behind,  the  normal  position.  It  is  not 
implied  that  the  positions  given  in  Table  2  are  the  only  ones  taken 
advantage  of  by  the  different  species  of  Tiphia.  Other  species  are 
known  that  oviposit  u})on  the  second  thoracic  segment  dorsally,  and 
between  the  second  and  third  ventrally,  the  egg  thus  being  found 
between  the  coxae  of  the  last  two  pairs  of  legs;  and  it  is  probable 
that  species  will  eventually  be  found  which  represent  among  them 
every  intersegmental  position  between  the  first  and  the  eighth  ab- 
dominal segments.  In  popUliavora  the  normal  egg  position  on  the 
grubs  of  I'oji/IUd  ]<ip<>i\'ic(t  ill  Ja]iaTi,  and  in  C'liina  on  other  Popillia, 
is  between  the  fifth  and  sixth  abdominal  segments  ventrally,  whereas 
in  Chosen,  on  P.  atrocoerulea  and  P.  castanoftera^  it  is  largely  be- 
tween the  sixth  and  seventh,  only  about  one-third  being  between  the 
fifth  and  sixth. 

NUMBER   OF   EGGS 

No  comi)lete  oviposition  records  were  secured  for  Scolia  japovica 
or  Gam]>!iov}crh  anirvlnfa^  but  general  observations  indicate  that 
their  rcjjiodiictive  iiotciitial  soiiicwhat  exceeds  tliat  of  the  various 
species  of  Tiphia  in  the  same  region. 
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Williams  {13^  p.  58)  records  Scolia  Dianilae  as  depositing  a  maxi- 
miim  of  52  eggs  during  a  period  of  79  days,  and  lUingworth  {10^ 
p.  33)  in  Australia  secured  84  and  95,  respectively,  from  two  females 
of  Caiihpsonie)^  tasmaniensis  Sauss.,  with  the  general  average  foi- 
the  series  under  observation  slightly  more  than  one  egg  per  day. 
The  rate  of  oviposition  of  these  genera  is  about  the  same  as  that  in 
Tiphia  but  extends  over  a  considerably  longer  period  of  time. 

Among  the  Tiphia  which  have  been  tested  sufficiently  to  give  an 
idea  of  their  normal  capacity  for  oviposition  it  has  been  found  that 
40  eggs  represent  approximately  the  general  maximum.  Of  the 
three  species  that  have  been  reared  very  extensively  in  the  insectary, 
popilliavora  in  Japan  deposited  an  average  of  nearly  2  eggs  per 
day  during  the  oviposition  period,  whereas  vernal /s  in  Chosen  and 
Tnatura  in  India  averaged  only  1  in  two  days,  these  representing 
the  extremes  of  the  genus  in  this  respect.  Under  field  conditions 
it  is  probable  that  this  difference  in  rate  is  not  so  great,  that  men- 
tioned being  possibly  due  more  to  a  difference  in  adaptability  of  the 
various  species  to  the  insectary  conditions  provided.  In  the  breed- 
ing cages  the  greatest  number  of  eggs  secured  from  a  single  female 
in  one  day  was  6,  this  being  from  T.  hicarinata.  Under  forcing  con- 
ditions in  gelatin  capsules  a  female  of  popilliavora  was  induced  to 
deposit  8  eggs  during  a  period  of  six  hours. 

A  notable  exception  to  the  above-mentioned  average  capacity  for 
oviposition  is  that  of  the  Chinese  race  of  popilliavora  studied  by 
H.  A.  Jaynes  at  Penniu.  In  the  investigations  of  1925  a  series  of 
46  females  yielded  an  average  of  54.9  eggs  each,  while  one  of  them 
produced  the  very  exceptional  total  of  115.  This  is  in  marked 
contrast  to  the  results  secured  with  the  Japanese  and  Chosenese 
races,  the  general  average  of  these  being  approximately  doubled. 
These  observations,  in  conjunction  with  various  published  reports 
by  other  authors,  indicate  that  the  reproductive  potential  of  the 
tropical  and  subtropical  forms  is  considerabl}'  greater  than  that 
of  those  species  occurring  in  the  more  temperate  regions. 

D'Emmerez  {6)  presents  figures  for  Elis  and  Tiphia  in  Mauritius 
which  differ  markedly  from  those  above  mentioned.  In  the  case 
of  Elis  riifa  Lep.  he  states  that,  in  captivity,  host  larvae  are  normally 
parasitized  by  twos,  at  intervals  of  from  six  to  eight  days,  and  this 
conclusion  was  corroborated  by  field  observations.  His  examination 
of  the  reproductive  systems  of  the  females  showed  one  mature  o^gg 
in  each  oviduct,  while  those  still  in  the  ovaries  were  of  markedly 
smaller  size.  With  Tiphia  parallela  Smith  the  normal  egg  capacity 
is  said  to  be  approximately  70,  with  the  same  rate  and  intervals  be- 
tween depositions  as  given  for  E.  rufa.  Such  periodicity  in  oviposi- 
tion has  not  been  noted  in  any  of  the  35  or  more  scoliid  species 
studied  in  the  course  of  the  writers'  investigations. 

HOST  MORTALITY  THROUGH  MECHANICAL  INJURY 

In  the  larger  Scoliidae  particularly  the  reproductive  potential 
of  the  species  does  not  necessarily  indicate  the  maximum  host  mor- 
tality that  may  be  attained.  The  permanent  paralysis  and  conse- 
quent death  of  the  grub  are  brought  about  in  a  variable  proportion 
of  cases  by  Scolia,  Campsomeris,  and  others,  without  oviposition, 
and  from  the  point  of  view  of  natural  control  this  factor  represents 
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an  added  value.  With  some  known  parasitic  Hymenoptera  the 
number  of  hosts  thus  destro^'ed  is  far  greater  than  that  caused  by 
the  feeding  of  the  progeny.  In  the  laboratory  the  proportion 
destroyed  in  this  way  by  Scolia  and  Campsomeris  is  large,  but 
this  is  difficult  of  determination  in  the  field.  That  it  does  occur 
under  normal  conditions  is  unquestionable,  as  grubs  very  evidently 
paralyzed  by  species  of  one  of  these  genera  have  been  found  in  the 
field.  In  his  report  on  the  parasites  of  scarabaeid  grubs  in  Queens- 
land Illingworth.  who  worked  with  the  larger  species  {10,  p.  25), 
states  that  the  females  of  Scoliidae  often  paralj^ze  a  much  greater 
number  of  grubs  than  actually  receive  eggs. 

This  factor  is  of  much  less  importance  in  Tiphia,  where  recovery 
from  the  effects  of  the  sting  is  complete,  and  the  mortality  effected, 
aside  from  that  due  to  normal  larval  development,  is  very  limited. 
Such  of  these  as  may  die  without  being  successfully  parasitized  do 
so  as  a  result  of  the  entrance  of  disease  organisms  at  feeding  punc- 
tures rather  than  of  direct  mechanical  injury.  This  point  has  been 
discussed  under  the  feeding  habits  of  the  adults. 

THE  IMMATURE  STAGES 
THE  EGG 

The  eggs  of  Scolia  and  Campsomeris  are  quite  similar  in  size  and 
form.  Those  of  average-sized  species  measure  2  to  4  mm.  in  length, 
with  the  maximum  width,  near  the  anterior  end,  approximately  one- 
fourth  to  one-third  of  the  length,  and  with  both  poles  smoothly 
rounded.  The  ventral  side  is  straight  or  very  slightly  concave,  with, 
the  dorsum  somewhat  arched.  The  eggs  at  first  are  a  translucent 
white  but  become  somewhat  yellowish  or  cream-colored  towards  the 
end  of  the  incubation  period. 

In  Tiphia  there  is  likewise  very  little  diversification  either  in  size 
or  form,  the  eggs  of  the  largest  species  being  about  2  mm.  in  length 
and  0.7  mm.  in  width,  with  the  dorsum  slightly  convex  and  the  ven- 
tral line  nearly  straight.  In  the  smallest  species  studied  the  egg  is 
approximately  half  the  above  length.  The  chorion  is.  in  general, 
considerably  heavier  than  in  Scolia  or  Campsomeris.  The  one  dis- 
tinguishing character  among  the  eggs  of  this  genus  is  the  color,  and 
this  is  of  very  limited  application.  In  the  great  majority  of  species 
the  egg  is  white  when  laid  but  quickly  assumes  an  amber  tint  of 
varying  depth,  owing  largely  to  the  drying  out  and  oxidation  of  the 
mucilaginous  material  wiiich  envelops  it  and  by  means  of  which  it 
adheres  to  the  iiiteguincnt  of  the  host.  A  further  slight  darkening 
in  color  occurs  as  incubation  proceeds.  The  extreme  in  egg  color  is 
represented  by  ovl/in/ris  and  j//ii//lopha(/(u\  the  only  two  species  in 
the  series  parasitic  upon  Phyllophaga,  in  which  it  is  nearly  black. 
Intermediate  in  the  color  range  are  the  eggs  of  agilis,  notopoUta 
alhvi,  and  fofojninctatd,  which  are  brownish  black,  and  of  asericaey 
whicli  arc  a  dark  gray  towards  the  end  of  the  incubation  period. 

Among  the  different  species  of  Tiphia  there  is  a  considerable  vari- 
ation in  the  hiinni'ss  witli  which  the  eggs  are  fastened  to  the  host 
body,  and  in  some  species  apparently  the  amount  or  degree  of  adhe- 
siveness of  the  mateiial  used  is  much  greater  than  in  others.  In  the 
case  of  hwcculald  and  asencac  a  great  deal  of  difficulty  was  experi- 
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€nced  in  the  breeding  work  owing  to  the  high  percentage  of  eggs 
which  were  rubbed  off.  A  similar  condition  was  noted  in  several 
other  species,  and  this  was  in  marked  contrast  to  the  relatively  high 
percentage  of  development  secured  with  yhyllofhagae^  fop-illiavora, 
and  vei^mlis.  The  position  of  the  egg  on  the  body  of  the  host  offers 
no  indication  of  the  probable  loss  from  this  cause,  as  that  of  hisecu- 
Jafa  is  placed  between  the  last  thoracic  and  the  first  abdominal  seg- 
ments, a  relatively  protected  position,  whereas  those  placed  dorsally 
<jn  the  thorax  would  seem  to  be  most  exposed  to  injury  and  loss,  yet 
this  was  not  reflected  in  the  breeding  results  or  indicated  by  field 
observations.  The  latter  revealed,  through  the  presence  of  oyiposi- 
tion  "  scars  "  (the  dried,  amber-colored  adhesive  material  which  re- 
mains on  the  host  integument  when  the  egg  is  removed),  that  much 
the  greater  loss  usually  occurs  among  those  species  which  place  the 
^gg  in  the  mid-ventral  region. 


HATCHING 


In  Scolia  japonica  and  G ampsorjieris  annulata  hatching  is  accom- 
plished by  a  median  and  irregularly  longitudinal  splitting  of  the 
chorion  over  the  head  and  the  thoracic  segments.  The  fore  part  of 
the  body  of  the  young  larva  then  emerges  from  the  opening  and  is 
bent  ventrally  until  the  head  comes  in  contact  with  the  host  body,  at 
which  point  the  feeding  puncture  is  made.  This  mode  of  emergence 
from  the  egg  gives  a  constant  position  for  the  feeding  puncture  with 
respect  to  the  parasite  egg,  it  being  always  on  the  median  ventral 
line  of  the  host  body  one  segment  caudad  of  that  on  which  the  egg 
is  situated.  In  such  other  species  and  genera  as  place  the  egg  with 
its  ventral  surface  facing  cephalad,  this  feeding  position  would  be 
on  the  segment  in  front  of,  rather  than  behind,  the  egg. 

In  the  hatching  of  the  egg  of  Tiphia  the  median  split  of  the 
chorion  also  occurs  over  the  head  and  thoracic  segments,  and  this 
portion  of  the  larval  body  is  then  extruded  slightly  forward  and 
the  feeding  puncture  immediately  made.  As  feeding  progresses  and 
the  body  enlarges,  the  split  extends  dorsally  nearly  to  the  posterior 
end.  the  caudal  segments  being  entirely  freed  before  the  end  of  the 
primarj^  stage.  The  cast  shell  then  remains  as  a  pad  beneath  the 
body  of  the  larva,  adhering  both  to  it  and  to  the  integument  of  the 
host. 


THE   LARVA 

FEEDING    HABITS 


The  feeding  habits  of  Scolia  and  Campsomeris  larvae  differ  mark- 
edly from  those  of  Tiphia  in  several  respects.  In  the  former  two 
genera  a  very  noticeable  feeding  puncture  is  made,  and  the  head 
of  the  first-stage  larva  becomes  imbedded  in  the  body  of  the  host. 
As  development  progresses  not  only  the  head  but  the  thoracic  seg- 
ments as  well  are  within  the  body.  To  permit  of  this,  or  as  a  result 
of  it,  the  thoracic  segments  are  considerably  elongated  and  much 
narrower  than  the  abdomen.  By  the  time  the  larva  attains  the  last 
instar  the  aperture  in  the  host  derm  is  slightly  less  than  2  mm.  in 
diameter,  and  an  appreciable  quantity  of  body  fluids  exudes  from  the 
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wouiifl  and  appears  as  a  rino-  about  the  "  neck  "  of  the  parasite  larva. 
In  the  early  larval  stages  feeding  is  in  the  anterior  portions  of  the 
host  body,  and  the  exposed  abdomen  of  the  parasite  consequently 
lies  diagonally  on  that  of  the  host  and  is  directed  somewhat  caudad. 
In  the  final  larval  stage  feeding  is  completed  in  the  posterior  por- 
tions of  the  host  body,  and  the  entire  contents  are  consumed,  though 
none  of  the  integument  is  eaten. 

In  view  of  the  grossness  of  the  feeding  habits  of  these  two  genera, 
resulting  in  a  very  large  wound  and  in  the  constant  exudation  of 
body  fluids  at  this  point,  it  is  surprising  that  putrefaction  does  not 
set  in  before  the  completion  of  feeding.  With  a  mechanical  injury 
producing  such  a  Avound,  decay  would  be  evidenced  very  quickly,  but 
there  is  no  trace  of  it  in  the  parasitized  grubs.  The  very  short  feed- 
ing period  guards  against  this  contingency  to  a  certain  extent.  It 
has  not  been  possible  to  distinguish  the  point  at  which  complete 
paralysis  ceases  and  death  takes  place,  but  this  is  believed  to  be  about 
the  middle  of  the  feeding  period  of  the  parasite. 

Illingworth  {10,  p.  36)  states  that  the  larva  of  Camfsomeris  rad- 
ula,  when  disturbed  just  prior  to  pupation,  ejects  water  from  the  tip 
of  the  abdomen  to  a  distance  of  G  inches  or  more.  Box  {2,  p.  317) 
states  that  those  of  the  larger  Scoliidae  in  general  have  this  habit. 
In  the  writers'  investigations,  however,  this  has  not  been  noted  to 
occur  in  S.  japoncia  or  C.  annulata. 

In  Tiphia  the  manner  of  feeding  corresponds  more  nearly  to  a 
true  parasitic  habit  than  does  the  qualified  predatory  habit  of 
Scolia  and  Campsomeris.  In  the  first  four  larval  stages  feeding  is 
entirely  suctorial,  and  the  puncture  is  consequently  of  such  minute 
size  that  when  the  larva  is  removed  from  the  host  bod}^  there  is  no 
exudation  of  fluids  from  the  wound.  The  body  of  the  larva  in  all 
stages  is  of  normal  form.  Avidest  in  the  mid-abdominal  region,  and 
with  no  appreciable  narrowing  or  elongation  of  the  thoracic  seg- 
ments. 

In  the  last  larval  stage  feeding  by  suctorial  action  gives  way  to 
the  direct  use  of  the  mandibles,  and  the  normal  habit  of  all  species 
is  to  consume  not  only  the  entire  body  contents  but  also  the  integu- 
ment, with  the  exception  of  the  head,  legs,  and  at  times  a  portion 
of  the  thorax. 

During  the  early  stages  the  body  of  the  Tiphia  larva  lies  trans- 
versely on  that  of  the  host.  In  those  species  in  which  the  egg  is 
placed  ventrally  near  the  lateral  margin,  and  with  the  anterior  pole 
directed  toward  the  margin  of  the  host  body,  the  body  of  the  parasite 
larva  extends  across  the  venter,  wliereas  in  the  case  of  those  which 
place  the  egg  Avith  the  pole  directed  toAvard  the  median  line  the 
posterior  portion  of  the  parasite  body  curA'es  over  the  lateral  margin 
and  extends  dorsally. 

NUMBER    (»K    LAKVAL    INSTARS 

In  Scolia  and  Camj^someris  there  are  four  larval  instars,  and 
the  three  cast  skins  do  not  remain  attached  in  a  fixed  position  to  the 
bodies  of  the  succeeding  instars  or  to  that  of  the  host.  In  contrast 
to  this  there  are  five  stages  in  Tiphia,  and  the  eggshell  and  the  four 
cast  skins  remain  in  leaflike  form  adhering  to  the  A^entral  side  of  the 
folloAving  stages.     The  eggshell,  which  forms  a  i)art  of  the  ventral 
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pad,  still  adheres  to  the  integument  of  the  host,  and  the  mandibles 
of  each  of  the  exuvia  remain  imbedded  in  their  respective  feeding 
punctures.  Molting  is  effected  by  a  longitudinal  dorsal  split  over 
the  thorax  and  abdomen,  and  the  head,  upon  being  extruded  from 
the  old  skin,  is  extended  slightly  forward  of  the  previous  position, 
and  a  new  feeding  puncture  is  made.  In  figure  6  is  shown  diagram- 
matically  a  fifth-instar  Tiphia  larva  with  the  four  cast  skins  and  the 
eggshell  outlined  beneath, 
and  also  a  separate  feeding 

puncture  for  each  stage,  as  ■    y  -^.^^^^  , 

represented    by    the    regu-  ^  -"'^         Iir"~~-ir^  i 

larly  spaced  heads  of  the 
exuvia. 

The  mandibles  of  Scolia 
japonica,  C amqysomerls  an- 
niilata^  and  Tiphia  koreana 
are  illustrated  in  Figure  7, 
and  the  differences  shown 

serve   as   a   ready   means   of  Figuee  6.— Diagrammatic  representation  of  the  pp- 

.      .           .    1   •          1      ,  sition  of  the  successive  larval  stages  of  Tiphia  m 

distinguishing   between  lar-  situ  upon  the  host,  showing  the  mouth  parts  re- 

,-.  ^    ^-f    +K^^^    +1,,,^^    „^»,«-^«  maining  in   the   old   feeding  punctures.     Largest 

\ae    OI    tnese    tniee    genera.  outUne  represents  the  fifth  and  last  larval  stage 

Those  of  Scolia  and  Camp- 

someris  have  three  large  teeth  and  are  quite  similar  in  general  form, 
except  that  in  Scolia  the  front  tooth  is  proportionately  somewhat 
larger  and  the  grooves  between  the  teeth  are  V-shaped,  whereas  in 
Campsomeris  these  grooves  are  narrower  and  the  sides  very  nearly 
parallel.  In  Tiphia  the  three  large  teeth  are  also  present,  the  first 
broader  and  larger  than  the  remaining  two,  which  are  subequal  with 
the  grooves  broadly  V-shaped.  The  one  ready  character  which 
distinguishes  the  mandibles  of  this  genus  from  those  of  Scolia  and 
Campsomeris  is  the  possession  of  an  additional  small  tooth  at  the 


Figure  7. — Mandibles  of  mature  scoliid  larvae :  A,  Scolia  japonica;  B,  Campsomeris 

annulata;  C,  Tiphia  koreana 

basal  margin  of  the  third  of  the  main  teeth.  This  varies  some- 
what in  size  according  to  the  species  but  has  been  noted  in  all 
the  species  studied. 

THE  COCOON 

In  Scolia  japonica  the  cocoon  is  broadly  oval  in  form,  the  posterior 
end   only    slightly   narrower   than   the    anterior,    and   both   evenly 
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rounded.  It  is  dark  brown  with  a  somewhat  glazed  surface  and  lacks 
any  loose  covering  of  silk  on  the  outside.  That  of  C ampsomeris 
annulata  is  of  the  same  general  form,  reddish  brown,  and  enveloped 
in  a  fairly  heavy  mass  of  silken  strands,  giving  it  a  pronounced 
woolly  appearance.    The  cocoon  wall  is  comparatively  delicate. 

The  Tiphia  cocoon  is  quite  distinct  from  those  of  the  other  genera 
in  that,  wdiereas  the  anterior  end  is  broad  and  smoothly  rounded,  the 
posterior  end  is  much  narrowed  and  drawn  out  to  a  distinct  point. 
The  cocoon  Avail  is  very  dense  and  compact,  with  a  highly  glazed  sur- 
face inside,  and  surrounding  it  is  a  mass  of  silken  strands  of  varying 
extent,  forming  either  a  loosely  woven  fluffy  covering  or  separated 
into  one  or  more  thin  and  distinct  envelopes.  In  agilis,  hiseculata, 
notopolita  alleni,  ovidorsalis,  phyllophagae,  popilUavora,  tegitiplaga^ 
and  vernalis  this  covering  is  loose  and  fluffy,  and  not  separable  into 
distinct  layers.  This  is  true  also  of  asericae  and  tnalayana^  but  there 
is  much  less  of  the  covering.  In  hrevilinsata,  hoveana^  and  toto punc- 
tata the  envelopes  are  quite  distinct.  Tiphia  hrevilineata  has  a  co- 
coon quite  different  from  that  of  the  other  species  in  that  it  is  heavy 
and  parchmentlike,  with  the  surface  appearing  uneven  but  some- 
what glazed  and  lacking  almost  entirely  the  loose  outer  strands  of 
silk.  Except  in  form  it  is  thus  more  nearly  comparable  to  the  cocoon 
of  Scolia  than  to  the  typical  Tiphia  cocoon. 

The  color  of  the  cocoons  in  the  genus  Tiphia  ranges  from  tan  to  a 
deep  brown,  those  of  the  smaller  species  being  in  general  the  lighter 
colored.  The  color  has  been  found  to  be  due,  in  part  at  least,  to 
the  composition  of  the  soil  in  which  it  is  spun,  as  in  a  number  of  in- 
stances noted  larvae  that  have  been  forced  to  form  the  cocoon  in 
glass  containers  or  paper  cones  free  from  soil  produce  nearly  white 
cocoons. 

In  Scolia  and  Campsomeris  the  meconium  is  discharged  in  liquid 
form  and  is  absorbed  by  the  cocoon,  considerably  discoloring  it  in 
irregular  patches.  There  is  no  trace  of  a  solid  meconial  pad  at  the 
base  of  the  cocoon,  and  only  the  cast  skins  of  the  larva  and  pupa 
may  be  found  in  the  cocoon  upon  examination  after  the  emergence 
of  the  adult.  Tiphia  forms  a  very  compact  meconial  pad  pressed 
down  into  the  narrow  tip  of  the  cocoon  with  the  upper  surface,  if 
somewhat  concave,  fitting  rather  closely  about  the  tip  of  the  abdomen 
of  the  pupa. 

MANNER  OP  EMERGENCE  FROM   THE  COCOON 

The  adults  of  Scolia  japonica  and  Campsomeris  annulata  effect 
emergence  from  the  cocoon  by  cutting  a  relatively  large  circular 
cap  from  the  anterior  end,  the  plane  of  the  opening  being  at  right 
angles  to  the  longitudinal  axis  of  tlie  cocoon.  All  Tiphia  adults 
emerge  through  a  hole  of  irregular  outline  oaten  out  at  one  side  of 
the  cocoon  near  tlie  anterior  end,  this  being  barely  large  enough  to 
permit  of  the  passage  of  the  body. 

According  to  Box  (,'2,  ;;.  318)  all  Diolis  emerge  by  cutting  a  neat 
lid  from  the  anterior  end,  whereas  Elis,  according  to  Davis  (5)  and 
Box,  has  the  same  manner  of  emergence  as  Tiphia. 

The  emergence  holes  of  secondary  parasites  may  at  times  be  mis- 
taken foi-  those  of  (he  scoliid  itself.  The  Bombyliidae  remove  a  cir- 
cular cap  from  the  anterior  end  of  the  cocoon,  but  this  can  be  recog- 
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nized  by  the  fact  that  the  edges  are  always  quite  ragged,  on  account 
of  the  cuts  being  made  by  the  rasping  of  the  head  crown  of  the  pupa, 
rather  than  a  smooth  cut  with  the  mandibles  as  in  Scolia  and  Camp- 
someris.  The  Rhipiphoridae  cut  away  a  similar  cap,  and  cocoons 
from  which  these  have  emerged  can  be  distinguished  only  by  an 
examination  of  the  larval  remains  contained  in  them.  With  Peri- 
lampus  the  hole  is  in  the  same  position  as  that  of  Tiphia,  but  usually 
larger  and  more  irregular  in  outline.  Cocoons  of  Tiphia  from  which 
Mutillidae  have  emerged  require  an  examination  of  the  contents  for 
verification,  the  holes  being  of  similar  form,  size,  and  position. 

PARTHENOGENESIS 

No  extended  experiments  have  been  made  with  the  Japanese  and 
Chosenese  Scoliidae  with  respect  to  parthenogenesis,  as  the  entire 
stock  of  reared  cocoons  of  the  principal  species  studied  was  for- 
warded to  the  United  States  for  colonization  purposes.  The  ex- 
istence of  this  mode  of  reproduction  has  been  demonstrated  in  some 
species  of  the  family  and  its  occurrence  denied  in  others.  Davis 
(5)  states  that  it  does  not  occur  in  EUs  5-cincta  Fab.,  though  un- 
mated  females  will  sting  grubs.  According  to  lUingworth  {10) 
Campsomeris  radula  produces  largely  males  when  unmated,  though 
also  a  few  females,  and  he  states  that  in  general  a  smaller  number 
of  eggs  is  laid  by  such  females.  The  production  of  both  sexes  of 
progeny  by  unmated  females,  even  in  the  disproportionate  numbers 
given,  is  a  ver}^  unusual  occurrence  in  the  parasitic  Hymenoptera, 
The  customary  result  is  the  production  of  males  only,  or,  in  a  rela- 
tively few  instances,  of  females  only. 

NATURAL  ENEMIES 

In  the  course  of  the  investigations  on  the  Scoliidae  in  Japan  and 
Chosen,  it  was  not  possible  to  make  extended  field  collections  'of 
cocoons  for  the  rearing  of  such  parasites  as  might  be  contained  in 
them.  This  difficulty  was  due  to  the  intensive  cultivation  practiced 
in  these  countries,  as  a  result  of  which  very  little  waste  land  was 
available  in  which  diggings  could  be  made.  Ten  natural  enemies, 
as  shown  in  Table  3,  have  been  noted,  of  which  Palarus  saishiuensis 
Okamoto  was  found  in  Chosen  and  the  remaining  species  in  Assam, 
India. 

This  wasp,  P.  saishiuensh.  is  one  of  the  hunting  wasps  which 
stores  its  nest  largely  with  adult  Apidae,  Sphecidae,  and  Scoliidae. 
The  species  is  known  to  be  well  distributed  in  Chosen  and  in  the 
island  of  Saishiu  (Quelpart),  but  has  not  been  recorded  from  Japan. 
A  general  account  of  the  habits  of  this  insect  has  been  published  by 
one  of  the  waiters  (12) . 

The  female  wasps  are  found  most  commonly  during  August  and 
September.  Their  burrows  are  invariably  situated  in  rather  heavy 
clay  soil,  the  surface  somewhat  sloping,  and  with  little  or  no  vege- 
tation upon  it.  In  Figure  8  is  shown  a  section  of  a  typical  burrow 
with  the  enlarged  cell  at  the  bottom,  in  which  the  victims  are  placed 
and  the  egg  deposited  among  them.  The  burrow  extends  for  a  dis- 
tance of  from  8  to  12  inches  into  the  soil  and  at  an  angle  of  about 
40°  from  the  horizontal.    The  slope  of  the  burrow  is  not  continuous 
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but  is  broken  from  two  to  four  times  by  a  short  diversion  after  each 
of  which  the  general  trend  is  resumed.  When  the  excavation  of  the 
nest  is  complete,  the  mouth  of  the  burrow  is  filled  and  covered  with 
sand  and  dust. 


Table  3. — Insect  enemies  of  the  seoUid  parasites  found  in  Chosen  and  in  India 


Parasite 

Family 

Scoliid  host 

Hyiuenoptera: 

Patarus  saishiuensis  Okum ..      

Sphecidae 

Tiphia  spp. 

MufiUa  stephani  Magr 

Mutillidae -.- 

Tiphia  matura  A.  and  J. 

Mutilla  sp.,  near  antennata  Sua 

..  do 

Tiphia  sp. 

Perilampus  sp . 

Perilarnpidae-  

Tiphia  pullivcra  A.  and  J. 

Coleoptera: 

Afacrosaigon  pusillum  Gerst  ..      

Rhipiphoridae 

Bombyliidae.- -. 

(Tiphia  matura  A.  and  J. 
\Tiphia  pullivora  A.  and  J. 

1  Scotia  sp. 
iCampsomeris  sp. 

Diptera: 

Hyperalonia  oenomaus  Rond... 

Exoprosopa  sipho  Aid 

....do 

[Tiphia  sp. 
Tiphia  pullivora  A.  and  J. 

Aphoebantus  clauseni  Aid 

do 

Do. 

Aphoebantiis  seriatus  Aid 

.  do - —  - 

Do. 

Nematode: 

Eomermia  tenuittima  Cobb 

(Tiphia  matura  A.  and  J. 
(Tiphia  pullivora  A.  and  J. 

The  search  for  wasps  with  which  to  stock  the  nest  takes  place 
largely  during  the  middle  of  the  day.  The  actual  capture  and 
stinging  has  not  been  observed,  but  numerous  females  were  noted 
bringing  the  paralyzed  prey  to  the  burrow.  It  is  deposited  near  the 
entrance  of  the  burrow,  and  the  female  then  leaves  it  and  scrapes 
away  the  sand  and  dust  from  the  entrance  with  her  forelegs.  She 
descends  into  the  burrow,  then  turns  about  and  comes  to  the  surface, 
after  which  she  seizes  the  prey  by  the  thorax  and  drags  it  into  the 
burrow.  (Fig.  8,  inset.)  It  appears  probable  that  each  burrow  is 
completed  and  stocked  the  same  day  it  is  started,  and  successive  re- 
turns of  the  female  with  freshly  captured  prey  were  seen  to  occur  at 
intervals  of  5  to  10  minutes. 

In  nine  completed  nests,  which  were  excavated  and  the  contents 
recorded,  73  paralyzed  wasps  were  found,  with  14  as  the  maximum  in 
one  cell.     By  families  the  numbers  of  individuals  were  as  follows: 

Scoliidae 48  (Tiphia  only). 

Apidae 21   (5  or  more  species). 

Sphecidae 2   (Oxybelus,  Cerceris). 

Mirmosidao 1   (Mirmosa). 

Ichneumonidiie 1. 

From  the  foregoing  list  it  will  be  seen  that  the  greater  proportion 
of  the  victims  of  this  wasp  are  Tiphia,  the  remainder  being  largely 
various  Apidae  approximating  Tiphia  in  size.  It  is  evident  that  the 
numerical  abundance  of  a  hunting  wasp  such  as  this  could  affect 
decidedly  the  efficiency  of  such  of  these  scarabnoid  parasites  as  are 
of  suitable  size  and  occur  during  the  latter  part  of  the  summer.  The 
injurious  effect  is  accentuated  by  the  fact  that  by  far  the  greater 
proportion  of  the  wasps  killed  are  females. 

Only  an  occasional  specimen  of  Mutilla  was  secured  from  the 
cocoons  of  Ti'pliui  nnatAira  collected  in  India.  An  examination  of 
the  contents  of  tlie.se  parasitized  cocoons  showed  that  development 
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of  the  parasite  had  been  completed  upon  the  mature  Tiphia  larvae. 
The  mandibles  of  the  last-stage  mutillid  larva  are  larger  and  differ 
markedly  in  form  from  those  of  any  of  the  Scoliidae.  Emergence 
from  the  cocoon  is  effected  through  a  rather  irregular  hole  near  the 
anterior  end,  very  similar  to  that  of  the  host  though  possibly  some- 
what smaller. 

Among  the  thousands  of  cocoons  of  Tiphia  ■pullivora  and  others 
collected  in  India  and  shipped  to  the  United  States  during  the 
period  from  1925  to  1927,  inclusive,  several  each  year  yielded  adults 
of  PeriJampus  sp.  A  number  of  those  retained  in  India  were  iso- 
lated prior  to  emergence  and  the  contents  later  examined.  The 
form  of  the  mandibles  of  the  larva  showed  the  cocoons  to  be  un- 
questionably those  of  Tiphia.     The  cast  skins  of  the  Perilampus 


Figure  8. — The  burrow  of  Palarus  saishiuensis,  showing  the  rearing  chamber  at  the 
bottom,  X  %  ;  and  (inset)  a  female  dragging  her  prey  into  the  mouth  of  the 
burrow,  natural  size 

planidia  were  found  still  attached  to  the  cast  larval  skin  of  the 
host,  though  development  had  been  completed  upon  the  pupae. 

It  is  not  considered  that  Perilampus  is  a  normal  parasite  of 
Tiphia  but  rather  that  these  few  instances  represent  stray  planidia 
Avhich  in  some  manner  had  gained  access  to  the  host  larvae,  either 
in  the  feeding  stage  or  after  the  formation  of  the  cocoons  and  once 
there  were  able  to  develop  to  maturity  upon  them.  The  diversity  in 
the  previously  known  hosts  of  Perilampus  is  so  great  that  develop- 
ment upon  Tiphia  is  not  at  all  surprising,  but  the  manner  of  reaching 
these  larvae  in  the  soil  is  difficult  to  explain. 

The  smaller  Tiphia  species  in  India  are  quite  generally,  and  often 
fairly  heavily,  attacked  by  rhipiphorid  parasites.  One  lot  of  250 
cocoons  of  Tiphia  puUivora  collected  during  July  at  Shillong  was 
found  upon  examination  to  contain  1  mature  larva,  6  pupae,  and  64 
adults  of  Macrosaigon  pusiUum  Gerst.^,  this  representing  a  para- 


3  Determined  by  E.  A.  Chapin. 
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sitization  of  28.-1:  per  cent.  In  the  case  of  this  parasite  the  Tiphia 
hosts  are  killed  in  the  mature  larval  stage,  and  the  adults  of  the  para- 
site emerge  slightly  earlier  than  would  those  of  the  host.  Emer- 
gence is  effected  by  cutting  away  a  neat  cap  from  the  anterior  end 
of  the  cocoon. 

The  life  history  of  this  group  of  beetles  in  the  role  of  parasites 
in  scoliid  cocoons  has  not  been  studied,  and  there  is  considerable 
doubt  as  to  the  exact  manner  in  which  the  primary  larvae  gain 
access  to  the  host.  Neither  is  it  known  whether  it  is  the  immature 
larval  form  upon  the  scarabaeid  grub  which  is  first  attacked  or  the 
mature  form  within  the  cocoon.  General  observations  indicate  a 
mode  of  development  somewhat  similar  to  that  of  Hyperalonia  and 
some  other  Bombyliidae. 

Among  the  females  of  M.  pusillum  there  is  an  unusual  range  of 
color  forms,  some  being  entirely  black,  others  with  red  thorax,  and 
finally  some  with  both  the  thorax  and  abdomen  red. 

All  four  species  of  Bombyliidae  listed  in  Table  3  were  reared  from 
isolated  cocoons.  The  species  present  in  the  field  in  greatest  numbers 
was  Hyperaloma  oenomoAis,  which  effected  each  year  a  parasitization 
of  50  to  GO  per  cent  of  the  cocoons  of  a  large  red-legged  Tiphia 
which  itself  attacks  Anomala  diom'plialia.  An  account  of  the  life 
history  of  this  parasite  has  been  published  by  the  senior  writer  in 
an  earlier  paper  (.5).  In  brief  it  may  be  stated  that  the  adult  Hies 
appear  in  the  field  immediately  after  the  period  covered  by  the  host 
adults,  the  eggs  are  presumably  deposited  upon  the  surface  of  the 
ground,  and  the  3^oung  larvae  find  their  way  into  the  cocoons  and 
develop  as  external  parasites  of  the  resting  larvae.  The  active 
feeding  period  covers  10  to  15  days.  There  is  a  single  generation  each 
year,  and  the  \rinter  is  passed  in  the  mature  larval  stage  within  the 
host  cocoon. 

A  small  proportion  of  the  cocoons  of  Tiylda  puUivora  and  T. 
inatura  which  had  been  collected  for  rearing  purposes  were  found 
to  yield  instead  a  species  of  nematode,  which  has  been  described  by 
N.  A.  Cobb  as  Eoniermis  tenuissima.  These  emerged  from  the  co- 
coons early  in  July,  this  being  only  shortly  after  the  formation  of 
the  cocoon  of  T.  inatura  and  immediately  preceding  the  normal  time 
of  emergence  of  T.  pullivora. 

SUMMARY 

All  the  scoliid  species  studied  have  been  found  to  be  parasitic  on 
scarabaeid  grubs  of  the  subfamilies  Melolonthinac  and  Rutelinae. 

The  food  substances  required  by  the  adults  come  from  three  gen- 
eral sources — (1)  the  secretions  of  aphids,  scales,  and  various  other 
ITomoptera,  (2)  certain  plant  blossoms,  and  (3)  nectar  from  various 
glands  associated  with  foliage.  The  disjicrsion  of  the  parasite  can 
therefore  follow  that  of  the  host  only  so  far  as  the  range  of  its  par- 
ticular food  supply  extends. 

On  the  basis  of  tlic  writers'  investigations  \\\)\i\\  the  Scoliidae  para- 
sitic upon  scarabaeid  grubs,  and  sup})orted  by  published  data  of 
other  writers,  the  following  general  habits  may  be  given  for  the  dif- 
ferent genera  under  discussion : 

(1)  In  Scolia.  Campsomeris,  Dielis.  and  Elis  there  is  a  mark.-d 
tendency  toward  swarming  of  the  males  at  night.  This  habit  has 
not  been  noted  in  Tii)hia. 
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(2)  Paralysis  of  the  host  is  permanent  in  the  case  of  Scolia,  Camp- 
someris,  Dielis,  and  Elis,  and  only  temporary  in  Tiphia.  In  the 
first  four  genera  the  host  grub  is  usually  buried  more  deeply  in  the 
-oil  than  its  normal  feeding  level. 

(3)  In  Scolia,  Campsomeris,  and  Dielis,  the  egg  is  placed  per- 
pendicularly upon  the  ventral  surface  of  the  abdomen  of  the  host, 
whereas  in  Elis  it  lies  horizontally  and  diagonally  in  the  same  gen- 
eral region.  In  Tiphia  it  is  placed  transversely  in  a  segmental  or 
intert^egmental  groove,  and  either  dorsally  on  the  thorax  or  ventrally 
between  any  two  body  segments.  The  egg  position  varies  with  the 
species  but  is  constant  for  each. 

(4)  In  Scolia  and  Campsomeris  and,  to  a  modified  extent,  in 
Dielis  and  Elis  the  anterior  portions  of  the  body  of  the  larva  are 
thrust  into  the  feeding  puncture,  whereas  in  Tiphia  feeding  is  suc- 
torial. In  Scolia  and  Campsomeris  no  portion  of  the  integument 
is  eaten,  whereas  the  Tiphia  larva  consumes  all  but  the  head  and 
the  more  heavily  chitinized  portions  of  the  thorax  following  the 
completion  of  feeding  upon  the  body  fluids. 

(5)  The  cocoons  of  Scolia,  Campsomeris,  Dielis,  and  Elis  are 
smoothly  rounded  at  both  ends,  as  contrasted  with  the  very  pointed 
posterior  end  of  that  of  Tiphia. 

(6)  The  solid  meconial  pad  is  absent  in  the  cocoons  of  Scolia  and 
Campsomeris,  but  present  in  that  of  Tiphia. 

(7)  In  Scolia,  Campsomeris,  and  Dielis  emergence  from  the  co- 
coon is  effected  by  cutting  away  a  circular  cap  at  the  anterior  end. 
wdiereas  in  Elis  and  Tiphia  an  irregular  hole  of  much  smaller  size 
is  eaten  out  at  one  side  near  the  anterior  end. 

An  account  is  given  of  the  natural  enemies  of  the  Scoliidae  en- 
countered during  the  course  of  the  investigations  in  the  various 
countries. 

Of  the  Hymenoptera,  Palarus  saishiuensis,  a  sphecid  wasp  studied 
in  Chosen,  stores  its  nests  with  adult  Tiphia  and  certain  other  wasps 
of  similar  size.  Two  species  of  Mutilla  and  one  of  Perilampus 
were  reared  from  the  cocoons  of  Tiphia  in  India,  though  in  very 
small  numbers. 

The  rhipiphorid  beetle  Macrosaigon  'puslllmn  was  found  quite 
frequently  in  the  cocoons  of  T .  jfulUvora  in  India. 

Four  species  of  bombyliid  flies  are  listed  as  having  been  reared 
from  the  cocoons  of  either  Scolia,  Campsomeris,  or  Tiphia  in  India. 
Hyperalonm  oenomaus  is  the  only  one  of  these  occurring  in  large 
numbers,  and  each  year  it  parasitized  from  50  to  65  per  cent  of  the 
overwintering  cocoons  of  an  undetermined  species  of  Tiphia. 

The  nematode  Eomermis  teiiuissima  was  reared  occasionally  dur- 
ing the  summer  from  cocoons  of  Tiphia  pidlivora  and  T.  niatwra. 
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INTRODUCTION 

The  need  has  long  been  recognized  for  a  perennial  grass  that  will 
produce  greater  yields  of  hay  and  more  abundant  pastiMrage  under  con- 
ditions of  limited  water  supply  than  can  be  obtained  from  native 
grasses  in  the  United  States.  In  an  eflt'ort  to  obtain  such  a  grass,  seed 
has  been  procured  from  many  foreign  sources  and  tested  at  several 
points  in  the  Great  Plains.  Bromegrass  (Brotnus  inermis  Leyss.) 
introduced  into  the  United  States  in  1884,  has  been  for  years  the  out- 
standing cultivated  grass  in  the  northern  Great  Plains,  and  although 
it  has  played  an  important  part  in  the  agriculture  of  that  region,  there 
still  remains  a  need  for  a  more  productive  drought-resistant  grass,  and 
efforts  are  continually  being  directed  toward  that  objective.     As  a 

1  Also  superintendent  of  the  Dickinson  Substation,  Dickinson,  N.  Dak. 

2  The  authors  acknowledge  data  furnislied  and  cooperation  given  at  various  times  by  John  M.  Stepiien.s. 
P.  V.  Cardon,  .\lbert  Osenbrug,  I.  J.  Jensen,  N.  P\  Woodward,  and  Harold  E.  Tower  at  Moccasin,  Mont.; 
B.  Dundas.  Dickinson,  N.  Dak.;  August  L.  Nelson,  Archer,  Wyo.;  Rav  S.Towle,  Sheridan,  Wvo.;  Samuel 
Garver,  Redfield,  S.  Dak.;  Oscar  R.  Mathews,  Ardmore,  S.  Dak.;  and  V.  E.  Hill,  Waterville,'  Wash. 
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result  of  these  efforts,  crested  wheatgrass  (Agropyron  cri statu m 
Gaertn.)  was  introduced  several  years  ago,  and  after  thorough  testing 
it  has  been  found  to  possess  considerable  promise  for  the  cold,  dry 
regions  of  the  United  States.  While  it  succeeds  better  under  certain 
conditions  than  bromegrass,  it  is  not  to  be  assumed  that  bromegrass 
\nll  be  replaced  by  crested  wheatgrass,  as  there  are  locations  where  the 
bromegrass  gives  more  satisfactor}'^  results.  Slender  wheatgrass 
(^1.  tenerum  Vasey)  is  grown  to  some  extent,  and  although  it  usually 
produces  well  for  two  or  three  years  it  is  much  shorter  hved  than  crested 
wheatgrass  or  bromegrass. 

Crested-wheatgrass  hay  is  more  palatable  to  livestock  than  brome- 
grass hay  and  over  a  period  of  years  has  given  somewhat  greater  yields, 
OA\dng  to  the  fact  that  bromegrass  tends  to  become  sod  bound  after 
two  or  three  years.  For  preventing  washing  and  to  stop  washing 
where  it  has  already  started,  bromegrass  is  more  effective  than  crested 
wheatgrass. 

HISTORY 

Crested  wheatgrass  is  a  native  of  the  cold,  dry  plains  of  Russia  and 
Siberia.  While  an  occasional  specimen  had  been  reported  in  the 
United  States  at  an  earlier  date,  it  was  first  introduced  through  the 
efforts  of  the  United  States  Department  of  Agriculture  in  1898,  the 
seed  having  been  sent  in  by  N.  E.  Hansen,  of  the  South  Dakota  Agri- 
cultural College,  while  engaged  in  plant-exploration  work  for  the  de- 
partment in  Russia  and  Siberia.  Five  lots  of  seed  received  at  that  time 
were  assigned  S.  P.  I.  Nos.  ^  835,  837,  838,  1010,  and  1012,  but  there 
are  no  available  records  of  tests  \\ith  any  of  these  lots  of  seed.  Small 
samples  of  seed  received  from  Sweden  in  1905  and  from  the  Royal 
Botanical  Gardens,  Dublin,  Ireland,  were  sown  at  the  Arlington 
Experiment  Farm,  Rosslyn,  Va.,  in  190G,  but  failed  to  genninate. 
That  year  seed  of  crested  wheatgrass  was  received  through  the  Mos- 
cow Botanical  Gardens,  Moscow,  Russia,  under  S.  P.  I.  No.  19536, 
together  vdth  seed  of  S.  P.  I.  Nos.  19537  to  19541,  inclusive,  under 
the  name  Agropyron  desertorum,^  which  resembled  A.  cristatum  very 
closely  in  growth  characteristics  and  adaptation.  Other  lots  of  seed 
were  received  in  1907  through  Frank  N.  Meyer  and  N.  E.  Hansen, 
both  of  whom  were  on  ]>lant-exploration  expeditions  for  the  United 
States  Department  of  Agriculture.  As  far  as  is  known,  all  of  the 
crested  wheatgrass  being  grown  in  the  United  States  at  the  present 
time  traces  back  to  impoi-tations  made  in  1906  under  S.  P.  I.  Nos. 
19536  to  19541,  inclusive,  or  to  later  ini])ortations. 

The  grass  is  known  to  have  been  grown  at  the  South  Dakota 
Agricultural  Experiment  Station  at  Brookings  shortly  after  1900, 
and  at  Ilighmore,  S.  Dak.,  as  early  as  1906.  From  information 
a^■uilable  it  njjpears  that  crested  wheatgrass  was  first  sown  at  tlie 
Arlington  Experiment  Farm  in  1906.  Other  lots  of  seed  were  sown  at 
Arhngton  farm  and  at  PuHnian,  Wash.,  and  Chico,  Calif.,  in  1907. 
The  first  seeding  at  the  Belle  Fonrclie  Field  Station,  Newell,  S.  Dak., 
was  made  in  190S  jind  consisted  of  S.  P.  1.  Nos.  19536  to  19541, 
inclusive  (2).^     No.  19536  proved  to  be  fairly  uniform,  having  broad 

'  .\cce!?.sioii  niiiiibcrii  of  the  Division  of  Koreitni  Plant  Inlrodncfion,  forniprly  Offiw  of  Foreign  Seed  and 
I'lunt  Introduction, 

'  AgTi,j)yron  crintiiliim  anil  .1.  deaerloriim  are  so  siniilnr  that  Ixilli  ar»'  included  under  tin-  name  crested 
whfialKru,ss  in  thin  hulletin. 

»  Italic  numbers  in  parentheses  refer  to  Literature  cited,  p.  M 
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spikes  and  awnedsocd.  Nos.  19587  to  19541  were  nearly  identical, 
being  taller  and  more  productive  than  No.  19536.  Seed  of  these  num- 
bers produced  at  Newell  was  sent  to  Akron,  Colo.,  Ardmore,  S.  Dak., 
and  to  several  other  stations  in  the  northern  Great  Plains.  The  first 
seeding  in  North  Dakota  seems  to  have  been  made  at  the  Dickinson 
substation  of  the  State  agricultural  experiment  station  in  1909.  The 
possibilities  of  the  grass  did  not  attract  much  attention,  how^ever, 
until  1915,  the  year  it  was  sown  at  the  United  States  Northern  Great 
Plains  Field  Station  at  Mandan,  N.  Dak.,  and  at  the  Judith  Basin 
Branch  Station  of  the  Montana  Agricultural  Expermient  Station, 
Moccasin,  Mont. 

At  present  crested  wheatgrass  is  being  tested  at  most  of  the  experi- 
ment stations  in  the  northern  Great  Plains  and  in  the  prairie  Provinces 
of  Canada.  Seed  w^as  first  produced  on  a  commercial  scale  by  a  farmer 
in  Montana  shortly  after  1920,  and,  although  the  value  of  the  grass 
had  been  demonstrated  as  a  result  of  more  than  20  years'  experience 
in  growing  it,  seed  was  first  listed  by  seedsmen  in  1929,  when  it  was 
oft'ered  for  sale  by  a  dealer  in  North  Dakota.  During  the  last  10 
years,  however,  considerable  seed  has  been  distributed  by  several 
State  experiment  stations  and  by  the  United  States  Department  of 
Agriculture. 

DESCRIPTION 

Crested  wheatgrass  {Agropyron  cristatum)  is  a  long-lived  perennial 
bunch  grass.  (Fig.  1.)  It  is  closely  related  botanically  to  slender 
wheatgrass  (A.  tenerum)  and  western  wheatgrass  (A.  smithii  Rydb.), 
both  native  to  the  northern  Great  Plains.  The  head  or  spike  of  crested 
wheatgrass  is  2  to  4  inches  long,  being  shorter  but  much  broader  than 
that  of  slender  wheatgrass.  In  general  appearance  it  is  flat  and  often- 
times more  or  less  fan  shaped.  (Fig.  2.)  The  crowded  spikelets 
tend  to  stand  out  from  the  axis  of  the  spike,  which  therefore  appears 
rather  broad.  In  contrast,  the  spikelets  of  slender  wheatgrass  are 
more  widely  spaced  and  lie  closer  to  the  axis,  forming  a  comparatively 
slender  spike.  The  seed  is  about  the  same  shape  as  that  of  slender 
wheatgrass  but  only  about  one-half  as  large.  (Fig.  3.)  In  some  types 
the  seeds  have  decided  awns,  while  others  are  practically  awnless. 
The  stems  of  crested  wheatgrass  are  generally  fine,  and  the  leaves  are 
medium  abundant  and  somewhat  darker  colored  than  slender  wheat- 
grass.    Both  stems  and  leaves  retain  their  color  remarkably  well. 

CHARACTERISTICS 

Crested  wheatgrass  has  a  longer  productive  period  than  slender 
wheatgrass,  and  with  sufficient  moisture  good  yields  have  been 
obtained  from  stands  10  to  15  years  old.  It  has  the  ability  to  grow 
at  a  low^er  temperature  than  most  other  grasses  and,  depending  upon 
the  season,  starts  to  grow  from  5  to  14  days  earlier  than  bromegrass  or 
slender  wheatgrass.  Likewise  it  continues  to  grow  later  in  the  fall, 
and  if  it  is  used  in  conjunction  with  some  grass  that  is  more  productive 
during  the  heat  of  midsummer,  when  crested  wheatgrass  makes  little 
growth,  the  grazmg  season  is  prolonged.  AVhen  moisture  conditions 
are  favorable  in  the  fall,  growth  is  resumed,  and  often  a  height  of  G 
to  8  inches  is  attained.    This  growth  may  best  be  utilized  for  grazing. 

Like  slender  wheatgrass,  crested  wheatgrass  belongs  to  the  bunch 
grasses,  differing  in  this  respect  from  bromegrass  and  western  wheat- 
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grass,  both  of  which  spread  by  underground  rootstocks  and  tend  to 
develop  a  uniform  turf.  This  difference  in  growth  tends  to  make 
western  wheatgrass  and  bromegrass  somewhat  more  difhcult  to  eradi- 
cate than  crested  wheatgrass.  In  thin  seedings  of  crested  wheatgrass 
the  individual  plants  tend  to  enlarge,  and  a  rough  and  bunchy  con- 
dition results  in  old  fields,  especially  where  there  is  much  soil  blowing. 


Vuil'HK  1.— Typical  plant  nf  crrslcd  \vli(-iilj;riiss  {Agrnpiiinii  ni.iliitii ni) 

There  is  usually  a  marked  variation  in  tlie  indivichial  jilants  from 
commercial  lots  of  seed.  Tbis  variation  may  be  in  color  and  size  of 
plant,  fineness  and  number  of  stems,  number  and  distribution  of  leaves, 
liairiness  of  tbe  entire  plant,  shape  and  size  of  seed  head,  and  length 
of  iiwti.  The  seeds  of  some  |)ImuIs  bave  |)i()n()iiii('e(l  nwus,  w  luMv^as 
Lbo.se  of  others  luive  very  short  awns  or  none  at  all.    Seeds  with  long 
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curled  !i\vns  HIV  <»l)joc<ioii,'ihlr,  sitwc  (lif\v  \\n\r  a  (rjulcTirv  lo  luiiiu; 
((•pother  iind  will  t\ot  shnkc  readily'  (lu()nii;h  (he  sirAcs  of  llie  ( lircslior 
or  fanning:  mill  and  do  not  feed  freely  through  a  grain  (hill.  A  fair 
standard  for  crested-wheatgrass  seed  is  a  bushel  weight  of  22  pounds, 
purity  of  88  to  90  per  cent,  and  germination  of  90  per  cent.  This 
standard  is  not  difhcidt  to  attain  if  care  is  used  in  handling  the  crop, 
if  it  is  threshed  without  exposure  to  a  long  rainy  period,  and  if  the 
seed  is  thoroughly  cleaned.  When  stored  in  a  cool  dry  place  the  seed 
retains  its  viability  for  three  or  more  years,  with  only  a  gradual 
decline  in  ability  to  germinate.  There  are  about  250,000  to  300,000 
seeds  of  crested  wheatgrass  in  a  pound,  w^hich  is  about  twice  as  many 
as  in  a  pound  of  slender  wheatgrass. 

The  wide  variation  in  the  individual  plants  affords  an  excellent 
opportunity  for  improvement  through  breeding  and  selection. 


Figure  2. — Some  of  the  common  types  of  heads  of  crested  wheatgrass 
ADAPTATION 

Crested  w^heatgrass  seems  especially  adapted  to  the  northern  Great 
Plains,  where  the  temperatures  are  severe  and  the  moisture  supply  is 
limited.  In  parts  of  eastern  Oregon  and  Washington  w^here  dry  farm- 
ing is  practiced,  crested  w^ieatgrass  is  grown  successfully,  and  it  has 
given  good  yields  under  irrigation  as  far  south  as  Garden  City,  Kans. 
It  has  also  been  reported  as  doing  well  under  iirigation  at  Alturas, 
C^alif.  No  instance  is  known  of  crested  wheatgrass  being  killed  out 
by  severe  drought  or  cold.  It  has  survived  the  most  severe  droughts 
of  the  northern  Great  Plains,  but  the  gi-ass  is  not  productive  during 
extreme  heat  or  drought.  Under  such  conditions  it  remains  dormant 
until  the  fall  rains  come,  when  gi'ow^th  starts  again,  and  if  moisture 
conditions  continue  favorable,  considerable  fall  grazing  is  fuinished. 
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KiiiLKK  3.— A,  Swd  <if  l)roiiiegruss;  U.seetl  (.'f  crested  whealgrtiss;  C,  seed  of  slender  wheatgniss. 

MIX  4 
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Accordinji:  to  DiDm.'ui  (.5),  85.S  pounds  of  water  is  required  to  produce 
I  pound  of  dry  matter  in  cresied  wheatgrass,  as  compared  with  784 
pounds  for  bromegrass  aTid  l^S,*^  ])ounds  for  western  wheatgrass. 
Dilbnaii  {'),i>.  236)  says: 

These  values  are  probably  too  high  as  comjjared  with  the  real  efficiency  of  the 
grasses  as  dry-land  crops.  All  are  perennials,  and  during  late  summer  under 
normal  conditions  they  store  organic  food  material  in  their  rhizomes  and  roots 
which  enables  them  to  produce  an  early  summer  crop  the  following  year  with 
probably  an  efficient  use  of  water. 

This  comment  seems  justified,  since  tlie  results  given  in  Table  19 
show  that  45  per  cent  of  the  season's  growth  of  crested  wheatgrass 
had  been  harvested  on  May  10,  whereas  the  studies  of  the  water 
requirement  began  on  May  21  and  24,  respectively,  in  the  two  years 
covered  by  these  studies. 

The  average  weighted  mean  water  requirement  of  alfalfa  (Afedicago 
sativa  L.)  in  these  investigations  was  found  to  be  798  pounds. 

WT^iile  the  grass  withstands  drought  well,  it  also  responds  to  favor- 
able moisture.  The  largest  jdeld  ever  secured  at  Redfield,  S.  Dak., 
about  3  tons  to  the  acre,  was  obtained  during  a  season  with  abundant 
moisture. 

Crested  w^heatgi'ass  does  well   on  productive  soil  of  almost  any 

texture  and  has  given  good  results  on  rather  light  sandy  soils  as  well 

as  on  clay  soils. 

CULTURE 

^  SEED  BED 

Crested  wheatgrass,  being  tender  in  the  seedling  stage,  requires 
the  best  possible  conditions  for  germination  and  early  growth.  A 
firm,  fine  seed  bed  well  supphed  with  moisture  and  comparatively 
free  from  weeds  is  essential  to  a  satisfactory  stand.  This  condition  is 
generally  obtained  without  difficulty  following  a  crop  of  corn  or  after 
summer  fallow.  Where  the  moisture  supply  is  more  favorable  a  good 
seed  bed  may  be  prepared  on  fall  or  spring  plowed  gi-ain  stubble. 
The  land  should  be  worked  dowTi  well,  smoothed  with  a  spike-tooth 
harrow,  and  packed,  if  necessary,  just  before  seeding. 

TIME    OF   SEEDING 

The  most  favorable  time  to  sow  crested  wheatgrass  varies  vnth  the 
locality  and  the  season.  The  usual  practice  is  to  sow  in  the  spring  at 
about  the  time  of  sowing  spring  wheat,  as  the  moisture  conditions  are 
likely  to  be  most  favorable  at  that  time.  If  the  soil  is  dry  in  early 
spring,  delayed  seeding  often  gives  better  results.  Likewise,  where 
weeds  are  abundant,  better  stands  result  from  seedings  made  late 
enough  to  permit  two  or  three  cultivations  with  a  disk  harrow, 
a  spring-tooth  harrow,  or  a  duck-foot  cultivator  before  seeding,  thus 
killing  many  of  the  weeds.  In  most  of  the  region  to  which  the  grass 
is  suited  even  delayed  seedings  ordinarily  should  be  made  not  later 
than  the  first  of  June.  At  Havre,  Mont.,  however,  the  best  results 
on  an  average  have  been  secured  from  seedings  made  about  June  1 ; 
though,  depending  upon  the  season,  earlier  and  later  seedings  some- 
times have  been  more  successful .  While  spring  seedings  are  much  to 
be  preferred,  fall  seedings  sometimes  give  good  results  where  the  mois- 
ture conditions  are  favorable.  In  the  vicinity  of  Waterville,  Wash., 
fall  seedings  have  generall}'^  proved  more  satisfactory  than  spring 
seedings.     In  this  region  it  is  generally  ad\nsed  that  the  seed  be  drilled 
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in  grain  stubble,  which  tends  Icj  chock  soil  blowing  during  the  winter. 
In  the  northern  Great  Plains  fall  seedings  should  be  made  not  later 
than  the  early  part  of  September.  Fall  seedings,  however,  are  some- 
times seriously  injured  by  cold  or  dry  weather  or  by  gi-asshoppers. 

EXPERIMENTS  AT  HAVItE,  MOVT. 

The  date-of-seeding  experiments  with  crested  wheatgrass,  slender 
wheatgi'ass,  and  bromegrass  at  the  Northern  Montana  Branch  Station, 
Havre,  Mont.,  included  four  approximate  dates:  April  15,  May  10, 
June  1,  and  June  20.  If  stands  the  following  spring  are  taken  as  an 
indication  of  the  best  range  of  dates,  iiTespective  of  method,  in  which 
to  sow  grasses  at  Havre,  seven  years  of  stand  estimates  summarized 
in  Table  1  suggest  that  May  10  to  June  1  is  the  most  reliable  period 
for  estHl)lishing  stands.  However,  the  most  favorable  date  has  varied 
from  year  to  year  and  has  depended  somewhat  on  the  surface  moisture 
present  when  the  seeding  was  done.  Very  early  seedings  often  have 
suffered  from  severe  competition  with  weeds,  and  the  late  June  seed- 
ings have  been  handicapped  by  hot,  dry  weather  during  the  seedling 
stage.  If  the  land  has  been  properly  prepared  and  the  weeds  de- 
stroyed, usually  it  is  possible  to  select  a  time  after  May  10  when  con- 
ditions favor  rapid  gei'mination  and  satisfactory  stands.  Stands  of 
grasses  have  been  obtained  from  autumn  seedings,  but  weed  infesta- 
tion the  next  year  similar  to  that  experienced  from  early  spring  seeding 
has  rendei-ed  fall  plantings  less  dependable  than  those  made  during 
the  May  10  to  June  1  period.  Bromegi'ass  has  proved  the  most 
difficult  of  the  three  to  establish,  though  thin  stands  frequently  have 
improved  materially  by  the  end  of  three  or  four  seasons.  Crested 
wheatgrass  and  slender  wheatgrass  have  appeared  nearly  equal  with 
respect  to  the  ease  with  which  stands  may  be  established. 

Table  L- — Average  stands,  the  spring  after  seeding,  of  crested  ivheatgrass,  slender 
wheatgrass,  and  brornegrass  seeded  at  different  times  at  the  Northern  Montana 
Branch  Station,  Havre,  Mont,  1924-1931  ' 


Kind  i)f  crass 

Metlujd  ot  seeding 

Stand  from  sowings 
on 

made  a|)pro\iiniitely 

.\  verage 

Apr.  15 

May  10 

June  1 

June  20 

f '  rested  w  heatgrass 

Do 

Rows -^ 

Per  cent 
59 
70 
57 
(12 
39 
57 

Per  cent 
6(i 
79 
fil 
«3 
.■iO 
(S4 

Per  cent 
52 
(-,:! 
7(1 

52 
69 

Per  cent 
57 
(id 
."i'.i 
59 
50 
56 

I'er  cent 
5«.  5 

Close  drills 

68.  0 

.'^lender  wheatgrass 

Do 

Itows 

Close  drills 

61.8 
70.3 

Itronieirrass          

Hows          

47.8 

IJO                   

Clos*-  drills 

66.5 

Average 

m.  3 

70.5 

(V3.8 

56. « 

62.1 

'  192^1  data  omitted  in  compiling  the  averages. 

MKTHOD  OF  SKKDINC 

Crested  wlieatgrnss  may  be  sown  in  close  drills  or  in  rows  wide 
enough  a])art  to  cultivate.  Where  the  cro])  is  to  be  utilized  for  hay 
or  ])usture,  close  drills  are  pr(>ferable,  except  where  the  moisture  supply 
is  very  limit (>(l.  The  seed  should  be  sown  with  a  grain  drill  covering 
iiboiit  one-hiilf  inch.  J)ee|)  covering  is  often  resijonsible  for  failure  to 
obtain   a  satisfactorv  stnn<l.     The  double-disk  drill   is  prelciiiblc   to 
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the  single-disk  drill,  as  it  does  not  cover  so  deeply.  Well-cleaned 
seed  will  run  through  the  drill  more  freely  than  seed  of  most  other 
grasses,  but  it  is  advisable  to  watch  closely  to  see  that  none  of  the 
cups  or  spouts  become  clogged,  thus  leaving  skips  in  the  field. 


Figure  4.— Crested  wheatgrass  under  dry-land  conditions  at  the  Dickinson  (N.  Dak.)  Substation. 
grown  in  rows  for  hay  and  seed  production:  A,  Bloom  stage,  June  30,  1930;  B,  growth  under 
double-row  method  of  seeding,  with  thick  stand  of  volunteer  seedlings  between  the  rows,  a 
characteristic  condition  after  early  fall  rains.     Photographed  October  14 

Under  dry-land  conditions  crested  wheatgrass  should  be  sown 
alone,  although  where  the  moisture  is  favorable  good  stands  are 
obtained  when  it  is  sown  with  a  nurse  cro])  of  wheat  or  oats.  There 
are  two  ways  of  secnling  the  grass  in  rows,  the  single-row  and  the 
double-row  method.  (Figs.  4  and  5.)  In  the  single-row  method  seed 
105767°— 32 2 
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is  dropped  in  a  row  from  one  spout  of  the  grain  drill,  and  in  the  double- 
row  method  the  seed  is  dropped  from  two  adjacent  spouts  which  are 
usually  6  or  7  inches  apart.  Both  methods  have  been  used  at  the 
United  States  Northern  Great  Plains  Field  Station,  Mandan,  N.  Dak., 
for  a  number  of  years,  but  the  double-row  method  first  tried  at  this 
station  in  1921  is  preferred,  since  skips  are  not  likely  to  occur.  The 
most  satisfactory  distance  between  rows  is  36  to  42  inches  for  either 
single  or  double  rows. 

If  the  grass  is  to  be  grown  mainly  for  seed,  it  should  be  sow^n  in 
rows  and  kept  cultivated,  as  in  most  seasons  a  better  quality  of  seed 
can  be  produced  in  rows  than  in  close  drills.  The  grass  may  be  grown 
in  rows  for  hay  in  areas  where  the  rainfall  is  very  limited,  but  under 
most  conditions  it  is  better  to  sow  in  close  drills  for  hay  or  pasture. 
Hay  produced  in  rows  is  likely  to  contain  considerable  dust  and  dirt, 
and  the  difference  in  hay  yield  in  favor  of  the  rows  usually  is  not 
enough  to  offset  the  poorer  quality  of  the  hay  and  the  extra  work 
involved  in  keeping  the  rows  cleanly  cultivated. 

EXPERIMENTS    AT    MOCCASIN,    MONT. 

Seedings  of  crested  wheatgrass  have  been  made  yearly  since  1921 
at  the  Judith  Basin  branch  station,  Moccasin,  Mont.,  comparing  (1) 
rows  with  close  drills,  (2)  seedings  without  a  nurse  crop  with  those 
having  nurse  crops  of  wheat  or  flax,  and  (3)  seedings  on  fallow  with 
those  made  on  spring-plowed  grain  stubble.  The  results  are  given 
in  Table  2. 

Table  2. — An7iual  and  average  acre  yields  of  air-dry  hay  of  crested  wheatgrass 
produced  vnder  stated  methods  of  seeding  at  the  Judith  Basin  Branch  Station, 
Moccasin,  Mont.,  1921-1930 


Nurse 
crop 

Year 

sown 

Acre  yield  (pounds)  of  air-dry  hay  in — 

Aver- 
age 

Method  of  seeding 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

36-inch  rows  on  fallow 

None.-- 

...do 

Wheat.. 
None 

...do 

...do 

...do 

Wheat.. 
None... 
Wheat.. 
Flax.... 
Wheat.. 

Flax 

None... 

Wheat.. 
Flax.... 

None 

Wheat. 
Flax.... 

None 

Wheat.. 

Flax.... 

...do 

1921 1 
1921  » 
1921 
1922 

1922 
192;i 

1923 

I92:i 
I92r. 

1925 
1925 
192fl 
192(1 
192« 

192ti 
192C. 
1927 
1927 
1927 
192X 
192H 
192H 
192H 

1, 980 

2,717 
2,  2.'-)(l 

2,180 
2,380 
2,277 
1,885 

1,495 

3,472 
2,  70.N 

2,  377 
2,730 

2, 079 
2, 435 

3,415 

3,  202 

2,156 
1 ,  307 
1,  337 
1,484 

1,466 
1,129 

1,418 
1,331 

1,  731 
1,  167 

1,  125 
1,196 

1,282 
928 

1,269 
1,047 

2,  036 

3,  430 
3,  233 

2,807 
3,  105 

3,  240 
2,670 

3,220 

2,  593 

4,  629 

3,  088 
4,644 

3,  583 

4,  997 
3,064 

2,121 
2,  168 

2,120 
1,827 
1,567 
1,610 

1,  760 
1,210 

1,  260 
1,272 

2,251 

2,  439 
2,  263 
2.  894 
2,  546 
2,946 

2,781 
2, 970 
2,511 
2,051 
2,  298 

2,438 
2,200 

Close  drilled  on  fallow 

Do    

1, 963 

Close  drilled  on  spring 

plowing. 
Close  drilled  on  fallow 

2, 002 

1,887 

Close  drilled  on  spring 

plowing. 
Close  dri  led  on  f.'illow 

1, 674 

2,116 

Do 

1,889 

Do 

1,845 
1,721 
1,4n5 
1,414 

1,  2'..6 
1,697 

1,838 
1,8.38 
1,509 
1,150 
1,544 

2.  239 

1,049 
1,  191 

'MX) 
1,  272 

919 
1,161 

1,179 
1,  2.32 
1,066 
1,037 
1,073 
1,  627 
1.  250 
1,697 
1,061 

2,  362 

Do 

1,  590 
1, 586 

2, 006 

Do .- 

2,  194 

Do 

2,291 

Do 

2,  440 

Close  drilled  on  spring 
plowing. 
Do 

2,217 

1,980 

Do               .... 

2,  C52 

Close  drilled  on  fallow.. 
Do 

1,695 
1,513 

Do 

1,6.38 

Do  .  . 

I,  933 

Do 

1,391 
2,  546 

1,321 

Do 

2,  122 

Close  drilled  on  si)ring 
plowing. 

1,226 

1,144 

'  Average  yields  of  3  F.  1'.  I.  (Foreign  IMiml  Inlroduclion)  iiuniliers. 

In  summarizing  the  results  of  these  tests,  it  is  foun<l  tlifit  cresteil 
wheatgrass  in  rows  has  given  slightly  liiglier  nvernge  yields  tliiiii  in 
close  drills  in  th(;  one  conipiinible  test;  seedings  iniule  on  suinmer 
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fallow  have  generally  averaged  more  than  those  on  spring-plowed 
stubble,  with  the  advantage  mainly  due  to  yields  the  first  year;  and 
somewhat  better  yields  have  usually  resulted  from  seedings  made 
without  a  nurse  crop.  In  comparing  flax  and  wheat  as  nurse  crops, 
it  is  found  the  flax  has  had  a  somewhat  less  depressing  effect  on  sub- 
sequent yields.  In  some  cases  where  flax  has  been  used  as  a  nurse 
crop,  yields  have  practically  equaled  and  at  times  exceeded  those  made 
without  a  nurse  crop. 

EXPERIMENTS    AT    SHERIDAN,  WYO. 

Experiments  at  the  United  States  Dry  Land  Field  Station,  Sheri- 
dan, Wyo.,  have  included  comparisons  of  seedings  in  close  driUs  with- 
out a  nurse  crop  with  those  having  a  nurse  crop  of  barley.  The  yields 
are  given  in  Table  3.  The  first  year  after  seeding,  the  plots  sown 
without  a  nurse  crop  have  usually  given  slightly  higher  yields,  though 
occasionally  the  advantage  is  in  favor  of  seedings  made  \vith  a  nurse 
crop.  No  significant  dift'erences  have  occurred  in  the  average  yields 
under  the  two  methods. 


\ 
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Figure  5. — Crested  wheatgrassl  sown  in  single  rows  in  the  spring  of  1922  at  the  United  States 
Northern  Great  Plains  Field  Station,  Mandan,  N.  Dak.     Photographed  July  1,  1924 

Table  3. — Annual  and  average  acre  yields  of  air-dry  hay  of  crested  icheatgrass 
sown  in  close  drills  without  a  nurse  crop  and  with  one  of  barley  at  the  United 
States  Dry  Land  Field  Station,  Sheridan,  Wyo.,  1925-1930 


Nurse  crop 

Year 
sown 

Acre-yield  (pounds)  of  air-dry  hay  in— 

.Aver- 

1925 

1926 

1927 

1928 

1929 

1930 

age 

None 

1924 
1924 
1926 
1926 
1927 
1927 
1928 
1928 

1,680 
1,400 

1,840 
1,400 

1,960 
1,720 
1,560 
1.  ,H40 

(') 

(') 
2,  640 
3.240 
2,  240 
1,920 

1,600 

1,  520 
3,080 
3,080 

2,  520 
2,200 

3,  000 
2,  600 

720 

880 

880 

1,040 

1,040 

920 

1, 640 

1,640 

1,560 

Barley    .^ 

1,384 

None -      -. 

2,040 

Barlev                          -i- - 

2,300 

None.--              -  -      

1,  933 

Barley .     . ,                ____.. 

1,680 

None.. 

2,  320 

Barlev 

2.  120 

J  No  data  available.    Not  considered  in  averages. 
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RATE   OF  SEEDING 


For  hay  and  pasture,  crested  wheatgrass  ordinarily  should  be  sown 
in  close  drills  at  the  rate  of  10  to  12  pounds  to  the  acre.  (Fig.  6.) 
Heavier  seedings  result  in  decreased  yields  where  the  moisture  supply 
is  limited.  Where  the  grass  is  to  be  grown  in  cultivated  rows  for  seed 
production  or  for  hay  in  the  drier  areas,  2  to  3  pounds  of  seed  per  acre 
is  ample  for  single  rows  and  4  to  5  pounds  for  double  rows  42  inches 
apart.  In  close-drilled  seedings  the  grain  drill  should  be  set  for  about 
one-half  the  usual  rate  of  seeding  wheat.  If  the  seed  is  clean  and 
heavy  it  may  be  necessary  to  close  the  drill,  but  if  the  seed  does  not 
feed  readily  the  drill  must  be  opened  wider.  All  that  is  necessary  is 
to  keep  the  seed  dropping.     The  drill  cups  should  be  watched  to 


FiOLUE  C— A  close-drilled  plot   of  crested  whoatgrass   at   the  Judith  Basin  Branch  Station. 

Moccasin,  Mont. 

sec  that  they  do  not  clog.  The  drill  box  should  be  fill(Ml  about,  one- 
third,  and  the  seed  should  be  leveled  off  with  the  hand  at  frequent 
intervals. 

CULTIVATION 

Ordinarily  a  close-drilled  field  of  crested  wheatgrass  does  not  recpiire 
any  attention  during  the  year  that  it  is  sown.  In  case  of  a  favorable 
season  a  light  hay  crop  may  be  obtained,  but  usually  there  is  not 
enough  growth  to  pay  for  the  trouble  of  harvesting.  If  weeds  become 
very  tioul)lesome  the  field  may  be  clipped,  although  ordinarily  it  is 
better  not  to  mow  during  the  year  of  seeding,  as  tliere  is  some  advan- 
tage in  allowing  the  grass  and  weeds  to  stand  to  catch  the  snow  during 
the  winter.  Furthermore,  if  the  stand  happens  to  be  rather  thin, 
enough  of  the  plants  may  produce  seed  ^^  hen  not  cut  tlie  first  season  to 
thicken  the  stiind  iiiatciiiilly.  Where  there  is  an  al)undance  of  weeds 
the  field  should  be  hiinied  on  a  windy  day  in  i\\o  si)iing  following 
seeding  before  the  new  growth  starts;  or  if  this  is  not  feasible,  the  w<>e<Is 
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should  1)0  raUod  :m<l  luiuhv)  od"  lor  huriiing.  it  is  no!  julvisiihlo  lo 
bum  the  hunchos  on  the  liohl,  ;is  the  jjniss  under  them  is  sure  to  bo 
killed.  After  the  first  year,  weeds  give  iittie  trouble  in  a  close-drilled 
field.  When  the  grass  is  sown  in  rows  it  is  advisable  to  cultivate  the 
first  season  to  keep  down  weeds  between  the  rows,  but  the  weeds  in 
the  rows  may  be  left,  as  they  help  to  catch  the  snow  and  so  furnish 
protection  for  the  plants  during  the  winter.  After  the  first  year  the 
rows  need  cultivating  two  or  three  times  a  season.  In  old  stands 
weeds  sometimes  become  troublesome  in  the  rows  and  may  require 
some  attention. 

COMPOSITION 

EXPERIMENTS  AT  DICKINSON,  N,  DAK. 

The  compositioii  of  crested  wheatgrass  at  various  stages  of  growth 
as  compared  with  slender  wheatgrass,  bromegrass,  and  native  grasses 
grown  on  similar  soils  is  shown  in  Table  4.  In  all  cases  the  analyses 
are  based  on  hay  containing  15  per  cent  moisture.  In  this  study, 
made  at  the  Dickinson  Substation,  Dickinson,  N.  Dak.,  crested  wheat- 
grass  and  bromegrass  started  to  head  about  May  20  to  25,  and  slender 
wheatgrass  started  about  10  days  later.  Crested  wheatgrass  and 
bromegrass  were  starting  to  bloom  June  25,  while  the  slender  wheat- 
grass  was  still  heading.  On  July  25  crested  wheatgrass  was  beginning 
*to  mature  and  was  somewhat  ahead  of  the  bromegrass.  Crested 
wheatgrass  and  bromegrass  were  mature  on  August  10,  and  the  slender 
wheatgrass  was  shattering.  Although  it  headed  somewhat  later  than 
the  other  species,  slender  wheatgrass  matured  more  rapidly. 

Table  4. — Composition  of  crested  wheatgrass,  slender  wheatgrass,  bromegrass,  and 
native  grasses  at  various  stages  of  growth  from  early  spring  to  full  maturity  at 
the  Dickinson  Substation,  Dickinson,  N.  Dak.,  1928  ' 


[Data  calculated  in  percentages  on 

the  basis  of  hay  containing 

15  per  cent  moisture] 

Ash 

Ether  extract 

Crude  protein 

Crude  fiber 

CO 

,r, 

M 

,n 

m 

'& 

c§ 

^ 

C8 

Si 

CO 

!S 

^ 

Ui 

bc 

tti 

b£ 

tn 

bC 

tuC 

bC 

« 

w 

+^ 

•^ 

Date  cut 

OJ 

a. 

<ij 

» 

03 

4' 

m 

S 

? 

S^ 

.c 

x: 

fA 

c§ 

.c 

Si 

Crt 

§ 

sz 

-C 

ti{ 

!^ 

x: 

(S 

is 

h. 

be 

ts 

Is 

2 

cm 

ts 

tf 

2 

u 
til 

Is 

^ 

C3 

(-1 

13 

i~t 

S" 

"O 

■c 

■o 

tn 

a; 

» 

(a 

a- 

S 

q; 

OJ 

Q 

w 

Of 

a 

1 

1 

-a 

a 

S 
o 

■73 
O 
a; 

O 

03 

H 
o 

cc 

o 

CO 

m 

'A 

u 

CO 

«■ 

'A 

u 

to 

pq 
11.02 

z 

o 

CO 

PQ 

;2; 

Apr.  10 

8.84 

9.30 

10.18 

2.01 

1.28 

1.51 

15.86 

9.68 

27.  39 

31.  78 

27.00 

Apr.  25 

9.46 

9.49 

8.98 

2.01 

1.59 

1.99 

19.07 

11.00 

13.2:3 

22.  94 

29.50 

24.  17 

May  10 

10.25 

12.10 

11.87 

3.10 

2.71 

2.75 

21.01 

15.73 

18.51 

21.  16 

24.62 

20.43 

May  25 

8.02 
5.47 
4.79 
5.59 

8.92 
6.60 
6.32 

7.86 

6.  14 
9.96 
8.05 

7.47 
"9.'46 

2.64 
2.48 
2.44 
1.90 

3.52 
2.84 
2.55 
1.92 

2.87 
2.43 
2.24 

2.06 
'171 

18.82 

12.27 

12.61 

9.76 

18.11 

12.  95 

12.61 

9.93 

19.93 
14.  57 
11.94 
11.68 

11.87 
18.70 

22.92 
26.94 
25.  52 
25.  81 

22.74 
24.28 
25.97 
29.38 

19.71 
22.89 
22.92 
26.63 

23.71 

.Tiinp,  10 

June  25 

23.66 

July  10 

2.20 

July  25 

.5.49 

5.64 

5.71 

7.80 

2.  16 

1.92 

1.  97]  2. 15 

9.78 

8.72 

9.20 

9.66 

25.43 

28.79 

24.80 

2.5.28 

Aug.  10 

5.25 

5.81 

6.14 

2.27 

2.12 

2  18 

9.05 

6.31 

8.98 

25.61 

30.27 

21.37 

Aug.  25 

10.  12 

1.61 

8.  19 

23.59 

23.32 

Average 

7.02 

8.00 

8.65 

2.33 

2.27 

2.24 



14.  25 

11.67 

13.23 

24.86 

27.48 

'  The  analyses  were  made  by  the  Department  of  Agricultural  Chemistry,  North  Dakota  Agricultural 
Experiment  Station,  and  in  part  published  by  that  station  (8). 

As  is  shown  in  Table  4,  the  ash  content  of  crested  wheatgrass,  with 
a  few  minor  exceptions,  is  lower  than  that  of  bromegrass,  slender 
wheatgrass,  or  native  grasses  for  most  stages  of  growth.  Ether  ex- 
tract is  not  of  great  significance  in  grasses,  as  all  are  relatively  low  in 
fat,  but  in  the  analyses  here  reported  crested  wheatgrass  had  a  higher 
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])oj-("onta«2:e  of  otlior  cxtrHol  than  slondei-  wheatjjrass  oi'  broniegrass 
oil  live  of  tho  nine  harvestin*;  dates,  and  the  average  for  the  season 
was  also  slightly  higher.  The  cnide-protein  content  of  crested  wheat- 
grass  early  in  the  season  was  considerably  greater  than  that  of  the 
other  grasses,  reaching  its  maximum  on  May  10,  after  which  there 
was  a  gradual  decline  as  the  grass  approached  maturity.  Slender 
wheatgrass  and  bromegrass  reached  their  maximum  protein  content 
May  25,  and  the  native  grasses  June  25.  Slender  wheatgrass  ex- 
ceeded crested  wheatgrass  in  pro  tern  in  only  two  of  the  nine  dates 
of  harvesting.  In  the  average  of  all  analyses  the  protein  content  of 
crested  wheatgrass  was  more  than  that  of  slender  wheatgrass  or  of 
bromegrass.  The  crude-fiber  content  of  a  grass  is  indicative  of  its 
digestibility  and  palatability;  the  lower  the  crude  fiber  the  greater 
the  palatability,  other  factors  being  equal.  The  data  given  in  Table 
4  show  that  crested  wheatgrass  is  appreciably  superior  to  slender 
wheatgrass  in  this  respect,  but  not  quite  so  good  as  bromegrass. 

At  the  Dickinson  substation  plots  of  crested  wheatgrass,  slender 
wheatgrass,  and  bromegrass  were  chpped  twice  monthly  from  April 
10  to  September  25.  Analyses  of  these  chppings  are  given  in  Table  5. 
It  is  believed  that  these  analyses  are  indicative  of  the  composition  of 
the  grasses  as  grazed  during  the  season.  It  will  be  noted  that  there 
is  a  considerable  range  in  the  composition  at  different  periods  but 
that  there  are  no  consistent  or  very  strildng  differences  in  the  thi'ee 
grasses  when  cut  at  semimonthly  intervals.  The  highest  protein 
content  shown  is  28.73  per  cent  for  crested  wheatgrass  on  June  25. 
This,  however,  is  only  slightly  higher  than  the  28.03  per  cent  of 
bromegrass  on  September  10.  Similarly,  the  average  of  all  clippings 
shows  a  somewhat  higher  protein  content  for  the  crested  wheatgrass 
than  for  slender  wheatgrass  or  bromegrass,  and  a  lower  crude-fiber 
content  for  bromegrass  than  for  the  other  two  grasses.  The  protein 
content  is  higher  than  woidd  be  found  in  ordinary  pasture  clippings, 
since  the  grasses  fi'om  which  the  samples  were  taken  w^ere  grown  in  rows ; 
but  it  is  believed  that  the  analyses  of  the  three  grasses  are  comparable. 

Table  5.' — Composition  of  clippings  of  crested  wheatgrass,  slender  wheatgrass,  and 
bromegrass  clipped  semimonthly  from  April  10  to  September  25,  1928,  at  the 
Dickinson  Substation,  Dickinson,  N.  Dak.^ 

[Data  ralculated  in  percentapes  on  the  ba.sis  of  hay  containing  15  per  cent  moisture] 


Ash 

Ether  extract 

Crude  prot 

ein 

Crude  fiber 

Date  cut 

w 

Of 

Is 

c 

a 
£ 

P5 

t 
•c  2 

0) 

Is 
£ 

E 
o 

IS    M 

o 

!£S 

■a  hi 
H 

2 
i 

CO 

■c  2 

5=S 

c 

s 

i 
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Apr.  10      

8.84 

9.01 

9.95 

9.44 

8.04 

10.  27 

19.  12 

10.  89 

9.51 

9.08 

S.  54 

9.81 

9.  30 

9.  38 

10. 1)8 

9.15 

8.43 

10.  34 

10.  80 

10.  35 

K.  03 

10.  03 

8.37 

9.57 

10.  18 
9.40 

11.  .5;} 
10.87 

7.93 

18.  89 

21.00 

10.  f.2 

11.08 

7.  93 

8.60 

8.49 

2.01 
2.  72 
4.47 
2.44 
1.79 
2.  05 
2.31 

2.  84 

3.  20 
3.  49 
3.77 
3.42 

1.28 
2.01 
3.  9t; 
3.47 
2.88 
2.00 
3.  35 
3.  .52 
3.14 
3.  32 
4.35 
3.  09 

1.51 

2.  M 
4.07 

3.  17 
2.  39 
2.  29 
2.  40 
3  45 
2.  98 

2.  98 
2.07 

3.  45 

15.  80 
25.  10 

27.  43 
24.  79 
21.88 

28.  73 
20.  8,8 
27.  87 
24.  24 
24.  51 
2,5.91 
24.75 

9.  08 

23.  32 
27.21 

24.  .54 

21.  ,59 

23.  72 

24.  10 
21.25 
18.  90 
18.73 
20.  95 

22.  18 

11.02 
22.  30 
20.  49 
24.  01 
22.  87 
23  31 
20.  31) 
22.  80 
22.  98 
20.  19 
28.  ffil 
24.  70 

27.  39 

19.  45 

18.  ,54 

20.  97 
21.20 

19.  92 
19.  77 
18.98 
13.99 
18.  02 
18.34 
17.97 

31.78 

19.  30 
17.  ,50 

20.  39 
20,  2ti 
20.  42 
17.73 

20.  80 
22.  48 

21.  44 
19.  79 
18.41 

27  00 

Apr.  25 

10.  97 

May  10 

May  25 

10.  37 
19.38 

.lune  10 

20.  71 

June  25 

17.  00 

July  10 

18.28 

July  25    

19  as 

Auk.  10  

Au({.  25 

17.09 
15.47 

Sept.  10 

Sept.  25 

15.87 
14.  95 

Average 

10.30 

10.09 

11.42 

2.  93 

3.  m 

2.  83 

24.  33 

21.  35 

22.99 

19.  55 

20.  80 

18,23 

>  .See  footnute  to  Table  4. 
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The  difrorcnce  in  protein  content  between  crested  wheatgiass  grown 
in  rows  and  that  grown  in  close  drills  is  given  in  Table  6.  On  each 
of  the  several  dates  crested  wheatgrass  grown  in  rows  contained 
appreciably  more  protein  than  when  grown  in  close  drills.  This 
difference  is  probably  the  result  of  the  more  rapid  growth  of  the  grass 
in  rows,  due  to  a  more  favoral)le  moisture  supply  and  also  to  more 
available  nitrogen  in  the  cultivated  soil. 

Table  6. — Cm  de-protein  content  of  created  wheatgrass  clipped  at  monthly  intervals 
as  affected  by  the  method  of  seeding,  at  the  Dickinson  Substation,  Dickinson,  N.  Dak., 
1928  1 


Method  of  seeding 

Percentage  of  crude  protein  when  clipped  on— 

.\pr.  25 

May  25 

June  25 

July  25 

Average 

Rows    .  -  -. 

25.  16 
20.11 

24.79 
21.69 

28.73 
23.83 

27.87 
18.13 

26  64 

Close  drills 

20.94 

Differenoe  in  favor  of  rows  .     

5.05 

3.10 

4.90 

9.74 

5.70 

1  See  footnote  to  Table  4. 


EXPERIMENTS  AT  MANDAN.  N.  DAK. 


The  chemical  composition  of  crested  wheatgrass,  slender  wheat- 
grass,  and  w^estern-wheatgrass  hay  collected  at  the  field  station  at 
Mandan,  N.  Dak.,  is  given  in  Table  7.  These  samples  were  taken  at 
practically  the  same  stage  of  growth.  It  w^ill  be  noted  that  the  protein 
content  of  crested  wheatgrass  is  twice  that  of  slender  wheatgrass  but 
only  slightly  more  than  that  of  western  wheatgrass. 

Table  7. — Chemical  composition  of  grasses  collected  at  the   United  States  Northern 
Great  Plains  Field  Station,  Mandan,  A".  Dak.^ 


Kind  of  grass 


Crested  wheatgrass  2 

Slender  wheatgrass  ' 

Western  wheatgrass  * 

Slender- wheatgrass  seed  *_ 
Western-wheatgrass  seed  6 


Dry 
matter 


95.61 
95.24 
94.56 
95.57 
95.40 


Percentage  composition  of  dry  matter 


Ash 


9.98 
7.56 
7.82 
6.26 
6.31 


Crude 
protein 


13.95 
6.76 

12.  69 
7.  16 

13.  95 


Ether 
e.xtract 


1.52 
1.44 
1.74 
2.44 
1.87 


Crude 
fiber 


38.99 
42.82 
36.48 
32.  12 
22.79 


Nitrogen- 
free 
extract 


35.  56 
4L42 
41.26 
52.02 
55.08 


•  Analyses  made  by  T.  H.  Hopper,  agricultural  chemist,  North  Dakota  Agricultural  E.xperiment  Station. 

2  Cut  July  8,  1924.     Plants  just  coming  into  bloom.    Season  later  than  usual. 

3  Cut  July  10,  1924.     Plants  in  full  bloom. 
<  Cut  July  9,  1924.     Plants  in  full  bloom. 

»  Seed  picked  Aug.  25,  1924.    Fully  mature. 
6  Seed  picked  Aug.  24,  1924.    Fully  mature. 

Table  7  also  gives  the  analyses  of  seeds  of  slender  wheatgrass  and 
western  wheatgrass,  but  no  analyses  w^ere  made  of  orested-wheatgrass 
seed.  The  protein  content  of  slender-wheatgrass  seed  is  only  about 
one-half  that  of  western  wheatgrass,  the  relation  being  similar  to  that 
found  in  the  hay. 


16         TECHNICAL  BULLETIN  307,  U.  S.  DEPT.  OF  AGRICULTURE 


UTIFJZATION 

Crested  wheatgrass  makes  a  very  palatable  hay,  is  a  good  pasture 
grass,  has  been  used  successfully  in  the  improvement  of  ranges  and  in 
reseeding  abandoned  plowed  areas,  and  under  some  conditions  may 
be  utilized  to  advantage  on  lawns.  Jt  is  also  valuable  as  a  sod  crop 
in  a  rotation  with  fhix  or  other  crops. 

AS   A   HAY   CROP 

So  far  as  finality  and  palatability  are  concerned,  crested-wheatgrass 
hay  compares  most  favorably  with  the  famous  western-wheatgrass 
hay  of  certain  parts  of  the  Great  Plains.  While  crested  wheatgrass 
is  readily  eaten  by  all  classes  of  livestock,  horses  seem  to  be  especially 
fond  of  the  hay,  often  preferring  it  to  bromegrass  hay.  In  the 
United  States  forage-crop  field  experiments  at  Redfield,  S.  Dak.,  horses 
have  eaten  the  crested-wheatgrass  straw  in  preference  to  good  brome- 
grass hay. 

Kirk  (.9)  says: 

Tliis  year  [1927]  crested  wheat  grass  straw  was  compared  w'ith  western  rye 
grass  [slender  wheatgrass]  hay  by  placing  a  f(jrkful  of  each  before  several  horses 
in  the  barn.  In\ariably  the  crested  wheat  grass  straw  was  completely  eaten 
first.  This  speaks  well  for  the  palatability  of  crested  wheat  grass  and  emphasizes 
the  excellent  quality  of  the  feed  after  the  seed  has  been  removed  by  threshing. 

The  stems  of  crested  wheatgrass  are  generally  fine,  leaves  medium 
abundant,  and  both  stems  and  leaves  retain  their  green  color  remark- 
ably well.  To  obtain  the  best  quality  of  hay,  crested  wheatgrass 
should  be  cut  shortly  after  it  comes  into  bloom.  In  the  northern 
Great  Plains  this  time  varies  with  the  season  but  will  usually  be  the 
latter  part  of  June  or  early  July.  The  hay  cures  readily  and  may  be 
hauled  in  soon  after  cutting.  Over  a  period  of  years  crested  wheat- 
grass  has  outyi elded  other  cultivated  grasses  grown  in  the  region. 
Both  bromegi-ass  and  slender  wheatgrass  frequently  give  better 
yields  the  first  two  or  three  j^ears,  after  which  the  bromegrass  tends  to 
become  sod  boimd,  resulting  in  decreased  yields,  and  the  yields  of 
slender  wheatgrass  decline,  owing  to  a  natural  thinning  out  of  the 
grass,  which  is  shorter  lived  than  either  crested  wheatgrass  or  brome- 
grass. Plots  of  crested  wheatgrass  that  have  been  down  10  years  or 
more  have  given  some  remarkable  yields  in  seasons  of  sufficient 
moisture. 

KXPERIMENTS    AT    MANDAIST,     N.     DAK." 

The  first  seeding  of  crested  wheatgrass  at  the  field  station  at 
Mandan,  N.  Dak.,  was  made  in  42-inch  single  rows  in  1915.  (Fig.  7.) 
Bromegrass  and  slender  wheatgrass  were  sown  at  the  same  time  and 
in  the  same  manner.  Jiromegrass  was  also  sown  in  close-drilled 
plots.  (Fig.  8.)  Yields  of  hay  have  b(HMi  secured  from  these  seedings 
of  crested  wheatgrass  and  bromegrass  each  year  since  191(3,  but  the 
slender  wheatgrass  was  completely  killed  in  the  winter  of  1919-20. 
The  results  are  shown  in  Table  8.  In  these  early  seedings  bromegrass 
in  rows  oiityieldcd  crested  wheatgrass  in  I'ows  only  twice,  and  the 
clos(!-drilled  plots  of  bromegrass  produced  more  hay  than  crested 
wheatgrass  in   rows  in   only  three  seasons.     The   1922  seedings  of 

"  From  Mlir)  fo  V.)22  llicse  invesliKiilions  were  curried  on  conpernlively  between  the  oflices  of  Pry  I,nnrl 
Agriculture  11  ml  Alkiiliiiiid  Drouj^lU-Kesistaiil  I'liiiit  ItivesliKutions  of  the  U.S.  Oepiirtineiit  of  .Vtjrirulture, 
lindpr  lhesii|K'rvi.sj(Pii(,f  .\.  ('.  Dillman.  Since  l'.»2L'lhe  Division  of  Dry  l.iind  AuriculUire  and  the  Oivision 
of  KoruKe  Crops  and  Di.stm.ses  have  cooperated  in  the  (oriiKe-crop  iuve.stiKations  at  Mandnn. 
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crested  wheatgrass  in  rows  produced  as  much  or  more  hay  each  year 
than  bromegrass  in  rows  or  close  drills. 


Table  8.- — Annual  and  average  acre  yields  of  air-dry  hay  of  crested  wheatgrass, 
slender  ivheatgrass,  and  bromegrass  grown  for  different  periods  during  the  years 
1916-1930  at  the  United  States  Northern  Great  Plains  Field  Station,  Mandan, 
N.  Dak.' 


Kind  of  grass 

Method  of 
seeding 

Year 
sown 

Acre  yield  (pounds)  of  air-dry  hay  in— 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

/Rows 

1915 

1922 

1915 

1.923 

1923 

19273 

1915 

1922 

1915 

1923 

3,550 

3,200 

3,200 

3,080 

1,250 

1,850 

1,900 

1,  225 

Crested  wheatgrass 

t        do 

f  Rows 

4,550 

3,000 

1,800 

1,510 

(2) 

do 

Slender  wheatgrass 

Close  drills 

do 

fRows 

*  4,980 

*  2,910 

*  2,490 

t  2,120 

<470 

4  1,240 

5  1,575 

6  i,  070 

do 

Bromegrass  ._  

1  Close  drills 

do 

4,900 

1,350 

1,450 

1,500 

440 

1,800 

5  1,600 

5  778 

Kind  of  grass 

Method  of 
seeding 

Year 
sown 

Acre  yield  (pounds)  of  air-dry  hay  in— 

Aver- 

1924 

1925 

1926 

1927 

192S 

1929 

1930 

age 

fRows--     _-. 

1915 

1922 

1915 

1923 

1923 

19273 

1915 

1922 

1915 

1923 

2,505 
3,770 

1,040 
1,770 

507 
695 

1,650 
2,003 

707 
1,532 

1,367 
1,815 

1,956 
2,003 

1, 932 

Crested  wheatgrass 

\-— do 

Rows 

1,941 

Slender  wheatgrass 

l....do 

[Close  drills 

..  do       

2,845 
3,105 

1,716 
1,276 

248 
0 

1,816 
1,953 

1,650 
«0 

1,933 

O 
1,045 

6  884 
707 
275 
275 

1,061 

'"556" 
5 1, 438 

1,626 
935 

1,073 

1,610 

1.267 

798 

fRows 

5 1,  583 
2,335 

5 1,  380 
2,090 

5  675 
958 

5  650 
743 

0 
200 
316 
138 

1,250 
1,461 
2,173 

1,788 

1,  532 
1,  532 
1,375 
1,238 

1,614 

Bromegrass 

l_.-do 

1  Close  drills 

.do       

1,  260 

1,  395 
1,(M9 

'  Yield  from  single  plot  unless  otherwise  noted. 

2  KOled  out  during  preceding  winter. 

3  Poor  stand  in  1928. 

4  Average  of  4  plots. 


s  .\verage  of  2  plots. 

6  Grass  practically  dead  on  this  plot. 

"  Grass  dead. 


Slender  wheatgrass  outjaelded  crested  wheatgrass  once  in  the  1915 
seedings  and  twice  in  the  later  seedings.  After  the  1915  seeding  was 
killed,  a  satisfactory  stand  of  slender  wheatgrass  was  not  again 
obtained  until  the  reseedmg  in  1923.  A  good  stand  of  crested 
wheatgrass  was  obtained  in  1922,  but  slender  wheatgrass  failed  to 
catch  and  was  reseeded  in  1923.  A  yield  of  1,820  pounds  per  acre 
of  crested  wheatgrass  was  obtained  in  1923  from  the  1922  seeding 
but  is  not  given  in  the  table,  as  no  hay  was  obtained  from  slender 
wheatgrass  that  year.  It  will  be  noted  that  during  the  period  1924- 
1930  the  newer  seeding  of  crested  wheatgrass  yielded  more  than 
the  older  seeding  by  an  average  of  about  550  pounds  per  acre  an- 
nually. These  results  indicate  that  the  highest  yields  are  often 
secured  the  first  or  second  year  after  seeding  and  that  with  favorable 
moisture  conditions  the  grass  will  continue  to  produce  good  crops 
of  hay  for  many  years.  The  seeding  of  crested  wheatgrass  made  in 
1915  gave  the  sixth  best  yield  in  1930,  the  fifteenth  year.  In  this 
locality  crested  wheatgrass  forms  seed  heads  during  the  early  part 
of  June  and  is  ready  to  cut  for  hay  during  the  latter  part  of  June 
or  early  July. 

105767°— 32 3 
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EXPERIMENTS    AT    DICKINSON,    N.    DAK. 

The  first  recorded  seeding  of  crested  wheatgrass  at  the  Dickinson 
substation  was  made  in  1909  with  seed  imported  in  1908,  but  no 
yields  are  available  from  this  seeding.  The  seed  for  the  plots  from 
which  hay  yields  were  first  obtained  was  furnished  by  the  Di\dsion 
of  Forage  Crops  and  Diseases,  United  States  Department  of  Agri- 
culture, and  was  sown  in  rows  and  close  drills  in  the  spring  of  1920. 
The  hay  yields  from  these  seedings  as  well  as  from  seedings  made  in 
rows  and  close  drills  in  1926  are  shown  in  Table  9. 


FuiURE  7. — Crested  wheat^ass  sown  in  1915  in  single  rows  at  the  L  nitert  States  Northern  Great 
Plains  Field  Station,  Mandan,  N.  Dak.  This  is  apparently  the  oldest  seeding  still  producing 
in  the  United  States  (1932).    Photographed  July  1,  1924 

Table  9. — Annual  and  average  acre  yields  of  air-dry  hay  of  crested  wheatgrass, 
slender  wheatgrass,  and  bromegrass  at  the  Dickinson  Substation,  Dickinson,  AL  Dak., 
1921-1930 


Kind  of  grass 


rrest«d  wheatgrass. 
Slender  wheatgrass. 

nronicgra.s.s... 

Crested  wheatgrass. 
Slender  wheatgrass. 
Bromegrass 


Method  of 
seeding 


/■Rows 

I  Close  drills 

fKows 

U'lose  drills 

fliows 

IClose  drills 

fUows 

(Close  drills 

f  Hows 

IClo.sc  drills 

fliows 

U'lose  drills 


Year 
sown 


1920 
192() 
1920 
1920 
1920 
1920 
192f) 
1920 
192f. 
192r. 
192(; 
1920 


Acre  yield  (pounds)  of  air-dry  hay  in- 


1921 


412 
fiOO 

07:5 
7.'')S 
704 
605 


1922 


1923 


l.O.™  1,.583 
2,355  1,51K 


1,  320 
3,  0<i9 

2.  240 
2.  270 


1,H(M> 
2.M19 
2. 40f  i 
2.  213 


1924 


2, 305 
2,  140 
1,394 
1,H13 


1925 


1, 797 
1,  S23 
1,009 
1,710 


2,943  2,  120 
2, 604  2,  304 


1926 


1,218 
804 
411 
437 
709 
370 


1927 


2,581 
2,208 
33 
241 
2,092 
1,177 
1,331 
2,  040 
2,713 
2,  315 
l.OSH 
2,020 


1928 


2.  182 
2,42 

1,  679 
2,022 

2,  480 
1,524 


1929 


2,97 
1,  8.30 
1,0 
980 

3,  84S 
890 


1930 


30() 
301 
342 
.580 
ZtO 
9()0 


Aver- 
age 


1, 659 
1,045 
1,045 
1,550 
1, 890 

1,  0.58 

2,  199 
1,903 
I,  0(« 
1,474 
2,312 
1,349 


Tn  both  seedings  in  lows  (Iio  yields  of  bromegrass  were  highest, 
though  followed  rather  closely  by  crested  wheatgrass,  while  slender 
wheatgrass  gave  the  lowest  yields.  In  the  closo-drilled  seedings  (he 
average  yield  of  crested  wheatgrass  was  slightly  less  than  that   of 
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bromegrass  in  the  1920  seeding  but  considerably  exceeded  that  of  both 
bromegi'ass  and  slender  wheatgrass  in  the  1926  seedings,  the  average 


yield  of  bromegrass  being  the  lowest. 


EXPERIMENTS  AT  HAVRE,  MONT. 

The  first  seeding  of  crested  wheatgrass  at  the  Northern  Alontana 
Branch  Station  of  the  State  Agricultural  Experiment  Station,  Havre 
Mont.,  made  in  1917  under  dry-land  conditions,  failed  because  of  an 
unfavorable  season.  Seedings  made  in  1918  and  1919  suffered  a 
similar  fate  owing  to  drought.  It  was  not  until  1920  that  attempts 
to  establish  this  grass  were  successful.  These  and  subsequent 
tests  were  planned  in  part  to  determine  the  productiveness  of  crested 
wheatgrass  as  compared  with  bromegi^ass  and  slender  wheatgrass 
when  sown  in  close  drills  and  in  36-inch  rows.  Table  10  gives  the 
annual  and  average  hay  yields  from  these  tests. 

Table  10. — Annual  and  average  acre  yields  of  air-dry  hay  of  crested  wheatgrass, 
slender  wheatgrass,  and  hroviegrass  at  the  Northern  Montana  Branch  Station, 
Havre,   Mont.,   1921-1930 


Method  of 
seeding 

Year 
sown 

Acre  yield  (pounds)  of  air-dry  hay  in— 

Aver- 

Kind of  grass 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

age 

Crested    wheat- 

erass- 

'Rows 

■  Close  drills.. 

/Rows 

\Close  drills.. 

fRows 

'.Close  drills.. 

'Rows 

'.Close  drills.. 

/Rows 

\Close  drills. - 

fRows 

'.Close  drills.. 

/Rows 

IClose  drills.. 

/Rows 

IClose  drills.. 

/Rows 

IClose  drills.. 

/Rows 

IClose  drills.. 

/Rows 

IClose  drills.. 

/Rows 

\Close  drills.. 

/Rows 

IClose  drOls.. 

/Rows 

\Close  drills.. 

/Rows 

IClose  drills.. 

/Rows 

\Close  drills.. 

/Rows 

IClose  drills.. 

/Rows 

IClose  drills.. 

/Rows 

IClose  drills.. 

/Rows 

\Close  drills. - 

1920 

1920 

1920 

1920 

1920 

1920 

19234 

1923 

1923 

1923 

1924 

1924 

1924 

1924 

1924 

1924 

1925 

1925 

1925 

1925 

1925 

1925 

1926 

1926 

1926 

1926 

1926 

1926 

1927 

1927 

1927 

1927 

1927 

1927 

1928 

1928 

1928 

1928 

1928 

1928 

2,400 
978 

4,380 
84(1 

1,  960 
559 

1,860 
1,323 

2,118 
1,197 
2, 152 

887 

(1) 
1,140 
2,990 
3,300 
2,  070 
1,060 

1,355 
835 
808 

1,224 
657 
920 
808 

1,763 
337 

1,190 

913 

996 

2  1,420 

1,260 

1, 222 

1,080 

1,920 

1,747 

1,813 

1,687 

690 

925 

1,045 

1,130 

795 

830 

497 

231 

260 

-'  148 

202 

0 

0 

0 

313 

0 

742 

0 

0 

0 

349 

0 

355 

565 

715 

480 

0 

0 

2,  995 
4,143 

2,489 
1,731 

2,352 
1,743 

1,341 
864 

1,800 
1,398 

Slender    wheat- 

Bromegrass 

Slender    wheat- 

p-rocc 

3  2,  369 
2,740 

1,871 
1,249 

1,802 
1,201 

456 
350 

1,476 
1,005 

909 

1,170 

821 

Bromegrass 

959 

3,854 
4,238 
4,747 
4,125 
3.895 
3.  786 
3,  437 
5,111 
5,575 
5,835 
3,348 
2,774 
1,694 
3,030 
1,081 
2,  756 
599 
1,677 

1,440 
940 
2,179 
1,4C0 
1,354 
1,311 
2,842 
1,649 
3,347 
1,411 
1,803 
779 
3.854 
1,882 
3,783 
2,  535 
2.641 
1,463 
1,857 
1.843 
3,879 
1,805 
2,877 
1,311 

1,682 

prass 

1,526 

1,993 

1,664 

1,598 

Bromegrass 

1,482 

2,357 
1,529 
1,923 

877 
1,462 
1,133 
2,935 
2,417 
2,438 
1,  828 
1,870 
1,454 
2, 676 
1,831 
2,804 
1,376 
2,632 

878 
1,312 
1,662 
2,657 
2,772 
1,622 
1,591 

'i,'496 
691 
284 
380 
456 
135 
1,476 
634 
528 
288 
447 
445 
1,373 
1,101 
920 
104 
192 
490 

2,248 

grass 

2,214 

Slender     wheat- 

2,890 

2,151 

1,  653 

Bromegrass 

1,172 

Orestod     wheat- 

2,  495 

2,018 

Slender     wheat- 

1,897 

srass 

1,875 

• 

1,392 

Bromegrass 

1.182 

Crested     wheat- 

2,003 

gras*^ 

1.436 

2.404 

grass 

1.156 

1,985 

Bromegrass 

878 

1,343 

grass 

1,382 

Slender     wheat- 

1,789 

grass 

1,438 

907 

Bromegrass 

1,041 

1 

'  No  data  available. 

2  Mostly  volunteer  crested  wheatgrass. 

3  Bromegrass  plots  for  this  and  subsequent  years  had  considerable  volunteer  crested  wheatgrass. 

«  Yields  from  seedings  made  in  1923  and  subsequent  years  for  the  most  part  represent  averages  from  4 
seeding  dates. 
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The  average  annual  yields  from  the  row  seedings  of  all  years  were 
appreciably  higher  than  from  the  close-drilled  plots,  doubtless  owing 
to  the  limited  seasonal  rainfall  normal  to  this  area.  Yields  of  crested 
wheatgrass  and  slender  wheatgrass,  regardless  of  the  method  of 
seeding,  averaged  more  than  those  of  bromegrass.  Crested  wheat- 
grass  produced  an  average  >aeld  only  slightly  less  than  that  of  slender 
wheatgrass  on  the  close-drilled  plots,  but  slender  wheatgrass  had  a 
greater  advantage  in  36-inch  rows.  In  dry  seasons  such  as  1926, 
1928,  and  1930  the  yield  of  crested  wheatgrass  was  generally  more 
than  that  of  slender  w^heatgrass,  but  in  seasons  when  the  rainfall 
was  normal  or  above  during  the  latter  part  of  May  and  June,  slender 
wheatgrass  gave  a  higher  yield  than  crested  wheatgrass. 


Figure  8. — Bromegrass  sown  in  rows  in  the  spring  of  1915  at  the  United  States  Northern  Great 
Plains  Field  Station,  Mandan,  N.  Dak.  The  rows  have  been  kept  separated  during  the  periorj 
from  191.5  to  1930,  inclusive,  by  plowing  the  area  between  and  by  other  means  of  cultivation. 
A  close-drilled  plot  of  bromegrass  is  shown  at  the  right.     Photographed  July  1,  1924 


EXPERIMENTS    AT    MOCCASIN,    MONT. 

The  first  seeding  of  crested  wheatgrass  on  record  at  the  Judith 
Basin  Branch  Station,  Moccasin,  Mont.,  was  made  in  1915,  but  no 
yield  data  arc  available  from  this  seeding.  In  1917  three  lots  of 
crested  wheatgrass  and  one  lot  each  of  slender  wheatgrass  and 
bromegrass  were  sown  in  close-drilled  plots.  Yields  were  obtained 
from  these  plots  each  year  from  1918  to  1926,  inclusive.  Other 
seedings  were  made  in  1921  and  each  subsecjucnt  year  to  1928,  with 
the  exception  of  1924.     The  results  are  shown  in  Table  11. 
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'aiu-k  \\.—-Aiiiiuiil  iiikI  (irrrdffc  acre  yiilih  of  dir-ilri/  liiiif  nf  rr<sl(</  irlicalf/rdss, 
sUiuler  irhedlffrass,  and  hn)nii.(fi(is}<,  at  lite  ,1  inlitli  lUisin  liraticli  Station,  Moccamu, 
Mont.,  19  IS- 1930 


Method  of  seeding 

Year 
sown 

Aire  yield  (imiinds)  of  air-dry  hay  in — 

Kiiul  of  Krass 

1918 

1919 

1920 

1921 

1022 

1923 

1924 

Crested  wheatgrass 

Slender  wheatgrass 

Broniegrass 

(Vested  wheaterass 

Close  drills 

do.. -     - 

do 

do..     . 

1917 
1917 
1917 
1921 
1921 
1922 
1923 
1923 
1925 
1925 
192(3 
1926 
1927 
1927 
1928 
1928 

2,  638 

2,  907 

1, 7(;8 

0 
0 
0 

2,886 

1,  144 

2,  178 

1,634 

1,851 
2,844 

1,394 
1,002 
1,764 
2,483 
1,980 

1,521 
1,808 
1,198 
2,328 
2,  180 
1,690 

1,111 
1,006 
1,285 
2,543 

Do 

Rows 

Close  drills 

do 

3,472 

Do 

2,707 

Do 

2,872 

do.-   . 

3,726 

.  do 

Bromeerfiss 

do 

Crestod  wheaterass 

do 

do 

("rested  whftaterass 

do 

JJronifterass 

do 

( 'rt^stpd  whpaterass 

do 

liroiiiPffrass 

do 

Kind  of  grass 

Aletliod  of  seeding 

Year 

sown 

Acre  yield  (pounds)  of  air-dry  hay  in— 

Aver'' 

1925 

1926 

1927 

1928 

1929 

1930 

ii^e 

Crested  wheatgrass 

Slender  wheaterass 

Close  drills 

do     . 

1017 
1917 
1917 
1921 
1921 
1922 
1923 
1923 
1925 
1925 
1926 
1926 
1927 
1927 
1928 
1928 

605 

995 

900 

1,336 

2,  156 
1,475 
1,252 
1,176 

527 

279 

209 

1,  146 

1,731 

1,239 

1,043 

673 

1,737 

1,007 

1,368 

1,221 

Bromegrass 

Crested  wheatgrass 

do 

do 

1,350 

3.  020 
3,  430 

3,  183 
2,788 
3,312 

4,  120 

5,  029 
3,  187 
3,880 

1,697 
2,  120 
1,  685 
I,  238 
966 
2,318 
2,329 
2,827 
3,072 
2,287 
2,294 

2,079 

Do... 

Rows.   

2,438 

Do 

(Mose  drills 

1,997 

Do 

Bromegrass 

Crested  wheatgrass 

Bromegrass.    .  . 

do 

do 

do 

do 



1,  839 
1,971 

1,684 
910 
1,617 
1,  194 
1,501 
1,375 
1,851 
1,706 

1,077 

408 
1,153 

362 
1,  059 

486 
1,409 

578 

2,187 
1,  937 

Crested  wheatgrass 

do .  .- 

2,196 

Bromegrass 

do 

2,  127 

Crested  wheaterass 

do 

1,616 

do 

1,385 

Crested  wheattrrass 

do 

1,630 

Hromeerrass 

do 

1, 142 

To  summarize  the  results,  the 


highest 


yield  of  all  seedings  was 
obtained  from  crested  wheatgrass  in  rows.  Bromegrass  in  close  drills 
generally  proved  more  productive  than  crested  wheatgrass  in  seasons 
with  higher  precipitation,  while  in  the  drier  years  the  ^yields  of  brome- 
grass were  generally  less  than  those  of  crested  wheatgrass.  The  aver- 
age yields  with  one  exception  were  in  favor  of  crested  wheatgrass, 
though  the  differences  are  not  significant.  Both  bromegrass  and 
crested  wheatgrass  gave  higher  yields  than  slender  wheatgrass  in  the 
one  comparable  seeding. 

EXPERIMENTS    AT    SHERIDAN,   WYO. 

The  first  seeding  of  crested  wheatgrass  at  the  United  States  Dry 
Land  Field  Station,  Sheridan,  Wyo.,  was  made  in  1923,  but  no  crop 
was  harvested  until  1925.     The  results  are  given  in  Table  12. 
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Table  12. — Avnual  and  areraqc  acre  yields  nf  air-dry  hay  of  crested  ivheaigrass, 
slender  wheatgrass,  and  brouiegrass  at  the  United  Slates  Dry  Land  Field  Station, 
Sheridan,  Wyo.,  1925-19S0 


Kind  of  grass 


Crested  wheatgrass. 
Bromegrass 


Crested  wheatgrass. 

Bromegrass 

Crested  wheatgrass. 


Bromegrass 

Crested  wheatgrass  . 
Slender  wheatgrass. 

Bromegrass 

Crested  wheatgrass. 
Slender  wheatgrass. 
Bromegrass. .  _ 


Method  of  seeding 


(■Rows 

1  Close  drills... 

/Rows 

IClose  drills... 

/Rows 

IClose-drills... 

/Rows 

\ Close  drills  K 

/Rows 

IClose  drills... 

fRows 

IClose  drills... 

...do 

...do . 

...do 

...do 

...do 

...do 


Acre 

yield  (pounds)  of  air-dry  hay 

in— 

Year 
sown 

1925 

1926 

1927 

1928 

1929 

1930 

1923 

980 

2,760 

2,720 

2,120 

2,600 

1,200 

1923 

1,520 

3,280 

2,  6S0 

2,000 

2,320 

640 

1923 

3,320 

2,  640 

2,  880 

1,  360 

1,200 

0 

1923 

2,700 

1,  520 

2,640 

800 

920 

0 

1924 

1,640 

1,  680 

2,  160 

(0 

2,400 

1,000 

1924 

1,680 

1,840 

1,  960 

(') 

1,600 

720 

1924 

760 

1,160 

1,920 

(') 

1,200 

560 

1924 

720 

950 

1,640 

(>) 

1,200 

360 

1926 

1,080 

2,600 

2,800 

1,400 

1926 

1,  560 

2,640 

3,080 

880 

1926 
1926 

1,200 
1,  760 

3,240 
2,360 

3,200 
1  880 

600 
120 

1927 

2,  240 

2,520 

1,040 

1927 
1927 

1,920 
2,000 

1,800 
2,  120 

0 
280 

1928 

3,000 

1,640 

1928 
1928 

1,400 
2,440 

1,160 
1,280 

Aver- 
age 


2,  0(>3 
2,  073 
1,!X)0 
1,  430 
1,  776 
1,  560 
1,  120 
974 

1,  970 
2,040 

2,  0(i0 
1,  530 
1,933 
1,240 
1,  467 
2,320 
1,280 
1,8()0 


'  Xo  data  available. 

2  Sown  with  nurse  prop  of  barley;  all  other  data  from  seedings  made  without  a  nurse  crop. 

Summarizing  the  results  of  all  seedings,  crested  wheatgrass  has  an 
advantage  over  bromegrass,  which  in  turn  has  given  better  results 
than  slender  wheatgrass;  and  while  there  is  little  difference  in  the 
average  yields  from  rows  and  close-drilled  seedings  of  crested  wheat- 
grass,  the  row  seedings  of  bromegrass  have  proved  to  be  appreciabl}?^ 
more  productive  than  close  drills. 

EXPERIMENTS    AT    ARCHER,    WYO. 

The  first  seedings  of  crested  wheatgrass,  slender  wheatgrass,  and 
bromegrass  at  the  Cheyenne  Experiment  Farm,  Archer,  Wyo.,  were 
made  in  1917.  The  yields  obtained  from  this  seeding  as  well  as  from 
others  made  in  1920  and  1924  are  given  in  Table  13.  With  a  few 
exceptions  the  yields  of  all  these  grasses  have  been  low,  owing  to  a 
limited  supply  of  moisture.  Crested  wheatgrass  gave  the  highest  aver- 
age yields  in  the  1917  and  1920  seedings,  but  in  the  1924  seedings 
slender  wheatgrass  liad  a  slight  advantage.  Bromegrass,  which  was 
included  in  the  1920  and  1924  seedings,  has  proved  less  productive 
than  either  of  the  other 


grasses. 


Table  13. — Average  and  annual  acre  yields  of  air-dry  hay  of  crested  irheatgrass, 
sknder  wheatgrass,  and  bromegrass  at  the  Cheyenne  Experiment  Farm,  Archer, 
Wyo.,  1918-1930 


Kind  of  grass 

.Method  of  seeding 

Year 
sown 

Acre  yield  (pounds)  of  air-dry  hay  in— 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

Crested  wheatgrass 

Close  drills 

do 

do 

do 

do 

do 

do 

do 

1917 
1917 
1920 
1920 
1920 
1924 
1924 
1924 

4,700 
3,  5(K) 

1,  540 

620 

1,500 
2,000 

Slender  wluiatgnuss 

("rested  wlieatgrass 

Slender  wheatgrass 

Bromegraas 

f'rested  wheatgrass 

1,000 
1,650 
1,3.50 

1,110 
230 
500 

1,  140 

1,0,50 

630 

1,000 
200 
350 

Slender  wheatgrass 

Bromegra.'w    
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Table  13. — Average  and  mmuol  aere  yields  of  air-dry  hay  of  created  whcalgrass, 
slender  ivhealqrana,  and  broviegraas  at  the  Chcijcnne  Experimctit  B'urvi,  Archer, 
Wyo.,  1918-1980 -Continued 


Kind  of  grass 

Method  of  seeding 

Year 
sown 

Acre  yield  (pounds)  of  air-dry  hay  in — 

1925 

1926 

1927 

1928 

1929 

1930 

Aver- 
age 

C  rested  wheatgrass 

Close  drills.. 

do 

..do 

1917 
1917 
1920 
1920 
1920 
1924 
1924 
1924 

2,589 

2,040 

825 

Slender  wheatgrass 

Crested  wheatgrass 

100 

100 

50 

fiOO 
920 
300 
990 
2,300 
150 

Slender  wheatgrass 

do 

do 

692 

Bromegrass 

530 

Crested  wheatgrass. 

do 

1,120 
560 
670 

1,080 
1,700 
2,500 

850 
690 
500 

850 

0 

600 

978 

Slender  wheatgrass 

.    do- 

1  050 

Bromegrass... ... 

do. 

884 

EXPERIMENTS    AT    REDPIELD,    S.    DAK. 

Only  one  comparable  seeding  of  these  grasses  has  been  made  in  the 
United  States  forage-crop  field  experiments  at  Redfield,  S.  Dak. 
Under  the  more  favorable  moisture  conditions  bromegrass  has  given 
a  slightly  higher  average  yield  than  crested  wheatgrass,  as  shown  in 
Table  14.  Slender  wheatgrass  produced  a  fair  crop  of  hay  the  year 
of  seeding,  but  the  yield  has  not  been  included  in  the  table.  It  was 
more  productive  than  either  of  the  other  grasses  for  the  two  following 
years,  but  had  died  out  completely  by  the  fourth  year,  while  stands  of 
the  other  grasses  remained  in  good  condition.  As  a  result,  the  average 
yield  of  slender  wheatgrass  was  low  compared  with  those  of  crested 
wheatgrass  and  bromegrass. 

Table  14. — Average  and  annual  acre  yields  of  air-dry  hay  of  crested  wheatgrass, 
slender  wheatgrass,  arid  bromegrass  in  the  United  States  forage-crop  field  experi- 
ments, Redfield,  S.  Dak.,  1923-1 92S 


Kind  of  grass 


Crested  wheatgrass. 
Slender  wheatgrass. 
Bromegrass.. 


Method  of  seeding 


Close  drills. 

do 

do 


Year 
sown 

Acre  yield  (pounds)  of  air-dry  hay 

in— 

1923 

1924 

1925 

1926 

1927 

1928 

1922 
1922 
1922 

2,147 
2,702 
1,721 

3,299 
4,501 
3,680 

2,204 
2,385 
3,132 

308 
192 
192 

3,653 

0 

3,424 

1,  226 

0 

1,525 

Aver- 
age 


2,140 
1,630 
2,279 


EXPERIMENTS    AT    ARDMORE,    S.    DAK. 

The  results  of  a  test  at  the  United  States  Dry  Land  Field  Station, 
Ardmore,  S,  Dak.,  comparing  crested  wheatgrass  and  bromegrass 
sown  in  close  drills,  are  given  in  Table  15.  High  production  of  both 
grasses  in  1917,  1918,  and  1927  was  due  to  favorable  moisture  condi- 
tions during  those  seasons.  In  most  other  years  the  yields  were 
comparatively  low.  The  average  yield  of  crested  wheatgrass  for  the 
years  1917  to  1922  w^as  nearly  double  that  of  bromegrass.  In  the 
192G  seedings  crested  wheatgrass  again  gave  a  higher  average  yield 
than  bromegrass. 
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T.MU.K  J/).  —  Aiinudl  mill  <irir<i(i<  iirri'  ijithls  nf  nir-ilri/  hni/  of  rrcslcil  irlir<il(fniss  ami 
bronicgrnfts  at  the  L'tiitcil  Slittcs  Dri/  Land  Firltl  Slalitin.,  Anhnorr,  S.  Dak.,  t!JI  ^- 
1922  and  1927-1980 


Kiml  of  grass 

Method  of 
seeding 

Year 
sown 

Acre  yield  (pound.s)  of  air-dry  hay  in — 

Aver- 

1917 

1918 

1919 

1920 

1921 

1922 

1927 

1928 

192'f 

i9:io 

age 

('rested  wheatgrass.. 

(?lose  drills 

do 

do 

1916 
1916 
1926 
1926 

5,400 
3,400 

4,800 
2,300 

1,100 
240 

250 
160 

1,400 
800 

1,500 
800 

2,408 

Bromegrass 

1,283 

("rested  wheatgrass. . 

2,227 
2,267 

1.533 
1,100 

733 
833 

1.  135 
550 

1  407 

Bromegrass 

do 

1   188 

EXPERIMENTS   WITH  CRESTED   WHEATGRASS  COMPARED   WITH   ALFALFA  AT  VARIOUS 

STATIONS 

Thnt  crested  wheatgrass  vdW  not  produce  as  much  hay  as  alfalfa 
where  soil  and  moisture  conditions  are  at  all  favorable  is  shown  b}^  a 
series  of  experiments  at  various  stations,  the  results  of  which  are  sum- 
marized in  Table  16.  With  one  exception,  the  average  yields  of  al- 
falfa in  experiments  at  the  different  stations  are  greater  than  those  of 
crested  wheatgrass,  and  the  more  favorable  the  moisture  conditions 
the  greater  is  the  difference  in  favor  of  alfalfa.  This  fact  is  demon- 
strated in  the  test  in  the  United  States  forage-crop  field  experiments  at 
Redfield,  S.  Dak.,  where  the  average  yield  of  alfalfa  over  a  period  of 
six  years  was  more  than  twice  that  of  crested  wheatgrass.  Oc- 
casionally, owing  to  rather  unusual  seasonal  conditions,  the  annual 
yield  of  crested  wheatgrass  is  greater  than  that  of  alfalfa. 

Tablk  IG. — Cnmjtnrative  acre  yields  of  air-dry  hay  of  crested  loheatgrass  and  alfalfa 
ill  drilled  plots  at  several  experiment  stations 


.station  and  crop 

Acre  yield  (pounds)  of  air-dry  hay  in— 

Aver- 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

19.30 

age 

Mandan,  N.  Dak.: 
Crestf'd  wheatgrass ' 

1,922 

5,885 

2,  146 
1.960 

835 
1,  2,53 

1,550 
3,878 

1,823 
2,  197 

1.  120 
1,290 

730 
2,516 

804 
506 

231 
280 

2  036 

3,215 
3,  988 

2,208 
3,443 

4,143 

4,287 

4,629 
5,049 

2,680 
4,680 

1,  120 
670 

3,  653 
7,892 

2,883 

3  0 

2,427 
2,529 

1, 619 
2,  165 

2,  251 
4,  180 

2,000 
2, 6(X) 

1.080 
1,  3,''>0 

l,22(i 
4,  .509 

2,000 
2,310 

1,836 
3,  ,339 

1,834 
1.940 

1,845 
3,  245 

2,320 
4,880 

8.50 
1 ,  360 

1,9.33 

1,788 

1,301 
1,137 

864 
118 

1,049 
2, 320 

(MO 
1,000 

8.50 
2,  .5(K) 

2.  033 
2, 909 

1,714 

2.  no 

1.409 

1.  .576 

2.  362 
3  408 

Orimm  alfalfa  ' 

Dickinson,  N'.  Dak.: 
Crestfd  wheatgra.ss 

660 
470 

978 
945 

2,355 
2,000 

1,32:1 
1,2<K) 

1.681 
3,  520 

1,140 
2.  195 

Orimin  alfalfa 

Havre,  Mont.: 
Crestefi  wheatgrass 

Orimm  alfalfa 

Moccasin,  .VIont.: 
Crested  wheatgrass. 

Orimin  alfalfa 

2,244 

3,280 
1,320 

990 

Sheridan,  Wyo.: 
Crested  wh(!atgrass 

1,000 
3,  7,50 

1.520 
3,040 

1.920 
3,  039 

97s 

Orimm  alfalfa 

Archer,  Wyo.: 
Cnvsteil  wheatgrass 

.5.400 
1,800 





--   -- 

Orlinin  alfalfa 

.S90 
:i08 

1.300 

1      (r,.} 

Uedfleld,  .S.  I)iii<.: 
Crest(  d  wheatgrass 

2,  147 

3,  40.5 

3.  2!I9 
7,  653 

2,204 
4,  691 

2.  140 

Orimm  alfalfa. . . 
Ardinore,  S.  Dak.: 
('rested  whealgras.s. 

4.800 
5,  570 

1,100 
1.170 

250 
.550 

1.400 
1,600 

1.500 
2,000 

4,  908 
2,408 

Orimm  alfalfa 

Crested  wheatgrH.ss. 

2.' 227 
4,  567 

'i,"5.i3 
1.  150 

"733 

1,  Km 

1   135 

2,  1 15 
1   Jn7 

Orimm  alfalfa 

350    1  siiT 

'  .Average  yield  of  3  plots  in  a  6-year  rotation. 

'  Vii  Id  of  a  single  plot  in  a  variety  trial. 

'  No  yield  because  of  .severe  winter  injury.    Inehnled  in  overage. 
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Not  only  is  crested  wheatgrass  unable  to  compete  with  alfalfa  in 
amount  of  hay  or  pasturage  where  conditions  are  favorable,  but  the 
feeding  value  of  the  alfalfa  is  also  greater.  There  is  considerable 
danger  of  bloating,  however,  when  cattle  and  sheep  are  pastured  on 
alfalfa,  but  this  trouble  is  avoided  in  pasturing  crested  wheatgrass. 

Although  crested  wheatgrass  as  a  hay  crop  is  generally  less  pro- 
ductive than  alfalfa,  it  has  some  advantages  as  a  pasture  crop. 
It  furnishes  earlier  spring  and  later  fall  pasturage  than  most  other 
crops  and  may  be  grazed  by  both  cattle  and  sheej)  without  danger  of 
occasioning  bloating,  as  pasturing  on  alfalfa  sometimes  does.  It  is 
easier  to  make  a  good  quality  of  hay  of  crested  wheatgrass  than  of 
alfalfa.  Under  certain  conditions  it  is  easier  to  obtain  a  stand  of 
crested  wheatgrass  than  of  alfalfa.  On  abandoned  plowed  areas  the 
grass  maintains  a  stand  in  competition  with  weeds  better  than  either 
of  the  other  crops.  Furthermore,  a  grass  fits  into  certain  rotations 
better  than  alfalfa,  and  crested  wheatgrass  may  be  utilized  in  such 
cases. 

EXPERIMENTS    WITH    CRESTED    WHEATGRASS    IX    MIXTURES    WITH    ALFALFA 

In  some  cases  crested  wheatgrass  in  mixtures  M'ith  alfalfa  has  given 
a  slightly  larger  tonnage  of  hay  than  either  crop  grown  alone  under 
similar  conditions.  This  is  particularly  true  in  seasons  of  favorable 
moisture,  when  alfalfa  is  likely  to  constitute  the  bulk  of  the  crop. 
In  dry  seasons  crested  wheatgrass  tends  to  hold  the  alfalfa  in  check, 
and  the  yield  of  the  combination  may  or  may  not  equal  that  of  alfalfa 
grown  alone.  Where  conditions  favor  a  second  cutting,  this  consists 
almost  entirely  of  alfalfa.  The  rate  of  seeding  suggested  for  the 
mixture  is  3  to  4  pounds  of  crested- wheatgrass  seed  per  acre  and  a 
little  less  than  the  usual  quantity  of  alfalfa  seed  when  sown  alone. 

The  results  obtained  from  a  combination  of  crested  wheatgrass  and 
alfalfa  at  the  field  station  at  Mandan,  N.  Dak.,  are  shown  in  Table  17. 
Field  A  is  not  so  favorably  located  as  field  B,  which  is  on  lower 
land  along  a  small  coulee  where  moistiu'e  conditions  are  more 
suitable  for  hay  production.  Field  C,  constituting  the  most  favorable 
portion  of  field  B,  gave  the  highest  yields  of  hay.  The  first  cutting  of 
the  mixture  usually  yields  more  than  alfalfa  alone,  and  luixed  seeding 
would  seem  to  be  advisable  where  only  one  cutting  of  alfalfa  is 
normally  obtained.  The  second  cutting  contains  very  little .  crested 
wheatgrass. 

Table  17. — Acre  yields  of  air-dry  hay  of  crested  wheatgrass  and  alfalfa,  grown  as  a 
mixture  in  close-drilled  plots,  in  different  locations  at  the  United  States  Northern 
Cheat  Plains  Field  Station,  Mandan,  N.  Dak.,  1921-1930 


Year 

Acre  yield  (pounds)  of 
air-dry  hay  in— 

Year 

AcTo  yield  (pounds)  of 
air-dry  hay  in — 

Field 
A  1 

Field 

B   2 

Field 

C3 

Field 
A  1 

Field 

B2 

Field 
C  5 

1921 

3,140 
4,122 
4,841 
5,  698 
4,651 
2,  113 

'"4,"  860 
().  920 
4,  348 

1927 

2,291 
2,  lU 
1,793 
1,  345 

5, 060 
4,  652 
3,170 
2,942 

5,960 

1922 

1928 

8,500 

1923 

1929 

4,680 

1924. 

3,518 

2. 359 

405 

1930 

5,000 

1925 

A  \'erufie 

1926^        r 

1,  975 

4,039 

5,753 

•  Field  of  2.8  aeres  located  on  higher  ground  with  less  favorable  moisture  conditions. 

-  Field  of  4.5  acres  located  along  coulee  with  favorable  moisture  conditions. 

3  Portion  (0.25  acre)  of  field  B  especially  favorably  located  as  regards  moisture  condilious. 
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A  jiiixtiire  of  crested  wheatgrass  and  Grimm  alfalfa  was  sown  at 
the  Dickinson  substation  in  the  spring  of  1927  on  land  where  Grimm 
alfalfa  had  winterkilled  following  the  drought  of  1926.  In  this 
mixed  seeding,  crested  wheatgrass  was  not  conspicuous  until  the  dry- 
spring  of  1930,  the  third  year  after  seeding,  when  it  started  growth 
earlier  than  the  alfalfa  and  made  up  most  of  the  hay,  except  in  low 
places,  w^here  the  alfalfa  was  more  vigorous.  After  the  crop  was 
harvested,  about  Jime  20,  the  alfalfa  made  a  more  rapid  recovery 
and  with  sufficient  moisture  would  have  made  a  good  crop.  After 
the  September  rains  the  crested  wheatgrass  made  considerably  more 
growth  than  the  alfalfa. 

RELATION  OF  AGE  OF  STAND  TO  PRODUCTIVITY 

During  the  progress  of  the  experiments  with  crested  wheatgrass, 
slender  wheatgrass,  and  bromegrass  it  was  apparent  that  the  pro- 
ductivity varied  with  the  age  of  the  stand  and  that  some  of  the  grasses 


Fiiif  KK  9.— A  double  row  of  crested  wlientKrass  iilong  tlie  main  road  at  Ihe  riiiied  Stales  Northern 
Great  Plains  Fiel<l  Station,  Mandan,  N.  Dak.,  showinn  early  si)rint;  growth  of  fully  8  inches. 
A  drilled  i)lotof  bromefjrass  is  shown  at  the  ri(;ht.     I'liotoRraphcd  May  15,  1024 

continued  to  produce  satisfactorily  for  more  years  than  others.  This 
relationship  is  brought  out  to  a  certain  extent  in  Table  18,  whicli 
has  been  compiled  by  averaging  yields  obtaintni  from  stands  1,  2,  '.\, 
and  4  years  old,  respectively.  These  data  indicate  that  the  yields 
the  first  year  after  seeding  are  likely  to  be  moderate,  owing  to  the 
fact  that  the  grasses  have  not  become  thoroughly  establislied.  Witli 
favorabl(>.  moisture  conditions  the  maximum  yields  of  all  these  glasses 
may  be  ex|)ec(ed  during  the  secoiul  and  third  years.  After  the  third 
year  yields  tend  to  decline,  though  crested  wheatgrass  has  a  longer 
product ivc  life  (liiiii  iuomegrass  or  slender  whcatgiiiss.  l^roniegiass 
tends  to  become  so<l  boimd  in  a  few  yeais,  thus  reducing  yields,  but 
stands  of  slender  w  h(>!itgi'ass  seldom  remain  in  a  satisfactory  condi- 
tion more  than  tliree  or  four  years.     To  a  large  extent  yields  are  de- 
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termined  by  the  seasonal  moisture  conditions,  and  the  production 
fluctuates  with  the  moisture  supply  regardless  of  the  age  of  the  plots 
so  long  as  the  stand  remains  satisfactory.  It  appears,  however, 
that  the  older  stands  require  more  moisture  than  new  stands,  prob- 
ably owing  to  the  fact  that  there  has  been  considerable  thickening 
of  the  stands  and  that  there  may  be  a  shortage  of  subsoil  moisture. 

Table  18. — Average  acre  yields  of  air-dry  hay  of  crested  wheatgrass,  slender  wheat- 
grass,  and  hromegrass  one  to  four  years  ajter  seeding  at  places  named 


Station  and  grass 


Mandan.  N.  Dak.; 

Crested  wheatgrass  (south  field)  . 
Crested  wheatgrass  (main  field). 
Moccasin,  Mont.: 

Crested  wheatgrass 

Do 

Slender  wheatgrass 

Broinegrass 

Havre,  Mont.: 

Crested  wheatgrass 

Do 

Slender  wheatgrass  _ . .  - ,     

Do 

Bromegrass 

Do ..-- 

Sheridan,  Wyo.: 

Crested  wheatgrass 

Do 

Bromegrass 

Do 


Method  of  seeding 


Close  drills- 
do 


do 

Rows 

Close  drills. 
do 


Acre  yield  (pounds)  of  air-dry 
hay  in— 


Rows 

Close  drills. 

Rows 

Close  drills. 

Rows 

Close  drills. 

Rows .. 

Close  drills- 

Rows- 

Close  drills. 


First 

Second 

Third 

Fourth 

year 

year 

year 

year 

2,586 
2  2, 090 

2,  475 
973 

2,463 
1,238 

1  l,60r) 

1871 

2,  599 
1,980 
2,907 
2,538 

2,733 
3,472 
1,144 
3,059 

1,659 
2,156 
1,851 
1,399 

1,542 
3  1,731 
3  1,  002 

1,528 

1,285 
1,336 
1,768 
1,302 
1,118 
1,208 

2,473 
1,661 
2,  753 
2, 392 
2,123 
1,708 

2,408 
2,659 
2,  956 
2,666 
2.410 
1,770 

1,662 
1,  206 

1,200 
970 
982 
875 

1,200 
2,347 

2,  560 
1,760 

1,587 
2,587 
2, 540 
1,440 

1,760 

2,347 

2.  667 

980 

1,727 

1,610 

2,  053 

460 

I  These  plots  were  cut  early  in  June  and  plowed  before  normal  harvesting  date. 
-  Contained  some  \ohmteer  sweetclover. 
3  Yields  from  one  seeding. 

FOR    PASTURE 

The  nature  of  crested  wheatgrass  makes  it  a  most  valuable  addi- 
tion to  the  few  grasses  available  for  cultivated  pastures  in  the  nort  liern 
Great  Plains.  Through  its  ability  to  start  growth  early  in  the  spring 
(fig.  9)  and  to  grow  late  in  the  fall,  it  fills  a  pasture  need  that  is  not 
met  by  other  plants  that  are  available  for  cultivated  pastures  in  this 
area.  In  normal  seasons  the  grass  becomes  practically  dormant  dur- 
ing hot,  dry  summer  periods,  growth  being  renewed  again  in  the  fall 
provided  moisture  conditions  are  favorable.  As  a  result  of  the 
ability  of  the  grass  to  grow  at  low  temperatures,  it  furnishes  pastur- 
age earlier  in  the  spring  and  later  in  the  fall  than  other  cultivated 
grasses.  As  crested  wheatgrass  tends  to  become  niore  or  less  dormant 
during  hot  weather,  it  should  be  used  in  combination  with  some  other 
cultivated  or  native  pasture  that  supplies  grazing  during  the  summer 
months;  by  so  doing  the  grazing  period  can  be  prolonged  several  days. 
In  the  locality  of  Mandan,  N.  Dak.,  crested  wheatgrass  is  ready  to 
graze  the  latter  part  of  April,  and  it  should  be  grazed  rather  heavily 
during  May  and  the  first  part  of  June.  The  stock  should  then  be 
transferred  to  a  sweetclover  or  native  pasture.  If  the  season  is 
favorable  the  crested  wheatgrass  may  again  be  grazed  in  the  fall. 

In  tests  conducted  at  the  field  station  at  Ardmore,  S.  Dak.  (/), 
crested-wheatgrass  pasture  was  compared  with  bromegrass  pasture, 
native   pasture,    and   sweetclover   pasture.     This   test   showed   that 
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crested  wheatgrass  pastured  by  dairy  cows  for  four  years,  1922  to 
1925,  averaged  $7.70  per  acre  per  year  in  value,  bromegrass  averaged 
$6.75  per  acre,  sweetclover  $6.63  per  acre,  and  native  pasture  $4.43 
per  acre.  These  pastures  were  continued  through  1930  without 
reseeding  the  bromegrass  or  the  crested  wheatgrass,  but  it  was 
necessary  to  reseed  the  sweetclover  several  times. 

Crested  wheatgrass  for  pasture  has  been  tried  at  the  field  station  at 
Mandan,  N.  Dak.,  in  only  a  small  way.  Observations  were  made  on  a 
field  of  4  acres  included  in  the  cow  pasture.  The  grass  is  the  first  to 
start  in  the  spring,  and  early  grazing  is  mostly  on  this  grass.  Observa- 
tions for  10  years  at  this  station  show  that  crested  wheatgrass  starts 
growth  about  April  1  and  bromegrass  about  April  7.  In  some  years 
the  difference  amounts  to  only  4  or  5  days,  and  in  other  years  to  10 
days  to  2  weeks.  Slender  wheatgrass  starts  at  approximately  the  same 
time  as  bromegrass.  These  grasses  are  usually  in  condition  for  pastur- 
ing about  tliree  weeks  after  the  growth  starts. 

In  discussing  seed  mixtures  for  irrigated  pastures  in  Colorado, 
Hanson  (7,  p.  4o)  says: 

Crested  wheatgrass  is  a  long-lived  perennial  bunch  grass  that  has  just  recently 
been  placed  on  the  market.  The  merits  of  this  grass  are  its  great  drought  resist- 
ance, winter  hardiness,  early  growth,  nutritiovisness,  and  palatability.  It  begins 
growth  and  develops  herbage  for  grazing  earlier,  it  appears,  than  any  ottier  tamo 
species,  and  even  earlier  than  most  native  species.  It  is  adapted  particular!}- 
for  pastures  on  which  httle  or  no  irrigation  water  is  available. 

EXPERIMENT    AT    MOCCA.SIN,  MONT. 

Tn  1926  a  pasture  experiment  (11)  with  dairy  cows  was  begun  at  the 
Judith  Basin  Branch  Station,  Moccasin,  Mont.,  comparing  bromegrass, 
crested  wheatgrass,  and  sweetclover.  The  four  years'  results  show 
bromegrass  to  have  a  slight  advantage  over  both  crested  wheatgrass 
and  sweetclover  with  respect  to  length  of  pasture  season  and  carrying 
capacity.  It  required  1.50  acres  of  bromegrass  for  one  animal  for  68 
days  as  compared  with  1.58  acres  for  67  days  for  crested  wheatgrass 
and  1 .52  acres  for  65  days  for  sweetclover.  Placing  this  on  the  basis 
of  a  6-m()nth  grazing  period,  4.0  acres  of  bromegrass,  4.3  acres  of 
crested  wheatgrass,  or  4.3  acres  of  sweetclover  would  be  n^quired  to 
carry  an  animal.  These  averages  are  considerably  less  than  the  acre- 
age of  native  grass  required  to  carry  an  animal  a  similar  period. 
Although  bromegrass  and  crested  wheatgrass  have  given  ])ractie!illy 
i'{[ual  returns  from  pasturing,  the  latter  as  a  rule  is  ready  for  grazing 
about  10  days  earlier  in  the  spring,  and  the  fall  growth  is  more  {ibuii- 
dant.  Bromegrass  has  shown  a  tendency  to  stand  uj)  better  during  the 
summer  or  drier  scnison  of  the  year. 

CLIPPINCJ    EXPEUIMENTS    AT    UICKINSON,   N.   DAK. 

Tu  1928  a  eli])ping  test  was  mtxAo  a(  the  Dickinson  Substation  to 
determine  the  relative  amountsof  growth  of  crested  w  heatgrass,])roine- 
grass,  slender  wheatgrass,  and  native  growtli  consisting  of  approxi- 
mately 90  per  cent  of  blue  grama  (Boutdoua  (jracilis  Lag.),  5  per  cent 
of  westeiTi  wheatgrass  (Aaropj/ron  sniifhii),  and  5  per  cent  of  other 
gnisses  and  weeds,  wiien  chjjped  fr(>(niently  to  a[)j)roximate  yields 
under  grazing  conditions.    Tiic  results  are  shown  in  Table  19. 
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Table  19. — Acliial  and  rclalive  air-dri/  yieldK  of  crested  wliratgrass,  .slerxler  ir/iinf- 
grass,  bromegrass,  and  native  grasses  grown  in  close-drilled  plots  and  cut  at  15-daji 
intervals  from  April  10  to  July  25,  1928,  at  the  Dickinson  Substation,  Dickinson, 
N.  Dak. 


"Date 


Apr.  10 
Apr.  25 
May  10 
Mav  25 
June  10 
June  25. 
Jnlv  10. 
Julv25. 
Aug.  10 


Actual  jirogressive  yield 


Cre.ste(i 
wheat- 
grass 


Grams 
98 
163 
340 

478 
1  478 
540 
672 
745 
745 


Slender 
wheat- 
grass 


Grii  ms 
16 
38 
102 
182 
218 
269 
389 
461 


Brome- 
grass 


Grams 

(') 
48 
157 
311 
1  311 
425 
541 
637 


Native 
grasses 


Gravis 


48 


243 


5,57 
579 


Kelative  progressive  yield 
(crested  wheatgra.ss=100j 


Slender 
wheat- 
grass 


Per  cent 
16 
23 
30 
38 
46 
50 
58 
62 


Brome- 
grass 


Per  cent 


29 
46 
65 
65 
79 
81 


Native 
grasses 


Per  cent 


14 
"45 


77 


'  Growth  was  not  sulTicient  to  cut;  total  if  given  is  the  same  as  on  the  previous  dale. 

These  data  show  that  crested  wheatgrass  started  growth  earher  than 
the  other  grasses  and -that  it  was  more  productive  during  the  period 
covered  by  these  chppings. 

FOR  IMPROVEMENT  OF   RANGE   AND   RESEEDING   ABANDONED   PLOWED   AREAS 

Crested  wheatgrass  has  been  used  in  a  number  of  places  with  good 
results  in  reseeding  depleted  range  and  abandoned  plowed  areas  where 
a  grass  cover  is  desired  instead  of  the  weeds  that  usually  come  in 
on  such  lands.  The  United  States  Forest  Service  {4)  has  used  crested 
wheatgrass  with  good  results  in  reseeding  range  land  at  certain  eleva- 
tions in  northern  areas.  In  Canada  the  Dominion  Range  Experiment 
Station,  Manyberries,  Alberta,  reported  {10)  that  among  several  species 
of  grasses  and  clovers  used  for  reseeding  abandoned  plowed  farm  land 
crested  wheatgrass  appeared  most  promising.  In  eastern  Oregon 
crested  wheatgrass  is  reported^  to  be  giving  better  results  than 
other  grasses  used  for  reseeding  depleted  range  lands.  In  Colorado 
crested  wheatgrass  gave  good  results  in  mixtures  for  early  spring  and 
fall  pasture  {6)  on  range  land  at  high  elevations  and  was  successful 
when  used  for  reseeding  abandoned  plowed  areas  {5).  At  Sandpoint, 
Idaho,  when  used  for  seeding  burned-over  timberland,  it  was  not 
considered  promising  under  conditions  where  timothy,  orchard  grass, 
bromegrass,  and  meadow  fescue  do  well.^ 

FOR    LAWNS 

Crested  wheatgrass  can  be  used  on  the  lawn  where  water  is  not  avail- 
able to  maintain  the  more  desirable  lawn  grasses.  When  used  for  this 
purpose  the  rate  of  seeding  should  be  increased  to  20  to  30  pounds  per 
acre  if  sown  with  a  grain  drill  or  40  to  50  pounds  when  sown  broadcast. 
It  withstands  drought  for  longer  periods  than  the  common  la\^^l 
grasses.  Its  deep-green  color  in  the  spring  before  other  grasses  start 
is  very  pleasing,  but  it  has  the  undesirable  characteristic  of  becoming 
brown  during  prolonged  hot  periods.  In  the  fall  when  the  weather 
becomes  cool  growth  is  resumed. 


'  Unpubli.'shed  correspondence. 
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SEED    PRODIKTION 

Crested  whcjilgiass  has  luiich  better  seed  habiis  than  the  other 
poreTinial  <j:rassos,  such  as  sIond(M-  wlieatfrrass  and  hroiiu^iirass,  coin- 
inoiiiy  cultivated  in  the  northern  Great  Plains,  it  should  be  c\it  for 
seed  when  about  one-half  the  heads  have  turned  brown  or  soon 
after  the  earliest  heads  begin  to  shatter,  which  is  usually  between 
July  15  and  August  1.  The  seed  shatters  so  readily  that  much  of  it 
may  be  lost  in  harvesting  if  allowed  to  become  too  mature,  especially 
if  strong  winds  occur  at  this  time.  It  may  be  harvested  with  a  grain 
binder,  and  to  avoid  shattering  in  dry  weather  it  is  best  to  cut  only 
during  the  forenoon  while  the  grass  contains  considerable  moisture. 

The  seed  is  easily  threshed  with  an  ordinary  grain  separator,  though 
it  is  necessary  to  reduce  the  current  of  air  from  the  fan  or  blower  to 
avoid  the  loss  of  good  seed.     As  the  seed  comes  from  the  thresher  it 


Figure  10. — Double  row  of  crested  wheatgrass  along  a  road  at  the  United  States  Northern 
Great  Plains  Field  Station,  Mandan,  N.  Dak.,  just  before  harvesting  for  seed.  Sown  in  the 
spring  of  1921 ,  the  row  yielded  at  the  average  rate  of  15  pounds  of  clean  seed  per  8  rods  of  row 
in  1924,  the  year  in  which  it  was  photographed 

m 

usuall}^  contains  many  broken  stems,  and  it  should  be  run  through  a 
fanning  mill  to  remove  these.  If  the  rear  of  the  machine  is  set  5  to  G 
inches  lower  than  the  front,  ordinarily  the  separator  handles  the  straw 
more  successfully  and  the  seed  passes  back  to  the  delivery  spout  more 
freely. 

At  the  various  experiment  stations  where  crested  wheatgrass  has 
been  harvested  for  seed  the  yields  have  ranged  from  a  total  failure  ui 
dry  seasons  to  GOO  to  800  pounds  per  acre  in  favorable  seasons.  The 
best  yi(>lds  are  usually  obtaiTied  following  a  wet  s])ring.  A  good  aver- 
age yield  would  ])r()l)ably  i)e  about  250  to  300  pounds  per  acre. 
Double  rows  have  yielded  better  than  single  row^s,  which  in  tuni  have 
generally  produced  better  croi)s  than  close-drilled  plots.  Crested 
wheatgrass  generally  has  produced  more  seed  per  acre  than  th(^  other 
grasses. 

As  is  shown  in  Table  20,  yields  of  crested-wheatgrass  seed  at  the 
northern  Montana  branch  station,  Havre,  Mont.,  have  varied  from 
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noMiiiiii'  to  630  jxjutxIs  i)(M-  Hcrc.  The  cojnpnrativo  nata  arc  liniilccl, 
l)u(-  it  appears  that  (his  grass  may  bo  PNpertefl  to  produce  more  se(^(l 
per  acre  than  hromegrass  or  slender  wheatgrass.  Rows  ha\'e  generally 
yielded  more  than  close-drilled  scedings. 

Table  20. — Annual  and  average  acre  yields  of  seed  of  crested  luheatgrass,  slender 
V)heatgrass,  and  hromegrass  at  stated  places 


station  and  grass 

Method  of 
seeding 

Acre  yield  (pounds)  in- 

- 

Aver- 

1921 

1922 

1923 

1924 

1925 

191 
165 

1926 

1927 

1928 

1929 

1930 

age 

Havre,  Mont.: 

(■Rows 

630 

350 

(0 

105 
163 

38 

17 

450 

(') 

143 
138 
263 
228 
335 
248 

31 
.54 
31 
14 
59 
0 

360 
210 
130 

80 
200 

80 

175 

163 

78 

95 

300 

31 

0 
0 
0 
0 
0 
0 

128 

124 

47 

95 

209 

33 

252 

Crested  wheatgrass . . 

Iciose  drills 

116 

/Rows  

131 

Slender  wheatgrass... 

Iciose  drills 

103 

/Rows 

-  __ 

178 

Bromegrass 

\ Close  drills 

109 

Mandan,  N.  Dak.:  ■ 

[Double  rows  ^ 

420 
110 
67 
123 
342 

(«) 

432 
302 
141 
104 
134 
90 

100 

376 
475 
172 
170 
314 
210 

211 

198 

228 

do 

796 
360 
392 

333 

do« 

134 

Crested  wheatgrass . . 

Single  rows ' 

116 

132 

do3     . 

J90 

Close  drill.s  5     .. 

118 

Dickinson,  N.  Dak.: 

fRows  

151 

348 

252 

590 

275 

do 

do 

182 

254 

256 
286 

223 

286 

Crested  wheatgrass. 

Close  drills 

do 

do 

233 

459 

217 

433 

100 

133 

235 

263 

135 

238 

69 
304 

169 
304 

fRows 

125  :  308 

49 

240 

0 

0 
323 

120 

do 

249 

211 

0 

177 

196 

Slender  wheatgrass.  .. 

-...  do 

177 

Close  drills 

do 

160 

661 

17,3 

590 

0 

0 
683 

264 

414 

126 

0 
59 

306 

do 

50 

fRows 

143 

314 

163 

440 

0 

171 
126 

205 

Bromegrass 

do 

do 

182 

218 

142 
210 

167 
210 

Close  drills 

do     .-      . 

180 

265 

174 

408 

0 

125 
173 

192 

87 

148 

0 

255 

102 

do 

' 

255 

1  No  data  available. 

''  The  first  seed  crop  at  Mandan  was  harvested  in  1917  from  the  1915  seeding  and  yielded  at  the  rate  of 
340  pounds  per  acre. 
3  Favorable  locations. 

*  Good  crop  of  seed  harvested  but  identity  lost. 
'  Generallv  unfavorable  locations. 
«  Seed  not  threshed  in  1925. 

Crested-wheatgrass  seed  has  been  produced  at  the  field  station  at 
Mandan,  N.  Dak.,  for  a  number  of  years,  with  variations  in  yield  due 
to  the  fact  that  some  of  the  plots  are  more  favorably  located  than 
others.  In  favorable  seasons  a  yield  of  300  to  500  pounds  of  seed  per 
acre  is  not  unusual.  A  good  crop  seems  to  depend  largely  on  abundant 
spring  rains.  A  double  row  of  crested  wheatgrass  sown  along  the 
roadway  and  very  favorably  located  as  regards  moisture,  since  there 
was  a  4-foot  cultivated  area  on  one  side  and  a  30-foot  roadw^ay  on 
the  other,  yielded  at  the  average  rate  of  15  pounds  of  clean  seed  per 
8  rods  of  row  in  1924.  If  it  is  assumed  that  this  row  utilized  a  strip 
of  land  approximately  7  feet  wide,  the  yield  was  at  the  rate  of  750 
pounds  per  acre.  (Fig.  10.)  During  the  period  from  1918  to  1930, 
inclusive,  this  station  distributed  nearly  2,700  pounds  of  seed.  Of 
this  quantity,  1,200  pounds  went  directly  to  farmers,  500  pounds  to 
farmers  through  county  extension  agents,  500  pounds  to  experiment 
stations  in  the  United  States  and  Canada,  and  500  pounds  to  the 
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Division  of  Forngo  Crops  and  Diseases,  United  States  Department 
of  Agrirnltnre,  for  distribnlion. 

Yields  of  creste(l-^\  heatgrass  seed  at  the  Diekinson  Substation, 
Dickinson,  N.  Dak.,  ranged  from  a  total  failure  in  an  old  stand  in  a 
dr}^  year  to  a  maximum  of  590  pounds  per  acre  in  1924.  The  average 
yield  in  rows  was  about  250  pounds  per  acre.  The  best  yields  of  both 
hay  and  seed  were  produced  following  a  wet  spring.  For  instance, 
in  1927,  when  the  May  rainfall  amounted  to  5.67  inches,  a  close- 
drilled  plot  yielded  559  pounds  of  clean  seed  and  2^^  tons  of  hay  per 
acre.  The  following  year,  when  the  May  rainfall  was  1 .22  inches, 
the  same  field  yielded  only  50  pounds  of  seed  per  acre. 

As  shown  in  Table  20,  crested  wheatgrass  in  row^s  gave  somewhat 
higher  average  yields  of  seed  than  slender  wheatgrass  or  bromegrass. 
In  close  drills  crested  wheatgrass  gave  higher  average  yields  of  seed 
than  bromegrass  but  generally  somewhat  less  than  slender  wheat- 
grass.  The  low  yield  of  slender  wheatgrass  in  the  1929  seeding  was 
due  to  dry  weather  at  a  critical  time. 

During  the  period  1922  to  1930,  more  than  10,000  pounds  of  crested 
wheatgrass  seed  was  distributed  by  the  Dickinson  substation.  This 
was  sent  into  1 3  States  and  into  4  Provinces  of  Canada. 

VIABILITY    OF    SEED 

The  seed  of  crested  wheatgrass  retains  its  viability  remarkably  well. 
In  1926,  18  selections  of  this  grass  were  made  at  the  field  station  at 
Mandan,  N.  Dak.  In  the  spring  of  1930  seed  of  each  of  the  lots 
was  planted  in  pots  in  the  greenhouse,  and  the  germination  was  high. 
In  the  fall  of  1930  numerous  lots  of  crested-wheatgrass  seed  were 
obtained  from  various  sources  by  Love  *  for  the  purpose  of  making 
germination  tests.  The  lots  of  seed  varied  in  age  from  1 1  years  (seed 
produced  in  1919)  to  less  than  1  year  (grown  in  1930). 

Among  the  lots  of  seed  tested  were  14  from  28  original  selections 
made  at  Mandan  in  1920.  The  germination  of  the  lO-j^ear-old  seed 
of  two  of  these  selections  was  20  and  30  per  cent,  respectively,  while 
the  others  varied  from  0  to  8  per  cent.  Seeds  of  the  same  14  selections, 
produced  in  1923,  showed  a  germination  ranging  from  10  to  62  per 
cent.  The  same  two  selections  previously  highest  in  germination 
were  again  high,  with  percentages  of  50  and  62.  Seed  produced  in 
1926  was  available  from  all  of  the  28  selections.  The  tests  showed 
that  9  of  these  germiiuited  90  to'  95  per  cent,  16  selections  80  to  89 
per  cent,  2  select.ions  74  and  79  per  cent,  and  the  lowest  germinated 
62  per  cent. 

These  tests  show  that  crested  wheatgrass  seed  retains  its  viability 
for  several  years  and  that  certain  strains  retain  their  viability  better 
than  others.  Any  grass  that  will  retain  its  viability  for  four  or  five 
years  should  meet  the  requirements  for  cojumercial  and  farm  use. 

DISEASES 

One  of  the  outstanding  characteristics  of  crested  wheatgrass  seems 
to  be  its  freedom  from  disease.  In  the  United  States  stem  rust  has 
been  reported  as  occurring  on  the  grass,  and  notes  on  some  of  the 
selections  obtained   from   Ilussia  indicate  that  in  that  country  the 
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grass  is  sometimes  attacked  by  the  stem  rust.  The  disease  has  not 
been  observed  on  this  grass  at  Mandan  or  Dickinson,  N.  Dak., 
although  it  has  sometimes  affected  slender  wheatgrass  rather  seriously. 
The  grass  also  seems  to  be  remarkably  free  from  ergot,  but  occasion- 
ally a  light  infection  occurs.  Most  of  the  ergot  is  removed  from  the 
seed  in  cleaning,  and  if  the  crop  is  to  be  used  for  hay  it  should  be  cut 
before  the  ergot  has  had  time  to  develop.  In  the  case  of  slender 
wheatgrass  and  western  wheatgrass,  ergot  is  sometimes  serious. 
Occasionally  it  is  so  abundant  that  when  the  hay  is  fed  to  cattle  they 
are  seriously  affected. 

WEED    CONTROL 

After  crested  wheatgrass  is  once  established  it  usually  dominates 
most  weeds.  Among  the  weeds  that  it  has  been  found  to  control  to 
a  large  extent  are  wild  oats,  wild  rose,  and  French  weed  or  fanweed. 
In  the  drier  locations  it  tends  to  decline  in  vigor  after  six  to  eight 
years,  and  some  of  the  more  persistent  weeds  may  invade  the  field. 

SUMMARY 

Crested  wheatgrass  (Agropyron  cristatum),  a  native  of  the  cold, 
dry  plains  of  Russia  and  Siberia,  was  introduced  into  the  United 
States  through  the  effort  of  the  United  States  Department  of  Agri- 
culture in  1898.  As  far  as  known,  however,  none  of  the  grass  now 
growing  in  tliis  country  traces  back  any  farther  than  to  an  importa- 
tion made  in  1906  under  S.  P.  I.  No.  19536. 

Crested  wheatgrass  is  a  perennial  bunch  grass  closely  related  to 
slender  wheatgrass  (Agropyron  tenerum)  and  western  wheatgrass 
(A.  smithii). 

It  is  characterized  by  its  long  productive  life,  its  ability  to  grow 
at  lower  temperatures  than  other  grasses  adapted  to  the  same  general 
condition,  and  its  tendency  to  become  dormant  during  hot  dry  periods. 
As  a  result  of  its  ability  to  grow  at  low  temperatures,  it  starts  growth 
earlier  in  the  spring  and  continues  to  grow  later  in  the  fall  than  other 
grasses. 

There  is  a  wide  variation  in  the  individual  plants  from  commercial 
lots  of  seed  as  regards  lealiness,  hairiness,  fineness,  t^^pe  of  head,  and 
length  of  awns. 

A  fair  standard  for  the  seed  is  a  bushel  w^eight  of  22  pounds,  purity 
of  88  to  90  per  cent,  and  germination  90  per  cent. 

Crested  wheatgrass  seems  especially  well  adapted  to  the  northern 
Great  Plains,  where  the  temperatures  are  severe  and  the  moisture 
supply  limited.     It  does  well  on  productive  soils  of  almost  any  texture. 

A  firm,  fine  seed  bed  well  supplied  wdth  moisture  is  essential  to  a 
satisfactory  stand  of  the  grass. 

The  most  favorable  time  for  seeding  varies  with  the  season  and  local 
conditions,  but  the  usual  practice  is  to  sow  about  the  time  of  sowing 
spring  wheat. 

Crested  wheatgrass  may  be  sown  in  close  drills  or  in  rows  far 
enough  apart  to  permit  cultivation.  Where  the  crop  is  to  be  utilized 
for  hay  or  pasture  the  close  drills  are  preferable  except  where  the 
moisture  supply  is  very  limited.  The  seed  may  be  sown  with  an 
ordinary  grain  drill,  care  being  taken  to  avoid  covering  too  deeply. 
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In  general  more  satisfactory  stands  and  somewhat  higher  subse- 
quent yields  are  obtained  from  seedings  made  without  a  nurse  crop 
than  with  one. 

Close-drilled  seedings  should  be  made  at  the  rate  of  10  to  12  pounds 
per  acre.  Seeding  rates  of  2  to  3  pounds  per  acre  are  ample  for  single 
rows  and  4  to  5  pounds  for  double  rows  42  inches  apart. 

Ordinarily  a  close-drilled  field  of  crested  wheatgrass  does  not 
require  any  attention  the  year  it  is  sown.  Row  seedings  rec{uire 
cultivation  to  keep  down  the  weeds. 

The  average  of  several  analyses  of  crested  wheatgrass  made  at 
various  stages  of  growth  show  a  somewhat  higher  protein  content  than 
that  of  bromegrass  or  slender  wheatgrass.  Crested  wheatgrass  grown 
in  rows  contains  more  protein  than  that  grown  in  close  drills. 

So  far  as  palatability  and  quality  are  concerned,  crested  wheatgrass 
compares  most  favorably  with  other  grasses  utilized  for  the  produc- 
tion of  hay  in  the  northern  Great  Plains. 

In  comparative  tests  extending  over  a  period  of  about  15  years 
crested  w^heatgrass  has  generally  yielded  somewhat  better  than 
bromegrass  or  slender  wheatgrass.  Both  bromegrass  and  slender 
wheatgrass  frequently  yield  more  the  first  two  or  three  years,  after 
which  the  slender  wheatgrass  tends  to  die  out  and  the  bromegrass 
becomes  sod  bound,  while  the  crested  w^heatgrass  continues  to  produce 
satisfactorily,  provided  moisture  conditions  are  favorable. 

Owing  to  the  ability  of  crested  wheatgrass  to  grow  at  lower  tem- 
peratures than  other  cultivated  grasses,  it  furnishes  pasturage  earlier 
in  the  spring  and  later  in  the  fall.  In  carrying  capacity  it  is  at  least 
equal  to  other  grasses  generally  grown  in  the  northern  Great  Plains. 
As  it  tends  to  become  more  or  less  dormant  during  the  hot  dry  w  eather, 
it  should  be  used  in  combination  mth  some  other  cultivated  or  native 
pasture  w^hich  suppUes  grazing  during  the  summer  months,  thereby 
prolonging  the  grazing  period. 

Crested  W'heatgrass  has  excellent  seed  habits.  It  should  be  har- 
vested for  seed  when  about  one-half  the  heads  have  turned  brown. 
Yields  of  seed  have  varied  all  the  way  from  nothing  in  dry  years  to 
more  than  700  pounds  per  acre  in  favorable  seasons.  A  good  average 
yield  is  250  pounds  per  acre. 

Crested  w^heatgrass  does  not  yield  so  much  hay  as  alfalfa  where 
juoisture  conditions  are  favorable  to  the  latter,  but  it  frequently 
yields  more  wiiere  the  moisture  supply  is  limited.  In  some  cases  it 
can  be  sown,  in  mixture  with  alfalfa  to  advantage,  the  yield  of  the 
mixture  frequently  exceeding  that  of  either  crop  grown  alone. 
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INTRODUCTION 

The  corn  leaf  aphid  {Aphis  maidis  Fitch)  has  been  obsei*ved  by 
many  entomological  workers  on  numerous  different  cultivated  plants 
in  various  sections  of  the  United  States  over  a  period  of  nearly  75 
years.  Many  articles  have  been  published  regarding  this  insect,  but, 
with  the  exception  of  Forbes,  who  shows  the  difference  between  the 
corn  leaf  aphid  and  the  corn  root  aphid  {Aphis)  Anuraphis  vmidi- 
radicis  Forbes  (ii,  12^  13) ,"  no  one  has  attempted  to  give  a  complete 
detailed  account  of  the  biology  of  the  species. 

This  l)ulletin  describes  a  study  begim  in  1910  by  the  senior  writer 
at  El  Centro,  Calif.  During  that  year  many  field  observations  were 
made  on  Aphis  mwdis  as  a  serious  pest  of  barley.  Fields  of  barley 
were  discovered  to  be  intensely  infested  with  this  aphid,  and  serious 
injury  was  noted.  Subsequent  studies  revealed  the  fact  that  it  was 
the  most  serious  insect  pest  of  barley  in  the  southwestern  part  of  the 
United  States.  In  the  following  year  at  Tempe,  Ariz.,  life-history 
studies  of  this  species  were  begun  and  have  been  continued  with  the 
assistance  of  other  members  of  the  Tempe  laboratory  and  the  junior 

1  The  authors  wish  to  express  their  appreciation  of  the  many  courtesies  shown  them  by 
Joe  S.  Wade,  of  the  Bureau  of  Entomology,  and  of  his  valuable  assistance  with  the 
literature  of  this  siJecies.  They  are  especially  grateful  for  access  to  his  bibliography  of 
the  species. 

2  Italic  numbei's  in  parentheses  refer  to  Literature  Cited,  p.  20. 
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author  to  the  present  date.  Other  workers  in  the  Bureau  of  Ento- 
mology also  have  made  many  observations  and  studies  of  the  species 
at  other  points  in  the  United  States.  The  work  of  R.  A.  Vickery 
at  Brownsville,  Tex.,  has  been  particularly  helpful. 

Our  knowledge  of  the  life  history  of  this  insect  is  incomplete  in 
several  respects.  Even  after  a  continuous  study  of  this  species 
covering  a.  period  of  20  years,  an  oviparous  female  has  never  been 
obtained  or  observed.  Nor  has  the  development  of  every  instar  of 
the  male  been  carefully  noted.  Males  were  obtained  by  rearing  only 
in  rare  cases  and  never  in  the  field. 

HISTORY  OF  THE  CORN  LEAF  APHID  IN  THE  UNITED  STATES 

Although  this  insect  was  probably  well  known  previous  to  1856, 
the  first  recorded  observation  seems  to  be  that  of  Fitch  {10^  f.  318) , 
who  states : 

In  August,  the  person  who  is  selecting  soft  corn  for  boiling  will  sometimes 
come  to  au  ear,  the  stem  of  which  is  entirely  covered  with  vermin.  *  *  * 
They  occur  upon  no  other  part  of  the  stalk  except  the  peduncle  or  stem  which 
bears  the  ears. 

He  recognized  this  as  a  new  species  plainly  differing  "  from  one 
which  infests  the  maize  in  Europe,  the  Aphis  zeae^  of  Bonafous," 
and  proposed  to  call  it  the  maize  aphid  {Aphis  tnaidis). 

About  the  end  of  May,  1861,  the  attention  of  Walsh  was  called 
to  an  aphid  attacking  the  roots  of  corn  near  Kock  Island,  111.  He 
compared  specimens  of  this  with  the  aphid  described  by  Fitch  and 
states  {21,  p.  1^2) : 

As  his  description  agrees  tolerably  well  with  that  of  the  species  which  I 
found  attjicking  the  roots  of  corn  in  .June,  and  as,  in  particular,  he  describes 
the  antennae  as  being  not  quite  half  as  long  as  the  body,  I  suspect  that  they 
are  the  same  insect,  and  that  its  normal  habitat  is  the  roots  of  the  corn  plant, 
but  that  later  in  the  season  when  these  dry  up  it  betakes  itself,  to  avoid 
starvation,  to  the  stem  of  the  ear. 

Thomas  {18)  apparently  accepted  this  determination  and  reports 
it  as  being  found  on  the  tassels,  ear  stalks,  and  roots  of  Indian  corn. 

S.  A.  Forbes  and  his  assistants  began  observations  on  this  insect 
in  1882.  For  a  time  they  also  apparently  accepted  the  theory  that 
the  two  forms  represented  the  same  species,  but  later  they  began  to 
have  some  doubt.  In  1891  Forbes  {11)  definitely  determined  the 
two  forms  as  distinct  species  and  proposed  the  name  Aphis  maidi- 
radlcis  for  the  root  form.  Three  years  later  {12)  he  again  called 
attention  to  this  difference  and  the  inability  of  his  assistants,  H. 
Garman,  C.  M.  Weed,  and  John  Martin,  to  breed  one  form  from  the 
other.  He  also  pointed  out  a  difference  in  preference  of  host  plants 
and  gave  the  characters  which  differentiate  the  two  species. 

DISTRIBUTION 

Aphis  mmdis  is  found  throughout  the  greater  part  of  the  world 
between  the  latitudes  of  40°  N.  and  40°  S.  (Fig.  1.)  In  North 
America  its  uortheni  limit  is  somewhat  farther  nortli  and  coincides 
fairly  well  with  tlie  latitude  of  the  northern  bordei-  of  the  United 
States.  Records  in  the  files  of  the  Bureau  of  Entomology  indicate 
that  it  occurs  in  every  State  in  iha  Union  with  the  possible  excep- 
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tion  of  Montana,  Idaho,  Wyoming,  Utah,  and  Nevada.  It  may  occur 
even  in  these  States,  but  no  records  of  such  distribution  have  been 
found.     (Fig.  2.) 

The  species  is  apparently  of  little  importance  in  Canada.  Glen- 
denning  does  not  include  it  in  his  List  of  the  Aphididae  of  British 
Columbia  and  the  supplement  thereto.  The  only  records  found  in 
literature  of  its  occurrence  elsewhere  in  Canada  were  from  Nova 
Scotia,  Ontario,  and  Quebec.  Spittal  {17)  states  that  moderate  in- 
festations were  found  at  Weymouth,  Digby  County;  Wilmot,  An- 
napolis County;  and  Berwick,  Kings  County,  Nova  Scotia.  Caesar 
and  Ross  {o,  p.  £4)  record  its  presence  in  Ontario  in  the  following 
words : 

Dark  green  aphids  were  very  numerous  in  most  corn  fields  during  August 
and  September.  They  fed  on  the  new  growth  in  August,  and  in  September 
were  cliiefly  in  the  sheltered  areas  between  tlie  stem  and  the  enveloping  leaves. 


Figure  2. — Distribution  of  Aphis  muidis  in  ttie   United   States 

G.  H.  Hammond,  of  the  Dominion  entomological  laboratory  at 
Hemmingford,  Quebec,  in  a  letter  to  the  junior  author  states  that 
he  found  the  species  connnon  in  a  single  field  of  corn  at  Hemming- 
ford, Quebec,  on  September  14,  1929.  A  single  specimen  was  found 
in  tlic  collection  ot  the  United  States  National  Museum  labeled 
Montreal. 

The  records  from  Mexico  arc  likewise  very  meager.  A  single 
reference  was  found  in  the  records  of  the  United  States  insect  pest 
survey  and  one  in  literature  (i6'),  each  recording  its  presence  in 
Mexico  but  giving  no  locality.  The  authors  have  observed  the  in- 
sect as  a  serious  ])est  in  the  United  States  near  the  Mexican  border 
from  Brownsville,  Tex.,  to  San  Diego,  Calif.  A.  L.  Herrera, 
formerly  in  charge  of  the  direction  of  biological  studies  in  IMexico, 
in  a  letter  to  the  authors  says,  ''Aphh  maid'/s  is  a  i)est  iit  Mexico,  in 
the  r'f)rn  and  other  plants,"  and  Alfonso  Dauipf,  of  (he  Federal  office 
for  the  defense  of  agiiculture  of  Mexico,  writes  that  he  has  seen  the 
species  on  sugarcane. 
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In  Europe  corn  is  frequently  attacked  by  Aphis  zeae  Bon.,  which 
closely  resembles  A.  maidis  Fitch,  but  which  is  considered  a  quite  dis- 
tinct species.  Del  Guercio  (9)  mentions  A.  maidis  as  new  to  Italy, 
but  states  that  he  considers  the  Italian  form  a  variety  of  A.  maidis 
of  America  and  points  out  that  some  differences  are  observed.  No 
other  writer  has  reported  its  occurrence  in  Europe.  Since  this  aphid 
has  been  shown  to  be  the  only  known  agent  in  the  dissemination  of 
sugarcane  mosaic  (6'),  it  seems  possible  that  it  may  be  present  in 
southern  Spain,  where  this  disease  was  recently  found.  This  species 
was  found  in  Java  and  described  under  the  name  Aphis  adusta 
Zehntner,  which  appears  to  be  the  only  synonym. 


Figure  3. — Plants  heavily  infested  with  corn  leaf  aphids  :  A,  Coru  ;  B,  barley ;  C, 

parasitized  aphids  on  sorghum 

FOOD  PLANTS 


The  recorded  food  plants  of  the  corn  leaf  aphid  include  a  great 
number  of  the  common  wild  and  cultivated  grasslike  plants  and  also 
a  few  common  weeds.  In  the  United  States  barley,  grain  sorghums, 
and  corn  are  possibly  the  favored  food  plants,  wath  preference  shown 
in  the  order  named.  (Fig.  3.)  In  the  sugarcane-growing  regions 
this  insect  has  attracted  considerable  attention  in  late  years,  as  it  has 
been  shown  to  transmit  a  serious  disease  of  sugarcane  known  as 
mosaic.     Apparently  Aphis  maidis  does  not  normally  feed  on  the 
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cane  to  an}^  great  extent,  but  does  this  only  incidentally  or  wlien 
forced  to  do  so  by  the  destruction  of  its  normal  food  in  the  culti- 
vation of  the  fields.  Several  investigators,  working  in  foreign  coun- 
tries, have  had  difficulty  in  keeping  this  insect  alive  on  sugarcane. 
Brandes,  however,  reports  its  occasional  presence  on  the  sugarcane 
in  large  numbers  (i).  It  is  questionable  whether  this  aphid  breeds 
normally  on  any  host  other  than  species  of  the  botanical  group 
Gramineae.  Most  records  of  occurrence  on  hosts  belonging  in  other 
groups  may  be  due  either  to  mistaken  identity  or  to  the  casual  rest- 
ing of  migrant  forms,  although  Davis  (8)  records  it  as  feeding 
normally  in  his  cages  on  Polygonum  'pennsylvanicum  L. 

The  accomj)anying  list  of  host  plants  (Table  1)  has  been  com- 
piled from  observations  by  the  authors  and  from  notes  made  by 
several  other  members  of  the  Bureau  of  Entomology,  together  with 
a  few  records,  chiefly  foreign,  from  the  literature.  Many  of  the 
foreign  hosts  listed  also  occur  in  the  United  States,  but  they  did  not 
come  under  the  observation  of  the  authors. 

Table  1. — Boiit  plants  of  the  com  leaf  aphid 


Scientific  name  of  plant 


Ambrosia  trifida  L 

Arundo  donax  L 

Avena  sativa  L 

Axonopus  scoparius  (Flijgge)  Kuhlm. 

Cenchrus  eehinatus  L 

Cynodon  dactylon  (L.)  Pers 

Cyperus  escuUntiLS  L 

iJnctylocteninm  aegyptium  (L.)  Richt- 
Uigitaria  chinensin  (Nees)  A.  Camus.. 

Uigitaria  debilis  (Desf.)  Willd 

Digitaria  horizontalis  Willd 

Digitaria  pruriens  (Trin.)  Buese 

Digitaria  mnguinalis  (L.)  Scop 

Echinochloa  colonum  (L.)  Link 

Echinochloa  crimgalli  (T..)  Beauv 

Elusive  irtdica  (h.)  Oaortn. 


Common  name  of 
plant 


Eragrosiis  pilosa  (L.)  Hrauv 

Eriochloa  poly.stachyn  H.  B.  K._ 

Eriochloa  punctata  (Lj  Desv 

Hordeum  murinum  L 

Jlordeum  vulgare  L 

Lepiochloa  virgnta  (I>J  Bcauv 

Miscanthus  sinensis  Anderss 

Muhlenbergia  mexicana  (L.)  Trin 

Oxalis  sp 

Panicum  hnrbinnde  Trin. - 

Panicurn  aipillare  L 

Panicum  dichoiomijlorum  Michx. 

Panicum  hemilnmon  Schult 

J'anicum  mitiaceum  L. 

Panicum  sp. (]>TnUnb]y  Paspalumdlstichum L.) 

Pasjxilum  hoscianiim  KliigKe- 

Paspalu in  cnnjiiynl ii  rn  Bert? 

Paspalum  fimbrintiim  \l.  B.  K 

Paspaliim  rirgatum  L 

Pennisrtnm  glaiicum  (L.)  K.  Br 

Phragmites  communis  Trin 

Plantago  major  L 

Poa  pratensis  I> 

Polygonum  pennsylvanicum  L . 

RoltlmcttiaeiaUatn  I,.  V 

Poltbnrllia  glnmtutnsa  Trin 

Rumez  altissimus  Wood     

Sacchnrum  iinrrnqa  f\ee.s)  Hack 

Sarcharum  oCftrinanim  !> . 

ficirpus  maritimiis  \, 

Sernlr  cerenle  I, 

Velaria  aurca  Ilochst .... 

Srlnrin  itatica  (],.)  hvnuv 

Setaria  hitiscens  (WciKcl)  lluhb 

Setaria  viridis  (L.)  lU'auv 


Great  ragweed 

Carrizo,  giant  reed- 
Oat 

Gramalote 

Sand  bur 

Bermuda  grass 

Chufa 

Crowfoot  grass 


Crabgrass 

Jungle  rice 

Barnyard  grass. 
Goose  grass 


Malojillo. 


Barley. . 
Eulalia. 


Para  grass. -- 
Witch  grass. 


Maiden  cane 

Broomcorn  millet. 

Ditch  grass 

Bull  grass..- 


Pearl  millet 

Reed 

Plantain 

Kentucky  bluegrass. 

T>ady's-thumb 

Rice  grass 


Pale  dock 

Wild  sugarcane 
Sugarcane    _   . . 

Bulnish 

Rye 

Rnttail  grass 

Millet 

Yellow  foxtail-  - 
Orccn  foxtail 


Locality 


United  States. 

Peru 

United  States- 

Peru 

Cuba 

do 

United  States. 

Cuba 

Unknown 

do 

Porto  Rico 

Unknown 

United  States. 

Cuba 

do 


United  States- 

Chosen 

Cuba 

United  States. 

do ---. 

do 

Cuba- 

do. 


United  States- 

do 

Cuba - 

United  States- 
do 


do 

do 

do 

do - 

Porto  Rico 

Cuba -- 

do 

-.-.do. 

United  States. 

do.. 

do 

do 


Jamaica 

Sumatra 

United  States. 

Cuba 

United  States. 

Ilawaii    

United  States. 

Australia 

United  States. 

do 

do 


Relative  abun- 
dance 


Unknown. 

Common. 

Rare. 

Common. 

Rare. 

Occasional. 

Rare. 

Occasional. 

Rare. 

Do. 
Common. 
Rare. 
Common. 
Preferred  host. 
Occasional. 

Do. 
Unknown. 
Common. 
Rare. 

Do. 
Preferred  host. 
Occasional. 
Rare. 

Occasional. 
Unknown. 
Rare. 

Unknown. 
Rare. 
Common. 
Unknown. 
Occasional. 

Do. 
Rare. 

Do. 

Do. 
Occasional. 

Do. 
Unknown. 
Occasional. 
Unknown. 
Common. 
Occasional. 
Unknown. 
Occasional. 
Rare. 

Unknown. 
Rare. 
Common. 

Do. 
Occasional. 

Do. 
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Table  1. — Host  plants  of  the  corn  leaf  aphid — Continued 


Scientific  name  of  plant 


Selanum  rostratum  Diinal 

Sorghum  dOTa  Griseb 

Sorghum  halepense  (L.)  Pers.. 
Sorghum  vulgar e  Pers.  (form). 


Sorghum  vulgare  Pers 

Sorghum  vulgare  var.  caffrorum  (Beauv.) 

Sorghum  vulgare  effusum  (Uack.) 

Sorghum  vulgare  var.  exigmnn  (Forsk.) 

Sorghum  vulgare  var.  saccharatum  (L.)  BoerL. 
Sorghum  vulgare  var.  sudanense  (Piper)  Hitche 

Sorghum  vulgare  var.  technicum  (Koern.) 

Sporobolus  virginicu^  (L.)  Kunth.. 

Triticum  aestivum  L 

Tripsacum  laxum  Nash 

Typha  latifolia  L 

Zea  mays  L 


Common  name  of 
plant 


Buffalo  bur 

Sorghum 

Johnson  grass 

Wonder  forage  grass 

CO. 

Sorghum 

Kafir 


Tunis  grass  (?) . 
Sorgo 

Sudan  grass 

Broom  corn  (?). 


Wheat 

Guatemala  grass. 

Cattail 

Corn 


Locality 


United  States. 

do 

do 

Cuba 


United  States, 
.---do 

Peru 

Cuba 

United  States. 

do -... 

do -. 

Porto  Rico 

United  States. 

Hawaii 

United  States. 
do. 


Relative  abun- 
dance 


Rare. 

Unknown. 

Occasional. 

Do. 

Preferred  host. 

Do. 
Unknown. 
Occasional. 
Unknown. 
Occasional. 
Preferred  host. 
Rare. 

Do. 
Common. 
Unknown. 
Preferred  host. 


FIELD  HISTORY 

During  the  summers  in  the  South  and  Southwest  the  corn  leaf 
aphid  is  held  in  check  both  by  the  extreme  heat  and  by  its  natural 
enemies.  When  cool  weather  appears,  it  reproduces  rapidly  on  the 
late  corn  and  sorghums  until  these  either  mature  or  are  killed  by 
frosts,  and  then  migrates  to  the  barley  and  to  other  small  grains 
when  the  barley  either  matures  or  is  killed  by  frosts.  During  the 
winter  months  the  aphids  multiply  rapidly  and  do  their  greatest 
damage  in  this  section  to  the  fall  and  winter  sown  barley,  sometimes 
weakening  it  to  such  an  extent  that  very  little  grain  is  produced.  In 
the  cooler  sections  of  the  United  States  this  aphid  is  found  chiefly 
on  late  corn,  broomcorn,  and  sorghums,  rarely  doing  serious  injury 
because  of  its  late  appearance. 

TYPE  AND  EXTENT  OF  INJURY 


It  is  difficult  to  estimate  the  amount  of  damage  that  may  be  done 
by  this  insect.  It  commonly  attacks  the  corn  in  the  North  so  late 
that  little  injury  is  possible  except  on  the  late  corn.  Here  the  heavily 
infested  leaves  turn  yellow  or  red  following  the  feeding  and  may 
shrivel  and  die,  particularly  if  the  weather  is  dry.  According  to 
Forbes  (13),  there  is  some  evidence  that  the  insect  may  at  times 
prevent  fertilization  of  the  kernel  by  sucking  the  sap  from  the  silk 
or  pistillate  flower  and  killing  it  before  it  has  perfomied  its  function. 
A  heavy  infestation  may  also  weaken  the  stalk  and  delay  maturity 
to  such  an  extent  that  the  plants  may  be  injured  by  frost. 

Farther  south  corn  is  attacked  much  earlier  in  the  season,  so  that 
more  damage  may  be  done.  As  has  been  cited  by  McColloch  (15), 
another  more  common  form  of  injury  to  corn  in  Kansas  and  south- 
ward is  that  the  aphids,  by  feeding"  on  tha  tassel,  may  prevent  its 
function  of  producing  pollen.  Also  the  tassel  occasionally  becomes 
so  gummed  with  honeydew  as  to  prevent  the  shedding  of  the  pollen 
that  is  produced.  Tliis  honeydew  forms  one  food  of  the  adult  of 
the  corn  ear  worm  (Hdiofh/'s  'ohsoleta  Fab.)  and  hence  attracts  gi-eat 
numbers  of  the  moths  to  the  field,  thus  being  an  indirect  source  of 
injury.     Molds  and  rots  often  set  in  which  weaken  the  stalk,  some- 
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times  resulting:  in  the  loss  of  the  top  and  thns  destroying  the  ear  or 
at  least  reducing  its  size. 

Broomcorn  is  sometimes  considerably  damaged  by  a  reddened 
discoloration  of  the  brush  following  the  feeding  puncture.  A  sim- 
ilar discoloration  and  small-sized  grains  frequently  follow  a  heavy 
infestation  of  the  heads  of  grain  sorghum.  Forbes  {13)  considered 
this  to  be  due  to  a  bacterial  infection.  Such  infection  has  not  yet 
been  definitely  shown,  however,  and  in  the  light  of  recent  work 
by  Wadley  {20)  on  the  damage  caused  by  the  feeding  of  Toxopfera 
grammum  Rond.  it  seems  possible  that  the  injury  may  be  due  to 
an  enzyme  injected  by  the  aphid. 

McColloch  (75,  'p.  91)  reports  that  in  western  Kansas  in  1920 
"  the  infestation  resulted  in  shrinking  the  head,  causing  a  loss  of 
about  33  per  cent  in  weight  and  50  per  cent  in  volume  on  grain 
sorghums.  Hayes  {H)  shows  a  rather  serious  loss  in  germination 
from  heavily  infested  heads.  The  plant  is  sometimes  weakened 
and  the  boot  injured  so  that  the  head  does  not  fully  emerge  and 
proper  pollination  becomes  impossible.  The  heavilj^  infested  heads 
become  covered  with  honeydew,  and  in  humid  weather  molds  and 
other  fungi  attack  the  honeydew,  thus  giving  an  unsightly  appear- 
ance. Much  stunting  of  the  growth  frequently  attributed  to  dry 
weather  is  sometimes  more  properly  due  to  the  feeding  of  this  insect. 

The  loss  on  barley  in  the  South  and  Southwest  often  reaches  con- 
siderable proportions.  The  late-sown  barley  is  always  injured  more 
severely  than  that  sown  earlier  in  the  season.  The  leaves  become 
curled  and  sickly,  and  frequently  an  entire  field  has  the  appearance 
of  suffering  from  drought.  Occasionally  the  plants  are  yellowed 
and  look  as  if  they  had  been  sun-scalded.  At  El  Centro,  Calif.,  more 
than  600  aphids  were  counted  on  one  stalk,  and  a  careful  estimate 
indicated  the  presence  of  between  400  and  500  aphids  on  each  stalk 
in  three-fourths  of  the  field.  It  is  obvious  that  such  an  infestation 
would  practically  ruin  the  entire  crop.  On  Harold  Bell  Wright's 
ranch  at  Mololand.  Calif.,  the  aphids  were  so  abundant  in  1912  as  to 
cause  the  comi)lete  loss  of  a  10-acre  field  of  barley.  Mr.  Wright,  in 
a  letter  to  the  senior  author,  says:  "The  aphids  have  been  so  thick 
and  their  honeydew  so  abundant  that  one  could  not  walk  10  steps  in 
the  field  without  having  pants  and  shoes  a  mass  of  stickiness." 

Although  this  aphid  does  not  normally  feed  to  any  great  extent  on 
sugarcane,  it  does  go  to  this  crop  occasionally,  especially  when  its 
normal  wild  hosts  in  the  field  are  destroyed  in  the  process  of  culti- 
vation. Tt  lias  been  shown  by  Brandes  (/),  Chardon  and  Veve  (^), 
and  othei's  t(^  be  responsible  for  the  dissemination  of  sugarcane 
mosaic,  which  causes  a  considerable  loss  to  the  sugar  industry. 

LIFE  HISTORY 

Sweepings  of  bnrley  and  other  grains  and  tliorough  searches  in  the 
fields  in  the  South  and  Southwest  over  a  period  of  20  years  have 
failed  to  reveal  males  or  oviparous  f(Mnales.  Tlic  oviparous  female 
has  never  bern  observed,  or  obtained  by  rearing,  and  the  males  have 
been  reared  in  oidy  a  very  few  cases. 

Forlx's  {1'2,  13)  discusses  at  some  length  his  unsuccessful  attempts 
to  find  sf'xiial  foiins  or  eggs.  From  liH)7  to  1912  E.  O.  G.  Kelly 
spent  considerable  time  in  breeding  work  and  searching  in   fields 
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and  watching  the  flights  of  Aphis  maidis  in  the  fall  in  Kansas,  but 
he  found  no  evidence  of  sexes.  Vickery  and  coworkers  reared  manj^ 
thousands  of  specimens  at  Brownsville,  Tex.,  without  recording  any 
true  sexes,  although  in  liis  notes  Vickery  described  one  specimen, 
secured  in  January,  1911,  that  might  have  proved  to  be  a  sexual 
form  had  he  reared  it  to  maturity.  His  description  of  this  speci- 
men agrees  closely  with  that  given  later  in  this  bulletin  for  the  young 
of  the  male  forms. 

Wilbrink  {^2)  and  Van  Breemen  {2,  3,  4)  in  Java,  and  Vuillet 
and  Vuillet  (19)  in  the  French  Sudan  did  considerable  breeding 
work,  and  each  found  only  the  viviparous  forms  occurring.  In  fact, 
with  the  exception  of  the  few  males  found  in  the  generation  experi- 
ments at  Tempe,  Ariz.,  no  sexual  forms  have  ever  been  recorded. 

From  the  latitude  of  northern  Texas  southward  the  species  win- 
ters as  viviparous  females  on  barley  and  other  small  grains.  The 
method  of  overwintering  in  the  North  is  at  present  unknown.  Less 
than  25  per  cent  of  the  a})hids  were  able  to  withstand  the  unusual 
temperature  of  13°  F.,  which  was  recorded  at  Tempe,  Ariz.,  in  1912. 
In  localities  where  the  temperature  falls  much  below  this  point  the 
aphid  is  not  known  to  survive  the  winter. 

Just  how  the  aphid  becomes  so  injurious  in  the  North  is  not  defi- 
nitely known.  It  is  possible,  as  suggested  by  Davis  {8,  p.  144),  tliat 
it  may  migrate  northward  much  as  the  green  bug  {Toxoptcra  grami- 
num,  Rond.)  does,  but  such  migration  has  not  been  definitely  proved. 
The  writers  have  observed  that  at  Tempe,  Ariz.,  and  San  Antonio, 
Tex.,  the  alate  forms  appear  much  more  numerous  during  the  six 
weeks  following  March  25,  and  again  for  six  weeks  following  August 
25,  than  at  other  times.  A  note  made  by  the  senior  author  at  Tempe, 
Ariz.,  on  April  19,  1917,  is  as  follows : 

Alate  spring  migrants  are  in  the  air  thick  the  past  three  clays,  and  this 
morning  they  were  especially  numerous.  At  sunrise  the  air  was  alive  with 
them,  and  the  retiection  of  the  sun  upon  their  rapidly  moving  wings  made  a 
unique  lighting  eiTect. 

Similar  migrations  were  observed  by  Van  Breemen  (^,  3,  4)  in 
Java.  Forbes  (iJ,  p.  125)  states :  "  The  species  makes  its  appearance 
in  midsummer,  our  earliest  date  being  July  9,  when  specimens  were 
found  on  young  leaves  of  corn.  We  have  no  i-ecord  whatever  to  show 
whence  it  comes  or  where  it  lives  preceding  this  time."  This  late 
appearance  in  the  North  adds  weight  to  the  theorj''  that  the  species 
may  migrate  from  the  South. 

In  the  summer  the  fully  developed  aphids  are  very  small,  often 
scarcely  more  than  one-half  to  two-thirds  the  size  found  during 
cooler  weather.  Associated  with  this  reduced  size  is  a  much  shorter 
life  and  the  production  of  a  very  small  number  of  young. 

CAGES  USED  IN  LIFE-HISTORY  STUDIES 

Barley  was  found  to  be  the  most  desirable  host  plant  to  use  in 
cages,  as  it  is  one  of  the  favorite  food  plants,  is  hardy  enough  to 
withstand  all  degrees  of  temperature  imposed,  and  furnishes  a  small 
leaf  surface  which  can  be  easily  examined. 

A  single  barley  plant  was  allowed  to  grow  near  the  center  of  a 
6-inch  flowerpot,   and   a  4-inch  lantern  globe  with  cloth  top   was 
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placed  over  it.  The  plant  was  pinched  back  from  time  to  time  to 
regulate  its  size.  The  cloth  cover  allowed  sufficient  ventilation  to 
prevent  excessive  moisture  from  gathering  inside  the  globe.    (Fig.  4.) 

DIFFICULTIES  ENCOUNTERED 

It  was  often  difficult  to  examine  the  cages  during  cold  weather 
because  of  the  aphids'  habit  of  crawling  deep  into  the  center  whorl  of 
the  phint,  making  it  almost  impossible  to  count  the  number  present 
without  injuring  either  the  plant  or  some  of  tlie  aphids.  The  num- 
ber could  sometimes  be  determined  by  holding  the  plant  between  the 
observer  and  the  sunlight  or,  better,  a  40- watt  electric  light;  the 
aphids  would  then  appear  as  shadows  within  the  whorl. 

Perhaps  the  greatest  difficulty  encountered  in  the  generation  exper- 
iments was  due  to  the  tendency  for  the  plant  to  develop  a  wilt  dis- 
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ease  under  conditions  of  high  temperature  and  humidity,  such  as 
prevailed  in  the  spring.  A  plant  that  appeared  healthy  when  the 
cage  was  examined  on  one  day  would  often  be  wilted  the  next  day 
and  the  aphids  scattered  beyond  recovery. 

Another  serious  diniculty  was  caused  by  a  fungous  disease  whicli 
attacked  the  ai)hids  and  killed  large  numbers  of  tiiem  at  times  when 
the  temperature  and  luimidity  were  high.  Fortunately  for  the  con- 
tinuity of  the  series,  the  female  was  not  usually  killed  until  she  had 
profluced  one  or  more  young,  although  she  often  died  Avithin  a  day 
or  two  thereafter.  Since  this  tlisease  was  most  prevalent  during 
April,  May,  and  June,  when  reproduction  was  at  its  height,  the 
average  mimber  of  young  was  considerably  reduced. 

GENERATION  EXPERIMENTS 

Losses  from  I  lie  \ari(^)us  causes  mentioned  above  made  it  impossible 
to  carry  all  the  generation  oxpciiuicnts  tlii'ough  the  entire  year.  Of 
a|)|)i'o\iui:itely  .")()  sei'ies  of  cages  luii  at  Tem])e,  iVri/,.,  to  determine 
tiie  maximum  number  of  generations  by  using  the  first-born  each 
time,  only  7  were  carried  through  the  entire  year.     Even  in  these 
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cases  other  individuals  of  the  same  age  as  those  used  to  start  the 
cage  were  occasionally  substituted  in  order  that  the  series  might  be 
continued  through  the  year.  Only  two  series  were  carried  for  more 
than  a  year,  one  of  these  for  a  year  and  nine  months. 

Approximately  30  series  of  cages  were  started  to  determine  the 
minimum  number  of  generations  by  using  the  last-born  each  time, 
but  none  was  successfully  carried  through  an  entire  j^ear  even  with 
substitution.  Five  cages  were  carried  successfully  for  10  months  or 
more  and  so  gave  an  indication  of  about  what  could  be  expected. 
In  these  series  1,141  individuals  were  kept  throughout  their  entire 
lives.  The  maximum  age  for  these  individuals  was  86  days,  and  the 
maximum  number  of  young  was  95. 

Table  2  summarizes  only  the  few  series  of  cages  which  were  car- 
ried for  11  months  or  more  for  first-born  generations  and  approxi- 
mately 10  months  for  the  last-born.  The  maximum  number  of  gen- 
erations in  a  year  varies  from  35  to  40,  with  an  average  of  37.  If 
allowance  is  made  for  a  probability  of  about  2  more  generations  dur- 
ing the  approximate  six  weeks  not  shown  for  the  last-born,  the 
minimum  number  of  generations  would  vary  from  13  to  20,  with  an 


average  of  16. 


Table  2. — Generation  data 


DETERMINED    FROM    FIRST-BORN 

Age 

Maxi- 
mum 
young 

Average 
young 

Genera- 
tions 

Time 

Maximum 

Average 

Days 
61 
57 
68 
64 
67 
75 
79 
55 
62 
59 

Days 
22 
22 
26 
27 
26 
31 
29 
28 
26 
26 

Number 
57 
69 
57 
72 
63 
65 
76 
75 
65 
66 

Number 
16 
25 
26 
23 
21 
24 
26 
29 
35 
35 

Number 
36 
37 
37 
35 
37 
36 
61 
35 
38 
40 

1  vear. 

Do. 

Do. 

Do. 

Do. 
1  year,  24  days. 

I  year,  9  months,  12  days. 

II  months,  14  days. 
11  months. 

11  months,  14  days. 

Mean  65.  7 

26.3 

66.5 

26 

DETERMINED  FROM  LAST-BORN 

42 
60 
72 
79 
55 

21 
34 
26 
30 

16 

47 
54 
76 
63 

57 

23 
36 
24 
24 

14 

18 
11 
12 
11 
17 

10  months,  5  days. 
10  months,  7  days. 
10  months,  11  days. 
10  months,  3  days. 
9  months,  26  days. 

Mean  61.8 

25.2 

59.4 

24.2 

The  milder  winters  and  cooler  summers  occurring  at  Brownsville, 
Tex.,  enabled  Vickery  to  carry  14  series  of  cages  for  one  year  and 
12  series  for  two  years  for  the  maximum  number  of  generations, 
and  9  series  for  one  year  and  4  series  for  two  years  for  the  minimum 
number  of  generations.  He  found  the  maximum  number  of  genera- 
tions in  one  year  to  range  from  39  to  50,  with  an  average  of  45.1, 
and  the  minimum  number  to  range  from  16  to  20,  with  an  average 
of  17.2. 
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The  number  of  generations  in  the  North  would  be  much  smaller 
owino:  to  the  short  sea.'^on.  Davis  (<?,  f.  IJfO).  working  in  Illinois, 
says:  '**  *  *  from  my  experiments,  it  may  be  definitely  said 
that  there  were  not  more  than  9  generations  after  June  26/'  the 
earliest  date  of  its  appearance. 

LENGTH  OF  INSTARS 

The  length  of  the  several  instars  varies  considerably^,  depending 
on  a  number  of  factors,  although  temperature  is  the  dominant  one. 
Fourteen  individuals  were  carried  through  to  the  adult  stage  and 
observed  for  molts  during  March  and  April,  and  nine  individuals 
during  July  and  August.  (Table  3.)  The  observations  were  made 
at  6-hour  intervals.  These  individuals  molted  four  times,  and  one 
specimen  molted  five  times. 

Table  3. — Length  of  instars  in  days 


OBSERVATIONS  DURING  MARCH  AND  APRIL 

First 

Second 

Third 

Fourth 

Fifth 

Total 

2.  .50 

3.25 

2.50 

2.  .50 

2.75 

2 

2.75 

1.50 

3 

3 

2 

2 

3 

2.50 

3.50 

2.  .50 

3.50 

1 

2.75 

3 

3.75 

1 

2 

2.25 

1.75 

1 

1.25 

2 

3 

4.25 

3 

5.50 

2 

2.  .50 

2.  ,50 

2.50 

2 

2.75 

2.25 

2.75 

2.25 

2 

4 

5.25 

3 

4 

2.50 

4.50 

5 

2.26 

3 

2 

2.75 

2 

2.50 

2.50 

13 

15.25 

12 

13 

10 

12 

14 

11 

10 

10 

8.75 

7.75 

9 

9 

- — 

3.75 

Mean  2. 51 

2.25 

2.80 

3.23 

11.05 

OBSERVATIONS  DURING  JULY  AND  AUGUST 

L25 

L26 

L25 

1.50 

L50 

1 

1 

1.50 

L50 

1 

h75 

1 

L50 

1 

1 

2 

L50 

1.50 

1.25 
L75 

1..50 

1.25 

1 

1 

2 

1 

L50 

2 

2 

1 

4.75 

5 

5 

fi 

4.50 

4.50 

6 

6.50 

5 

Moan  1. 30 

1.3fi 

1.  Ifi 

1.41 

5.  25 

The  time  required  to  reach  the  adult  stage  varied  from  4.50  days 
as  a  minimum  in  July  and  August  to  15.25  days  in  March  and 
April.  ALate  forms  required  a  day  or  two  longer  than  ai)teroiis 
forms.  Xf)  j-ecord  was  made  of  molts  dui'ing  the  winter  months, 
but  the  giMieratiou  cages  show  that  the  total  length  of  the  instars 
would  liave  increased  to  from  18  to  22  days,  c\epending  on  the 
temperature. 

VIVIPAROUS  FORMS 

The  viviparous  forms  have  been  fully  described  by  Davis  (5),  and 
it  seems  unnecessary  to  repeat  these  descriptions  here. 
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SEXUAL  FORMS 


The  sexual  forms  of  A.  jn-aidis  occur  very  rarely  in  the  United 
States,  and  thus  far  have  not  been  recorded  from  any  other  country. 
Various  entomological  workers  have  spent  much  time  and  carried 
the  species  through  many  generations  without  having  obtained  a 
specimen  of  either  of  the  sexes. 

AYhile  running  a  series  of  generation  experiments  at  Tempe,  Ariz., 
in  1920.  the  junior  author  obtained  two  specimens  that  were  later 
determined  by  A.  C.  Baker  as  alate  males  of  ^4.  maidis.  Since  that 
time  40  or  more  males  have  been  reared  by  the  same  author.  With 
the  exception  of  2  males  born  November  29,  all  were  secured  during 
December,  January,  and  Feb- 
ruary. The  writers  have  not 
yet  been  able  to  secure  the  ovip- 
arous females. 

No  definite  statement  can 
yet  be  made  concerning  the 
factors  influencing  the  occur- 
rence of  sexual  forms.  The 
first  4  males  produced  were  the 
first  and  second  born  of  cer- 
tain given  females,  wdiile  the 
next  8  males  secured  were  the 
last  8  born  of  a  single  female. 
In  another  case  there  was  an 
indiscriminate  mixing  of  males 
and  apterous  and  alate  vivipa- 
rous individuals  after  36  nor- 
mal viviparous  young  had  been 
born.     (Figs.  5  and  6.) 

In  each  of  the  three  seasons, 
1919-20,  1921-22,  and  1923-24, 
in  which  males  were  found,  the 
average  temperature  ranged 
from  nearly  normal  to  8.4  de- 
grees above  normal  for  each 
month,  with  no  abnormally  low 
temperatures  (a  minimum  of 
30°  F.).  During  these  three 
years  40  series  of  cages  were  run  through  the  season,  and  males 
appeared  in  6  of  them.  The  average  temperature  during  the  winter 
of  192-J— 25  was  also  above  normal,  although  there  were  occasional 
low  temperatures,  with  a  minimum  of  23°  F.  Nineteen  series  of 
cages  were  run  during  this  season  without  any  sexual  forms  appear- 
ing. During  the  six  years  1911  to  1917,  27  series  of  generations 
were  carried  through  the  winter  seasons  without  sexual  forms  ap- 
pearing. Four  of  these  six  seasons  averaged  below  normal;  the 
other  two  averaged  above  normal,  although  there  were  unusual  cold 
spells  in  which  the  temperatures  dropped  to  27°  F.  "While  all  the 
males  thus  far  observed  were  secured  during  very  mild  winters,  the 
number  of  cages  under  operation  is  too  small  to  show  definitely 
that  temperature  is  a  controlling  factor.  Other  workers  have  carried 
A.    maklis   through   the   winter   in   greenhouses,   in   heated    rooms, 
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maidis 
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and  in  the  Tropics  Avithout  producing  sexual  forms.  There  seems 
to  be  no  correhition  between  the  number  of  males  secured  and  the 
prevailino;  humidity  or  a  combination  of  temperature  and  humidity. 
The  greatest  luimber  of  specimens  developed  during  two  of  the 
seasons  when  the  work  was  carried  on  under  an  open  shed  where  some 
of  the  light  was  cut  off,  but  they  were  not  secured  in  other  seasons 
under  the  same  shed.  They  also  developed  in  a  third  season  when 
the  work  was  done  in  the  open  with  full  daylight.  Other  workers 
have  carried  them  through  in  inclosed  sheds  and  rooms  wdiere  the 
light  was  greatly  reduced  without  securing  sexual  forms,  so  that  a 
reduction  of  daylight  does  not  seem  to  account  for  this  occurrence. 
The  writers  have  been  unable  to  find  any  other  factor  or  group 
of  factors  that  mav  be  said  to  influence  the  occurrence  of  sexual 


Figure  (5. — .Mate  viviiiai-ous  female  Aphis  maidis 

forms.  It  seems  probable  that  in  the  process  of  evolution  Aphis 
fnmdis .hsLS  developed  to  a  point  wliere  the  sexual  forms  are  no  longer 
necessary  and  the  species  can  indefinitely  continue  to  reproduce 
parthenogenetically. 

MALES 

Unfortunately,  no  males  were  observed  closely  enougli  to  permit 
definite  conclusions  concerning  the  nnniber  of  instars,  t]ie  lengtli  of 
each  instar,  etc.  A  general  statement  can  be  made,  however,  that 
males  required  from  two  to  nine  days  longer  to  reach  maturity  than 
the  normal  apterous,  viviparous  female  hoin  at  the  same  time. 

Tn  all  l)ut  one  case  the  males  wei'e  recognized  as  different  in  some 
wav  from  normal  vonnjr  as  soon  as  thev  wei'c  found.  The  second 
time  they  wei'e  fonnd  they  were  retained  to  start  a  cage  of  lirst-b(U"ns 
and  were  not  recognized  as  males  until  they  became  adnlts. 

Since  no  technical  desci'ipt ion  of  the  young  male  is  available,  it 
seems  desirable   to  incorpoiati'   here  some  extracts   from   the   notes 
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made  by  the  junior  author  at  the  time  the  young  were  found.  The 
first  note  appears  on  February  11,  1920,  and  is  as  follows :  "  Two 
larvae  are  found  to-day.  These  are  extremely  dark  colored."  These 
two  larvae  were  isolated  for  observation,  and  on  March  1  appears 
the  following: 

Both  are  now  winged  adults.  These  are  much  more  slender  than  the  average 
winged  female  and  the  abdomen  is  much  darker ;  the  average  winged  female 
having  a  black  thorax  and  a  greenish  abdomen  while  these  have  both  thorax 
and  abdomen  black. 

These  two  specimens  were  observed  for  a  few  days,  then  preserved 
in  alcohol  and  sent  to  A.  C.  Baker,  who  determined  them  as  alate 
males  of  Aphis  rriaidis.  Another  note,  under  date  of  December  21, 
1921,  is  as  follows : 

One  young  is  so  different  that  it  is  isolated  to  watch  developments.  It  is  of 
a  dull  black  color,  so  that  when  first  seen  on  a  yellowed  leaf  I  thought  it 
dead.  It  is  comparatively  broad  across  the  thorax,  and  the  sides  of  the  thorax 
and  abdomen  are  parallel.  The  tip  of  the  body  does  not  extend  beyond  the 
cornicles  at  this  time.     (Age  about  3  days.) 

DESCRIPTION  OF  MALE  APHIS  MAIDIS  (FIGS.  7,  8,  9,  10) 

The  following  description  is  from  five  specimens  reared  by  the 
junior  author,  which  are  now  deposited  in  the  United  States  National 
Museum  (No.  19328). 

Head  and  thorax  black ;  abdomen  dark  bluish  green,  appearing  almost  black, 
with  a  slightly  darker  spot  on  the  side  of  each  abdominal  segment.  Antennae 
6-segmented,  reaching  nearly  to  the  cornicles.  Third  antennal  segment  with 
12  to  47  circular  sensoria  irregularly  distributed ;  fourth  with  9  to  25  similar 
sensoria  irregularly  distributed ;  fifth  with  6  to  15  sensoria  ;  sixth  with  1  large 
sensorium  at  the  apex  of  the  basal  portion  and  none  to  2  small  sensoria  on  the 
basal  portion.  Legs  black.  Cornicles  black,  largest  in  the  middle  and  some- 
what dilated  at  the  apex. 

Measurements  (avera,ge  specimens  in  alcohol)  :  Length  of  body,  1.456  mm; 
width,  0.572  mm;  wing  expanse,  6.29  mm.  Antennae  (Table  4),  basal  seg- 
ment. 0.0624  mm ;  segment  2,  0.0624  mm ;  segment  3,  0.3299  mm ;  segment  4, 
0.1788  mm  ;  segment  5,  0.1726  mm ;  segment  6,  0.0936+0.2080  mm ;  total,  1.1077 
mm.     Cornicles,  0.104  mm. 

Table  4. — Measurements  of  male  antennae 


Indi- 

Segment 1 

Segment  2 

Segment  3 

Segment  4 

Segment  5 

Segment  6 

vidual 
No. 

Length 

Sen- 
soria 

Length 

Sen- 
soria 

Length 

Sen- 
soria 

Length 

Sen- 
soria 

1 

Mm 
/      0. 0624 
I        .0624 
r       .0624 
I        .0624 
f        .0624 
I        .0624 
f        .  0624 
1        .0624 
.0624 

Mm 

0.  0624 
.0624 
.0624 
.0624 
.0624 
.0624 
.0624 
,0624 
.0624 

Mm 
0.3288 
.3288 
.3744 
.2912 
.3952 
.  3744 
.2288 

Number 
47 
34 
36 
25 
42 
21 
12 

Mm 
0. 1664 
.1664 
.1872 
.1872 

Number 
25 
24 
15 
17 

Mm 
0. 1456 

Number 
6 

Mm 
0. 104  -1-  0.  2288 

Number 
1 

2 

.2080 
.1872 

6 

15 

.104+   .2496 
.104+    .2288 

3 

3 

4 

.1072 

9 

.1456 

6 

(?) 

(?) 

5 

1.4784 

147 

.1768 

14 

.0624  +  .  1248 

1 

Segments  3  and  4  united. 
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NATURAL  CHECKS 

Like  many  other  injurious  insects,  Aphis  nnaidis  is  ordinarily  held 
m  check  by  adverse  weather  conditions  and  the  natural  enemies  which 
prey  upon  it.  Often,  hoAvever,  weather  conditions  may  be  favorable 
for  its  rapid  multiplication  where  its  natural  enemies  are  few  in 
number,  and  then  severe  injury  may  be  expected. 


Figure  7. — Male  ApMs  maidis 


FiGORE  S. — Antenna  of  male  Aphix  innidlri 


FIGITKE    9. — roinicle    of    male 
Aphis  ma  ill  in 


I'ltiinE   10. — Cauda    of   male 
Apliin  iitiiiilis 


ADVERSE  WEATHER  CONDITIONS 

As  has  been  sliown  previously,  botli  extremes  of  temperature  ai'c 
detrimental  to  the  welfare  of  tliis  aphid.  The  aphids  are  unable 
to  survive  the  cold  winters  of  the  North  as  viviparae  even  on  the 
faA'^ored  hosts.  Less  than  25  \)vv  cent  were  able  to  survive  the  un- 
usual cold  of  18°  F.,  at  Teinpe,  Ariz.,  in  1912.  On  the  other  haii.l, 
the  extreme  simimer  heat  in  the  Southwest  reduces  the  size  of  the 
api)ids  one-thii(l  to  one-half,  shortens  the  span  of  life,  and  greatly 
curtails  tiie  number  of  youn<r  produced. 
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Hard,  beating  rains  frequently  destroy  large  numbers  of  the 
aphids,  although  hot  so  many  of  them  as  of  many  other  species, 
because  Aphts  nmldis  is  well  protected  within  the  plant. 

Warm,  humid  Aveather  is  favorable  to  a  fungous  disease  which 
often  causes  the  death  of  large  numbers  of  these  aphids. 


INSECT  AND   OTHER  ENEMIES 


Aphis  tnaidis  is  attacked  by  a  large  number  of  natural 
In  the  United  States  alone  the 
known  list  includes  13  coccinellids, 
7  syrphids,  2  other  Diptera,  2 
lacewing  flies,  1  hymenopteron,  1 
redu\did,  and  many  small  spiders, 
several  of  which  have  not  been 
specifically      determined.      Certain 

small  lizards  and  birds  also  occa-    figure  ii. — nippodauna  con 
sionally  feed  on  this  insect.  tS' Phniip^^' '  ^'  '"''"• 


enemies. 


verijeiis:  a, 
(Webster 


IJ^DYBIRD    BEETLES 


Probably  a  large  percentage  of  the  species  of  ladjd^ird  beetles 
can,  and  do  at  times,  feed  on  Aphis  maidis.  Thirteen  species  have 
been  recorded  as  feeding  commonly  on  this  aphid.  Two  species  in 
particular,  Hippodatma  convergens  Guar.   (fig.  11)   and  Ceratome- 

gul<L  fuscilahris  Muls.,  are 
very  widely  distributed 
and  are  nearly  always  in 
evidence  during  an  aphid 
outbreak.  Both  larvae 
and  adults  of  this  group 
feed  on  aphids  and  other 
soft -bodied  insects. 

In  1912  Vickery  ob- 
tained the  ladybird  beetle 
Chilomenes  sexmacyZata 
Fab.  from  India  and  at- 
tempted to  establish  it 
near  Brownsville,  Tex.,  to 
help  control  this  aphid. 
The  beetles  fed  readily  on  these  aphids,  but  the  attempt  seems  to  have 
failed,  since  no  specimens  have  been  recovered. 


Figure  12. — Chrysopa  oaliforivica:  A,  Adult ;  B. 
instar.      (Wlldermuth) 


third 


LACEWING  FLIES 


In  the  Southwest  Chrysopa  cal'/ formica  Coq.  (fig.  12)  is  the  most 
important  of  the  neuropteron  group.  The  senior  author  has  care- 
fully worked  out  the  life  history  and  habits  of  this  insect  and  shown 
that  it  will  eat  from  75  to  150  or  more  mature  aphids  or  from  400 
to  500  aphids  of  all  sizes  during  its  lifetime.     It  feeds  only  during 
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the  larval  stages,  grasping  an  aphid  and  completely  draining  it  of 
its  body  contents  before  discarding  it  and  taking  another.  In  cage 
work  the  adults  were  not  observed  to  feed;  they  lived  only  two  or 
three  days  until  the  complement  of  eggs  was  laid. 


SYBPHID   FLIES 

The  larvae  of  syrphid  flies  form  another  important  group  of 
natural  enemies  of  Aphis  tnaidU.  Seven  species  have  been  recorded 
as  feeding  on  this  aphid,  Davidson  (7)  credits  AUograjyta  fracta 
O.  S.  as  being  chiefly  responsible  during  certain  years  for  the  control 

of  A.  mmdis  in  the  Impe- 
rial Valley  of  California. 
This  species  is  also  com- 
mon in  Texas,  Oklahoma, 
and  Kansas.  Other  species 
seem  to  be  more  common 
farther  east. 


FiGtJRB  13.- 


-Li/siphlrhua  testacetpes  (Cress), 
stcr  iiiid  I'hillips) 


INTERNAL   PARASITES 

The  internal  hymenop- 
terous  parasite  Lysiphle- 
hns  testaceipes  (Cress.) 
(fig.  13)  is  probably  the 
most  widely  distributed 
(Web-  ,^Yidi  at  the  same  time  the 
most  important  parasite  of 
Aphis  maidis  in  the  United  States.  Nearly  every  colony  of  a]ohids 
observed  was  found  to  have  a  number  of  infested  individuals.  While 
the  weather  remains  warm  entire  colonies  are  destroyed,  but  during 
the  cooler  weather  the  ajohids  are  able  to  more  than  hold  their  own 
with  this  parasite,  as  the  temperature  at  which  the  parasite  develops 
most  readily  is  somewhat  higher  than  that  required  by  the  aphid  for 
rapid  multiplication. 
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Coleoptera : 

Adalia  Mpuvctata  L. 
Cerattmuf/illd  ftiscihihris  Mills. 
Cocoiru:U(i  v<>v<iiiW)t(it(i   Ilbst. 
Cyclonrdn  rubripoinis  Casey 
Cy  cloned  n  nan  an  men  L. 
Ilippiidtimia  courcrf/rns  Guer. 
Jfipiitidtnniii    t/l(ici<il>s  Fab. 
Jfippiidtiniia  piiniilhr.si)!  yay 
Hyprraapls  xUjudla  Oliv. 
Olhi  (ihdo))\iiiaU!<   Say 
PKiiJIuhora  20  maculfita  Say 
l\<»di)Ha  cardiuali^   (Muls.) 

Diptcrn  : 

Syrpliids — 

Alldf/rapta  frartu  ().   S. 
Allof/ropta  oldii/iHi    S;iy 


Diptera — rontinuod. 

Syn»lii(ls — ( 'ontinued. 
Baccha  cUn-ata   Fab. 
Eupcodcs  volucri.s  O.   S. 
Mrsagramma  polita  Say 
Sphacfophorki  cjilindrica   Say 
Syrphu.s  americdnus  Wied. 
Of  her  Diptera — 

Aphidotctcs  meridional  is  Felt 
Leiioopi^  nigricornis  Egger 
Lacewiiifr  flies : 

Clirysopa  californica  Coq. 
Vhriinnpd  sj). 
Ilynieiioptei  a  : 

Li/siphlchKs  tcstaccipen   (Cress.) 
Ilemiptera  : 

RcdurhlUH  ferus  L. 
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CONTROL 

TIME  OF  PLANTING 

Since  this  insect  does  its  greatest  damage  to  late  corn  and  sor- 
ghums in  the  North  and  to  hite-planted  barley  in  the  South,  it  is 
obvious  that  much  can  be  accomplished  in  the  wa}^  of  reducing  the 
injury  by  early  planting  and  by  thorough  cultivation,  where  pos- 
sible, to  hasten  the  maturity  of  the  crop.  In  the  North  early-planted 
corn  usually  is  nearly  mature  before  the  aphid  becomes  abundant 
enough  to  injure  the  crop  seriously.  The  early  crops  are  not  so 
succulent  as  the  later  planted  crops  and  are  not  so  attractive  to  the 
migrant  forms.  Early-planted  barley  is  seldom  hurt  in  the  South, 
although  the  late  planting  is  often  seriously  injured. 

Any  condition  which  causes  the  crop  to  grow  in  a  thrifty  manner 
will  reduce  the  damage  from  this  insect.  Fields  that  are  to  be 
planted  to  crops  susceptible  to  in-jury  from  this  insect  should  be 
well  tilled,  preferably  by  deep  plowing  and  thorough  preparation 
of  the  seed  bed,  and  they  also  should  be  maintained  in  a  high  state 
of  fertilit3^  Attention  to  these  details  will  produce  a  rapidly  grow- 
ing crop  and  one  that  will  outgrow  much  of  the  damage  that  may 
be  caused  by  the  feeding  of  these  little  insects.  It  is  lack  of  this 
thrift  and  rapid  growth  in  late-planted  barley  that  enables  the 
insect  to  cause  serious  damage  in  such  fields. 

PASTURING 

In  the  South  and  Southwest  barley  is  commonly  sown  in  the  fall 
and  pastured  during  the  winter.  This  pasturing  is  of  threefold  ben- 
efit, in  that  it  supplies  an  abundance  of  green  feed,  causes  a  greater 
tillering  of  the  plant,  and  at  the  same  time  helps  to  control  the  aphid. 
The  aphid  crawls  deep  into  the  whorl  of  the  plant  and  is  eaten  by  the 
cattle  along  with  its  host  plant.  When  thus  located,  the  insect  has 
but  little  opportunity  to  fall  from  the  plants  while  the  stock  are 
grazing  on  them.  Thus,  even  a  heavily  infested  field  may  be  almost 
completely  freed  of  the  pest. 

SPRAYING  AND  DUSTING 

Although  it  is  possible  to  kill  many  of  the  aphids  on  barley  by 
spraying  or  dusting  with  insecticides,  the  comparatively  low  value 
of  the  crop  and  the  high  cost  of  the  operation  make  this  method 
inadvisable  as  an  ordinary  procedure.  On  the  grain  sorghums  and 
corn  the  aphids  hide  in  the  head  and  deep  within  the  growing  tips, 
where  it  is  difficult  for  ordinary  sprays  to  reach  them  in  an  efficient 
manner. 

SUMMARY 

Aphis  maidis  was  described  by  Fitch  in  1856  and  was  confused 
with  {Aphis)  Anwcaphis  inrndi-radich  Forbes  until  1891,  when 
Forbes  showed  the  two  to  be  distinct  species. 

Aphis  maidis  is  quite  generally  distributed  throughout  the  world 
between  the  parallels  of  40°  N.  and  40°  S. 
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It  does  its  greatest  dainage  in  the  United  States  when  feeding 
upon  barley,  grain  sorghums,  and  corn,  and  in  tlie  transmission  of 
the  mosaic  diseases  on  sugarcane. 

It  is  not  known  how  or  whether  tliis  aphid  overwinters  in  the 
North.     It  has  been  suggested  that  it  may  migrate  from  the  South. 

Cage  records  show  the  maximum  number  of  generations  to  vary 
from  9  in  central  Illinois  to  from  35  to  41  at  Tempe,  Ariz.,  and  from 
39  to  50  at  Brownsville,  Tex. 

Males  are  recorded  for  the  first  time  (Tempe.  Ariz.)  and  are  illus- 
trated and  described  herein. 

This  insect  can  be  controlled  on  corn  and  grain  sorghums  by  early 
planting  and  on  barley  by  early  planting  and  pasturing  the  infested 
fields  in  case  of  an  outbreak. 
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INTRODUCTION 

Redwood  is  one  of  the  important  commercial  woods  of  the  United 
States.  The  combination  of  desirable  qualities,  including  relatively 
high  mechanical  properties,  medium  weight,  low  shrinkage,  ease  of 
working,  and  high  resistance  to  decay  enables  redAvood  to  meet  the 
requirements  of  many  special  as  well  as  ordinary  uses,  thus  giving 
it  a  high  utility  value. 

1  Acknowledgment  is  made  of  the  cooperation  and  assistance  of  the  California  Redwood 
Association  in'  this  study,  particularly  that  of  the  Pacific  Lumber  Co.  and  the  Union  Lum- 
ber Co.  ;  also  of  that  of  Aldo  Leopold,  formerly  of  the  Forest  Service.  The  valuable  assist- 
ance in  the  study  rendered  by  the  following  members  of  the  Forest  Service:  J.  A.  Newlin, 
B  H.  Paul  A.  Koehler,  M.  Y.  Pillow,  of  the  Forest  Products  Laboratory,  and  C.  L.  Hill, 
of  the  California  Forest  Experiment  Station,  is  gratefully  acknowledged;  as  are  also 
photographs  contributed  by  the  Save-the-R<  dwoods  League. 

2  Maintained  by  the  U.  S.  Department  of  Agriculture  at  Madison,  Wis.,  m  cooperation 
with  the  University  of  Wisconsin. 

106001° — 32 -1 


2  TECH^-ICAL  BULLETIN   3  05,  U.  S.  DEPT.  OP  AGRICULTUEE 

The  redwood,  as  found  in  the  virgin  stands,  is  one  of  the  hirgest 
trees  of  the  world.  It  is  long-lived,  reaching  an  age  of  1,300  years 
or  more,  and  commonly  attains  a  diameter  of  5  to  10  feet,  and  a 
heiglit  of  over  250  feet,  (Pis.  1  to  3.)  Because  of  its  great  size,  the 
tree  yields  a  high  percentage  of  clear  lumber. 

The  natural  range  of  redwood  is  confined  to  a  relatively  narrow 
belt  of  northern  California,  extending  about  500  miles  along  the 
coast  and  from  10  to  30  miles  inland,  and  in  addition  there  is  a 
small  area  of  some  commercial  importance  south  of  San  Francisco. 
Kedwood  grows  at  elevations  ranging  from  sea  level  to  about  3,000 
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PiGDRB  1. — Commercially  important  range  of  redwood 


feet.  The  commercially  imj)()rtant  range  of  redwood  is  about  300 
miles  in  length,  as  indicated  by  the  shaded  area  in  Figure  1.  The 
redwood  region  is  characterized  by  abundant  atmospheric  moisture 
throughout  most  of  the  year  ('5).^ 

Redwood  {i>i<quoia  Kcnipei'vire'iis  (Lambert)  Endlicher)  should 
not  be  confused  with  big  ti"ee  {S.  vm^'iJiingfoii'utna  (Winslow)  Sud- 
wortli),  a  closely  related  but  distinct  species  whose  range  is  confined 
to  tlic  west  side  of  the  Sierra  Nevada  Mountains  at  elevations  fi-om 
5.000  to  8,500  feet.     In  general,  the  big  tree  is  of  larger  diameter 


•Italic  numbers  in  parentheses  refei-  Id  Literature  Cited,  p.  48. 
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Redwood  Trees   are   Long    lived,   frequently   Reaching  an  age  of 

1.300  Years  or  more 

The  section  shown  is  from  a  tree  864  years  old. 
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and  attains  a  greater  age  than  the  redwood  but  is  not  now  of  com- 
mercial importance  {J3). 

The  stand  of  virgin  redwood  was  estimated  in  1920  at  about  72,- 
000,000,000  feet,  board  measure  {J4),  and  the  annual  cut  since  then 
has  been  about  500,000,000  board  feet.  Although  the  exhaustion  of 
virgin  stands  is  not  to  be  shortly  anticipated,  some  operators  have 
given  and  are  giving  thought  to  reproduction  on  cut-over  areas, 
and  are  looking  forward  to  continued  production  from  second- 
growth  stands.  Since  most  second-growth  redwood  has  ample  grow- 
ing space  in  its  early  years,  the  wood  put  on  in  early  life  is  of  more 
rapid  growth,  weaker,  and  contains  more  knots  than  the  virgin- 
growth  redwood  that  has  grown  slower  under  normal  forest  compe- 
tition throughout  its  entire  life.  Economic  considerations  will  no 
doubt  require  that  the  second-growth  stands  of  redwood  be  cut  be- 
fore the  competition  within  the  stand  is  sufficient  to  result  in  the 
formation  of  wood  comparable  to  that  of  virgin  growth. 

PURPOSE 

The  purpose  of  this  bulletin  is  to  present  information  on  the  physi- 
cal and  mechanical  properties  of  redwood.  Such  information  is  of 
value  to  architects,  engineers,  manufacturers,  lumbermen,  and  others 
requiring  detailed  information  on  the  properties  of  redwood.  In 
addition,  it  should  be  of  aid  to  foresters  contemplating  management 
plans  for  reforestation  by  affording  a  comparison  of  the  properties 
of  second-growth  redwood  produced  under  widely  different  growth 
conditions  with  those  of  virgin-growth  material. 

NATURE  OF  STUDIES 

The  information  on  redwood  presented  in  this  bulletin  resulted 
from  an  intensive  sampling  in  the  field  of  trees  from  different  sites 
and  localities  for  specific  gravity,  and  from  selected  typical  logs 
that  were  sent  to  the  Forest  Products  Laboratory  for  comprehensive 
strength  tests.  Hence  the  study  is  discussed  under  two  divisions; 
namely,  (1)  specific-gravity  survey  and  (2)  strength  and  related 
properties. 

The  specific  gravity  survey  consisted  o,f  determining  the  specific 
gravity  of  specimens  taken  from  the  pith  to  the  circumference  and  at 
intervals  from  the  butt  to  the  top  of  each  of  a  number  of  redwood 
trees  from  different  sites  and  localities. 

The  study  of  properties  consisted  of  standard  strength  tests  on 
small,  clear  specimens  of  virgin-growth  and  second-growth  redwood 
from  Humboldt  and  Mendocino  Counties,  Calif.  In  addition,  in- 
formation was  obtained  on  shrinkage,  the  abnormal  wood  known  as 
compression  wood,  the  distribution  of  moisture  within  the  tree,  the 
effect  of  moisture  on  the  strength  of  the  wood,  and  the  influence  of 
substances  naturally  present  in  the  wood,  called  extractives  (p.  21). 

SPECIFIC  GRAVITY  SURVEY 

The  specific  gravity  (p.  46)  determinations  were  made  on  many 
small  specimens  from  each  of  56  virgin-growth  and  42  second-growth 
trees.     The  trees  were  selected  in  different  localities  from  sites  (p.  46) 
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that  covered  the  range  of  growth  conditions.  The  site  chisses  for 
virgin  redwood  were  determined  in  accordance  with  accepted  silvi- 
cultural  practice  by  the  total  height  development  of  the  dominant 
trees.  The  average  height  of  the  dominant  trees  on  Site  I  was  251 
feet  and  over;  on  Site  II,  211  to  250  feet;  on  Site  III,  171  to  210 
feet ;  on  Site  IV,  131  to  170  feet ;  and  on  Site  V,  130  feet  and  under. 
With  second-growth  redwood  the  site  classes  were  based  on  the  age 
and  height  development  of  the  dominant  and  codominant  trees  (2). 
Of  the  second-growth  trees  from  ]\lendocino  County,  three  were  from 
open  stands,  which  permitted  unrestricted  crown  development;  the 
others  were  from  normally  well-stocked  stands.  (PL  4.)  The  sec- 
ond-growth trees  from  Humboldt  County  were  all  from  the  same 
stand. 

SPECIFIC  GRAVITY  AND  VARIATION 

Table  1  gives  the  average  results  of  the  si)ecific  gravity  determina- 
tions for  virgin-growth  redwood,  and  affords  a  means  of  comparing 
material  from  different  sites  in  Humboldt  and  Mendocino  Counties. 
Table  2  presents  the  average  results  of  the  specific  gravity  determina- 
tions of  virgin-growth  and  of  second-growth  redwood  without  re- 
gard to  source  of  material. 

Table  1. — Results  of  specific  gravitrj  deternmmtions,  hy  lots  from  differe)it  sites 

of  virgin-growth  red/ivood 


Lot  No. 

Site  class 
No. 

Trees 

Speci- 
mens 

Average 
speciSc 
gravity  i 

Probable  variation  of— 

Place  of  growth 

Individual 

tree  from 

average 

Individual 
specimen 
from  aver- 
age 

TTiimboldt  County 

3 
3 
3 
3 
3 
3 

I 
II 
III 
III 
III 
IV 

Number 
5 
4 
4 
6 
5 
5 

Number 
452 
312 
168 
567 
399 
339 

0.3fi5 
.364 
.375 
.364 
.356 
.357 

Per  cent 
8.16 
8.90 
3.22 
8.30 
.      9.00 
5.  47 

Per  cent 
9.69 

Do                       

8.21 

Do                   

9.34 

Do        

12.  15 

Do          - 

11.94 

Do                      

9.73 

Total  or  avcrace . 

I-IV 

29 

2. 237 

.363 

5.99 

10.  60 

Mendocino  County     

2 

? 

2 

1 
2 

II 
II 
III 
HI 
IV 
IV 

5 
2 

5 
S 
5 
5 

467 
174 
3r)7 
302 
234 
275 

.388 
.393 
.380 
.373 
.374 
.415 

2.95 

9.20 

Do 

11.21 

Do - - 

7.20 
4.33 
1.51 
2.97 

11.17 

Do                

9.82 

Do    

9.86 

Do 

10.79 

Total  or  avcraee    .. 

II-IV 

27 

1.S09 

.387 

5,00 

10.36 

I  Based  on  the  weight  of  the  oven-dry  wood  and  the  vnlump  whm  green. 

Table  2. — Results  of  specific  granlif  iletcrniinatin)is  of  virgin-groirth  and 

sccoiid^growth  redwood 


Type  of  growth 


Virgin  KTowth 

Second  growth,  clusi'Iy  grown. 
Second  growth,  openly  grown. 


Trees 


Number 
50 
31 
11 


Speci- 
mens 


Numhrr 

4,  Oin 

720 

267 


.Vvorngo 
spocilic 
gravity  ' 


0.374 
.356 
.318 


Probable  variation  cf- 


Individual 
tree  from 
average 


Per  cent 
5.  54 
4.10 
4.98 


Individual 
siiiH'imon 

from 
average 


•  Based  on  the  weight  of  the  oven-dry  wood  and  the  volume  when  grcon. 


Per  cent 
10.07 
8.17 
7.98 
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Redwoods  Grow  to  Great  Heights,  many  Exceeding  250  Feet 
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The  last  two  columns  of  Tables  1  and  2  are,  respectively,  percentage 
fi^iures  on  the  estimated  probable  variation  in  specific  gravity  of  an 
individual  tree  as  a  whole  from  the  corresponding  average,  and  of  an 
individual  specimen  of  a  tree  from  the  same  average.  The  ^irob- 
able  variation  is  a  value  such  that  there  is  an  even  chance  that 
a  random  specimen  will  not  be  above  or  below  the  average  by  more 
than  this  amount.  For  example,  the  figure  10.67  per  cent,  given  in 
Table  2  as  the  probable  variation  in  specific  gravity  of  an  individual 
specimen  of  virgin-grown  redwood,  means  that  there  is  1  chance  in 
4  that  a  small  specimen  selected  at  random  will  have  a  specific 
gravity  of  less  than  0.334,  that  is,  0.374-  (0.1067X0.374)  ;  2  chances 
in  4  that  it  will  be  between  0.334  and  0.414,  and  1  chance  in  4  that 
it  will  be  greater  tlian  0.414.  Expressed  in  another  way,  about 
one-half  of  the  specimens  from  the  virgin-growth  redwood  had  a 
specific  gravit}^  between  0.334  and  0.414,  the  other  half  being  divided 
about  equally  above  and  below  these  limits. 

The  estimated  probable  variation  in  specific  gravity  of  an  in- 
dividual virgin-growth  redwood  tree  from  the  average  of  all  trees 
examined  for  the  species  was  5.54  per  cent. 

The  estimated  probable  variation  in  specific  gravity  for  an  in- 
dividual tree  and  for  an  individual  specimen  of  second-growth  red- 
wood was  less  than  for  virgin  growth,  (Table  2.)  This  may,  per- 
haps, be  accounted  for  by  the  smaller  size  of  the  second-growth 
trees  and  the  likelihood  that  because  of  their  j^ounger  age  they  had 
not  encountered  the  range  of  growth  conditions  experienced  by  the 
virgin-growth  trees.  In  addition,  the  greater  amount  of  extractives 
in  the  virgin-growth  redwood  was  also  a  contributory  factor. 

Although  definite  information  is  presented  on  the  variability  of 
redwood,  it  should  be  noted  that  variability  is  not  a  characteristic 
of  redwood  alone  but  is  common  to  all  woods,  and  in  fact  all  ma- 
terial. It  is  important  to  recognize  in  the  manufacture,  grading, 
seasoning,  and  selection  of  wood  for  different  uses  that  all  species 
exhibit  variations  in  the  properties  of  individual  pieces,  but  it 
is  even  more  important  to  know  something  of  the  extent  of  these 
variations.  The  information  presented  on  the  magnitude  of  varia- 
tion in  the  properties  of  redwood,  therefore,  should  be  of  particular 
value  in  the  utilization  of  this  species,  since  by  a  careful  selection 
and  classification  of  material  of  different  characteristics  and  prop- 
erties, the  variability  of  wood,  which  is  usually  regarded  as  a 
liability,  can,  within  limits,  be  made  an  asset.  For  example,  the 
dense  redwood  is  preferable  for  structural  timbers,  whereas  the 
lighter  weight,  slow-growth  redwood  is  preferable  for  such  purposes 
as  pattern  stock. 

SPECIFIC   GRAVITY  AS  AFFECTED   BY   DISTANCE   FROM   PITH 

Large  differences  were  observed  in  the  specific  gravity  of  redwood 
within  cross  sections  of  the  tree  at  any  given  height.  In  some  virgin- 
growth  trees,  at  a  given  height,  a  gradual  decrease  in  specific  gravity 
occurred  in  the  heartwood  from  the  pith  toward  the  circumference, 
in  others  an  increase  took  place,  whereas  in  others  there  was  but 
little  change.  (Fig.  2.)  Toward  the  upper  end  of  the  merchantable 
length,  however,  the  wood  near  the  circumference  was  generally 
lighter  in  weight  than  at  the  pith.  (Fig.  3.)  The  sapwood  through- 
out the  virgin-growth  trees  was  consistently  lighter  in  weight  than 
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the  adjoining  heartwood,  apparently  because  of  the  higher  content 
of  extractives  in  the  heartwood.  The  highest  and  loAvest  specific 
gravities  of  small  specimens  found  in  a  single  tree  of  virgin  growth 
were  0.518  and  0.210,  respectively,  both  samples  coming  from  the 
butt  cut. 

SPECIFIC  GRAVITY  AS  AFFECTED  BY  HEIGHT  IN  TREE 

The  wood  at  the  base  of  the  redwood  trees  (stump  height)  was 
found  to  be  higher  in  specific  gravity  than  that  farther  up  the  stem. 
(Fig.  4.)  The  decrease  in  specific  gravity  with  increasing  height 
in  tree  for  virgin  redwood  was  fairly  rapid  over  the  lower  half  of 
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the  merchantable  l(M)gth  and  more  gradual  toward  the  top.  The 
average  dillerenee  in  specific  gravity  of  butt  and  top  logs  was  about 
15  per  cent,  which  is  sufficient  to  permit  a  judicious  selection  of  ma- 
terial in  manufacture  to  meet  better  the  use  requirements  of  serv- 
ice. For  ('xaiii])Ie,  structural  mat(>rial  that  is  cut  from  the  lower 
logs  of  vir<^in-<i;rowth  redwood  will,  for  given  defect  limitations, 
average  higher  in  strength  than  that  cut  from  logs  higher  in  the  tree. 


SPECinC  GRAVITY  VAKIATION  AMONG  TREES 

In  addition  to  the  variation  of  wood  froui  different  parts  of  the 
same  tree,  redwood,  like  wood  of  other  species,  showed  a  considerable 
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diflFerence  in  specific  gravity  among  different  trees.  The  greatest 
observed  difference  in  average  specific  gravity  between  individual 
trees  of  virgin-growth  redwood  from  a  single  site  was  25  per  cent, 
which  was  based  on  the  heaviest  tree  (fig.  5),  whereas  the  greatest 
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Figure  3. — Variation  in  specific  gravity  with  distance  from  tlie  pitli  for  different 
heights  in  a  selected  virgin-^rrowth  redwood  tree.  The  sharply  downward  trend 
at  the  outer  part  of  the  curves  is  due  to  the  lower  specific  gravity  of  the  sap- 
wood  as  compared  with  fhe  adjoining  heartwood.  The  two  curves  for  each  height 
distinguished  hy  full  and  dotted  lines  represent  specimens  taken  from  opposite 
sides  of  the  pith 

difference  between  individual  trees  throughout  the  entire  range 
was  only  30  per  cent.  The  two  trees  representing  these  extremes 
were  from  the  same  county.  The  data  indicate  that  growth  condi- 
tions as  affecting  individual  trees  within  a  site   and  perhaps  in- 
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herent  differences  in  strains  or  types  of  trees  are  of  greater 
importance  in  causing  variations  in  virgin-growth  redwood  than 
geographical  location  within  the  normal  range. 

SPECIFIC  GRAVITY  AS  AFFECTED  BY  SITE   CLASSIFICATION 

Xo  definite  relation  was  apparent  between  the  conditions  under 
which  the  redwood  trees  were  grown,  as  indicated  by  the  site  classifi- 
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cation  nnmbor  (p.  4),  and  tlie  specific  gravity  of  the  wood.  The 
average  six'cific  gravity  v;ilues  of  all  the  virgiii-growtli  redwood 
trees  from  lliimhnldt  County  were  0.371,  0.370.  0.3(37.  and  0.301  for 
Sites  I,  II,  III,  IV,  and  from  Mendocino  County  0.387,  0.384,  and 
0.394  for  Sites  II.  Ill,  IV,  respectively.  (Fig.  G.) '  If  the  site  quality 
rhiss  is  a  fartoj*  in  infhicncing  the  si)ecific  gt;i\itv  of  redwood,  the  in- 
fhicnce  on  the  ma(('ii;il  samph'd  was  so  sniiill  that  it  is  obscured  by 
otlier  factors.     P^or  exam])le,  the  extent  to  which  a  tree  is  crowded  has 
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a  marked  influence  on  the  character  of  the  wood  produced,  as  shown 
by  the  fact  that  in  the  second-growth  redwood  the  closely  grown 
small-crowned  trees  were  approximately  10  per  cent  higher  in  aver- 
age specific  gravitj^  than  the  large-crowned  openly  grown  trees  {11). 

SPECIFIC   GRAVITY  AS   RELATED   TO  REGION   OF   GROWTH 

The  influence  of  region  of  growth  on   the  specific-gravity  and 
strength  properties,  although  known  to  be  of  appreciable  signifi- 
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Figure  5. — Maximum  range  in  the  average  specific  gravity  at  various  lieigMs  of 
individual  virsin-growtli  redwood  trees  from  single  sites  in  Mendocino  and 
Humboldt  Counties 


cance  in  some  species,  is  often  overestimated.  However,  producers 
have  frequently  recognized  some  difference  in  properties  of  virgin- 
growth  redw^ood  from  the  two  principal  producing  regions,  Hum- 
boldt and  Mendocino  Counties.  The  virgin-growth  redwood  from 
Mendocino  County  which  was  studied  had  an  average  specific  gravity 
of  0,387,'  that  from  Humboldt  County  0.363,  the  difference  being 
about  6  per  cent.  (Table  1.)  Because  of  the  large  differences  in 
individual  pieces  from  the  same  tree  the  average  difference  in  specific 
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^avity  between  counties  gives  no  assurance  that  in  small  shipments 
lighter  or  heavier  material  will  be  obtained  from  one  county  than 
from  the  other.  It  would  appear,  however,  from  the  information 
presented  here  that  large  shipments  of  virgin-growth  redwood  lum- 


0.44 


Uj   0.4Z 

^^ 

_    Uj    0.33 
R    ^ 


0.40 


C;;  ^  0.34 
JO  uj 

^    kl 


k 


0.32 


< 

1 

1 

„ 

( 
1 

> 

1 

( 

< 

1 

• 

11 

( 

< 

> 

CI 

1  i 

r              ^ 

( 

1 

1                                     1 

1 

1 

( 

( 

1 
t 

( 

< 

( 

► 

LEGEND 

ny  1  Ki~riy 

• 

MENDOCINO  COUNTY 

i 

030 


I  II  III  IV 

S/TE  CLASSIFICATION   (NUMBER) 
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bor  from  Mendocino  County  would  average  sliglitly  liighor  in  specific 
gravity  than  those  from  Hiiinboldt  (\iunty. 

Tliere  wiis  no  significant  diUerciicc  in  the  average  specific  gravity 
of  second-growth  redwood  from  Humboldt  and  Mendocino  Counties. 
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SPECIFIC  GRAVITY  AS  RELATED  TO   RATE   OF  GROWTH 

Fi«2:ure  7  shows  the  relation  between  specific  gravity  and  rate  of 
growth  in  the  heartwood.  Rate  of  growth  is  represented  by  the 
number  of  annual  rings  per  inch;  the  greater  the  number  of  rings 
per  inch,  the  slower  the  growth  rate.     (PI,  5.) 

In  general,  the  highest  specific  gravity  is  found  in  redwood  having 
between  9  and  30  rings  per  inch.  Low  specific  gravity  is  most  com- 
monly associated  with  exceptionally  fast  and  exceedingly  slow 
growth  (4).  Very  slow  growth  often  occurs  in  the  outer  portion  of 
mature  virgin  trees. 

Virgin-growth  redwood  from  Humboldt  County  was  found  to  be 
lighter  in  weight  for  the  same  rate  of  growth  than  that  from  Men- 
docino County.  Second-gT-owth  redwood,  on  the  other  hand,  show^ed 
practically  the  same  relation  between  rate  of  growth  and  specific 
gravity  in  one  county  as  in  the  other. 
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130 


Figure  7. — Relation  between  specific  gravity  and  rate  of  growtli  of  the  heartwood 

of  red«  00(1 

EFFECT   OF   SPECIFIC   GRAVITY  ON   THE  UTILITY  OF  SECOND-GROWTH  REDWOOD 

The  average  specific  gravity  of  second-growth  redwood  was  less 
than  that  of  virgin-growth  material.  The  closely  grown  second- 
growth  trees  were  about  5  per  cent  lower  and  the  openly  grown 
second-growth  trees  about  15  per  cent  lower  in  average  specific 
gravity  than  the  virgin  growth.     (Fig.  8.) 

The  significance  of  these  differences  naturally  depends  on  the  ulti- 
mate use  of  the  wood,  and  it  is  obviously  difficult  to  predict  trends 
in  consumption  to  arrive  at  the  use  requirements  of  the  future. 
Considering  the  tree  from  the  standpoint  of  structural  timber,  and 
to  some  extent  of  lumber,  the  advantage  of  wood  of  closely  grown 
material  over  that  from  the  openly  spaced  reproduction  is  apparent. 
Aside  from  the  higher  specific  gravity  of  the  clear  wood  of  virgin- 
growth  redwood,  it  is  of  course  evident  that  young  second-growth 
trees,  because  of  the  prevalence  of  limbs,  can  not  be  expected  to 
yield  so  high  a  grade  of  timber  or  lumber  as  the  virgin-growth 
material. 
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DESCRIPTION  OF  TEST  MATERIAL  AND  METHOD  OF  TESTING  FOR 

STRENGTH 

The  trees  used  for  the  strength  tests  were  selected  in  the  woods  so 
as  to  be  representative  of  the  average  and  the  range  in  specific 
gravity  of  redwood,  as  previously  determined  by  the  specific  gravity 
survey.     (P.   3.)     Logs    from   trees    selected   in   this 


manner   give 
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sti'engfh  data  considered  more  representative  of  redwood  as  a  species 
than  that  from  the  same  number  of  logs  taken  at  random.  Both 
virgin-growth  and  second-growth  material  from  Humboldt  and 
Mendocino  counties  were  included  in  the  strengtii  study.  The  logs 
were  shi|)p('d  in  a  gi'cen  condition  to  the  Forest  Pi'odiicts  Laboratory 
where  they   were  cut   into  small,  clear   s|)ecimens   i'or  testing. 

A  comph'tc  series  of  standard  strength  and  related  tests  (i)  was 
made  on  the  redwood  in  both  the  green  and  air-dry  condition.     Tlie 
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A,  Closely  grown  second-growth  redwood.    B,  Openly  grown  second-growth  redwood. 
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tests  included  specific  gravity,  shrinkage,  static  bending,  impact 
bending,  compression  parallel  to  grain,  compression  perpendicular 
to  grain,  tension  perpendicular  to  grain,  hardness,  and  toughness. 

RESULTS  OF  STRENGTH  TESTS  ON  VIRGIN-GROWTH  REDWOOD 

Tables  3  and  4  present  the  average  results  of  strength  tests  on 
small,  clear  specimens  of  virgin-growth  redwood.  Table  3,  in  ad- 
dition to  presenting  comparative  strength  values  for  redwood,  in- 
cludes strength  figures  for  a  number  of  other  commercial  softwoods 
of  the  United  States  with  which  comparison  may  be  desired.  The 
strength  figures  are  exi)ressed  as  percentages,  redwood  being  taken 
as  100  per  cent.  The  comparative  strength  figures  for  redwood  in 
Table  3  are  obtained  by  making  certain  combinations  of  the  me- 
chanical properties  given  in  Table  4.  The  comparative  strength 
figures  are  based  on  tests  of  both  green  and  air-dried  wood,  and 
consequently  represent  a  combination  of  moisture  conditions.  A 
com})lete  discussion  of  the  method  of  determining  the  comparative 
strength  figures,  together  with  the  data  on  other  species,  is  given  in 
United  States  Department  of  Agriculture  Technical  Bulletin  158 
(8).  Because  the  values  for  redwood  given  in  the  footnote  of  Table 
3  are  based  on  more  comprehensive  tests,  they  supersede  those  given 
in  Technical  Bulletin  158  (<§). 
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Table  4  presents  values  for  redwood  in  a  green  and  air-dry  condi- 
tion. l)ased  on  tests  of  small,  clear  specimens  (1).  The  values  of 
Table  4  are  comparable  to  the  values  for  other  species  given  in  United 
States  Department  of  Agriculture  Bulletin  556  (9)  and  are  used  by 
engineers  and  architects  for  calculating  the  load-carrying  capacity 
of  wood,  and  in  arriving  at  safe  working  stresses  (8)  for  structural 
timbers  containing  defects. 

RESULTS   OF    STRENGTH   TESTS   ON   SECOND-GROWTH    REDWOOD 

There  is  comparatively  little  second-growth  redwood,  and  from  a 
commercial  standpoint  it  is  of  practically  no  importance  at  the  pres- 
ent time.  The  detailed  strength  values  for  second-growth  have 
therefore  been  presented  in  the  Appendix.  The  second-growth  red- 
wood used  for  the  strength  tests  was  classified  according  to  whether 
it  was  from  dense  stands  or  from  openly  grown  stands.  The  second- 
groAvth  redwood  from  the  dense  stands  was  somewhat  lower  in  weight 
and  strength  than  the  virgin-growth  redwood,  but,  like  virgin- 
growth  redwood,  had  relatively  high  strength  values  for  its  weight. 

Relatively  few  second-growth  redwood  trees  from  open  stands  are 
to  be  found.  Those  tested  were  lighter  than  either  virgin-growth 
redwood  or  second-growth  redwood  from  dense  stands,  and  were 
also  lower  in  some  important  strength  properties  than  would  be 
expected  from  their  weight. 

FACTORS  AFFECTING  THE  PROPERTIES  AND  USES  OF  REDWOOD 

Since  second-growth  redwood  is  not  of  commercial  importance  at 
the  present  time,  the  following  discussion  of  properties  and  uses  is 
concerned  chiefly  with  virgin-growth  redwood. 

RELATION  BETWEEN   SPECIFIC  GRAVITY  AND  STRENGTH 

Strength  studies  on  many  species  of  wood  have  shown  that  there  is 
a  definite  relation  between  the  specific  gravity  of  wood  (oven  dry) 
and  its  several  strength  properties  (10).  In  general,  the  higher 
the  weight  of  the  dry  wood,  the  greater  is  the  strength.  This  rela- 
tion of  weight  and  strength  holds  among  the  different  species  of 
wood  and  also  among  individual  boards  of  any  one  species. 

Frequently  a  given  species  is  characteristically  high  or  low  in  dif- 
ferent properties  as  compared  with  other  species  of  the  same  specific 
gravity.  It  is  rare  that  any  species  is,  for  its  weight,  exceptional  in 
all  of  its  strength  properties. 

The  weight-strength  relations  for  individual  boai-ds  of  any  one 
species  are  often  different  from  the  weight-strengtli  relations  based 
on  a  number  of  different  species.  Curves  illustrating  the  relation- 
ship between  specific  gravity  and  a  number  of  strength  properties  of 
virgin-growth  redwood  in  a  green  condition,  based  on  values  of  indi- 
\i(lual  tests,  are  shown  in  r'igures  J)  to  11.  While  tliere  is  a  general 
relation  between  specific  gravity  and  strength,  there  is  still  consider- 
able deviation  of  individual  values  from  the  curve  best  representing 
the  j)lotted  points.     In  the  curves  illustrated,  side  hardness  increases 
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most  rapidly  with  an  increase  in  specific  gravity,  maximum  crushing 
strength  next,  and  modulus  of  rupture  least  rapidly.* 

It  may  be  noted  that  when  a  property  increases  rapidly  with 
specific  gravity,  as,  for  example,  hardness,  a  small  difference  in 
specific  gravity  accounts  for  a  relatively  large  difference  in  that 
property.  Thus  in  redwood,  if  one  board  is  twice  as  high  as  another 
m  specific  gravity,  it  would  be  expected  to  have  not  twice,  but  four 
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Figure  9. — Relation  of  maximum  crushing  strength  of  green  virgin-growth  redwood 

to  specific  gravity 


times  the  hardness,  as  this  property  varies  as  the  square  of  the 
specific  gravity. 

In  bending  strength,  crushing  strength,  and  hardness,  the  values 
for  virgin-growth  redwood  are  somewhat  higher  for  the  specific 
gravity  than  would  be  expected  from  the  average  behavior  of  other 


^  The  equations  for  specific  gravity-strength  curves  for  green  redwood  are  as  follows  : 
Side  hardness  =  2,780  G^\  maximum  crushing  strength  =  22,700  (P^'^^ ;  and  modulus  of  rup- 
ture =31,100  Gf^^.  Among  different  species  the  power  of  Cr  f»>r  these  properties  has  been 
found  to  be  2.25,  1.00,  and  1.25,  respectively ;  Q  in  all  cases  representing  the  specific 
gravity,  oven  dry,  based  on  volume  when  green. 
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species,  while  the  values  for  shock  resistance  as  measured  by  total 
work  in  static  bending  and  height  of  drop  in  impact  bending  are 
somewhat  lower,     (P.  43.) 

RELATION   BETWEEN   MOISTURE   AND   STRENGTH 

Small,  clear  pieces  of  wood  in  drying  from  the  green  condition 
usually  increase  in  most  strength  properties  after  reaching  the  fiber- 
saturation  point,  (P,  43.)  The  amount  of  the  increase  depends 
upon  the  extent  of  the  drying,  the  property  under  consideration, 
and  the  species.  Though  redwood  increases  in  many  strength  prop- 
erties during  seasoning,  the  increase  is  less  than  for  most  species, 
A  few  properties,  j^articularly  those  indicative  of  shock  resistance, 
as  measured  by  total  work  in  static  bending  and  height  of  drop, 
show  for  redwood,  as  for  numerous  other  species,  an  actual  decrease 
due  to  seasoning. 

STRENGTH  AS  RELATED  TO  HEIGHT  IN  TREE 

In  many  species,  the  wood  from  near  the  ground  is  heavier  and 
in  some  strength  properties,  particularly  shock  resistance,  excels 
that  from  higher  in  the  tree.  HoAvever,  this  was  not  so  in  virgin- 
growth  redwood  as  the  butt  cuts,  although  of  slightly  higher  specific 
*rravity  than  the  next  adjoining  logs,  were  actually  somewhat  lower 
m  many  strength  properties.  The  top  logs  were  appreciably  lighter 
and  consistently  lower  in  strength  than  the  butt  cuts  or  material 
directly  above  the  butt.  In  other  words,  the  strongest  virgin-growth 
redwood,  all  properties  considered,  comes  from  just  above  the  butt 
cuts.     (P.  39.) 

MOISTURE    DISTRIBUTION   WITHIN   THE   TREE 

All  living  trees  contain  moisture,  a  considerable  proportion  of 
which  must  usually  be  removed  from  the  lumber  or  other  products 
by  seasoning  to  condition  it  for  service.  The  amount  of  moisture 
found  in  the  tree  varies  greatly  among  different  species,  and  often 
in  different  parts  of  the  same  tree  (6).  Figure  12  illustrates  the 
average  distribution  of  moisture  for  the  heartwood  and  the  sapwood 
throughout  the  height  in  tree,  and  is  based  on  data  from  43  virgin- 
growth  redwood  trees. 

It  is  evident  from  Figure  12  that  the  sapwood  is  appreciably  higher 
in  moisture  content  than  the  heartwood,  and  tends  to  increase  slightly 
ill  moisture  with  height  in  tree.  The  heartwood,  on  the  other  hand, 
decreases  rapidly  in  moisture  content  (p.  45)  fi-oni  a  value  of  about 
150  per  cent  at  the  stump  of  an  avei'age  individual  ti-ee  to  about  CO 
per  cent  at  mid-height,  and  then  maintains  this  condition  fairly  uni- 
formly to  the  top  of  tlie  merchantable  length.  At  the  base  of  the  tree 
the  moisture  content  of  the  heni-twood  increased  appreciably  from  the 
pith  outward,  but  at  a  heiglit  of  00  feet  or  more  it  became  more 
uiiifoiin  throughout  the  cross  section. 

Although  Figure  12,  which  is  based  on  averages,  shows  very  uni- 
foi-m  and  consistent  rchitions,  indivi'hial  trees  may  differ  consider- 
ably from  these  vahies  in  the  amount  and  distribution  of  nioistuie. 

The  relatively  high  moisture  content  of  the  heartwood,  particularly 
in  the  butt  cuts,  necessitates  the  removal  of  large  (puuitities  of  water 
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in  seasoning 


This,  together  with  the  fact  that  the  moisture  moves 
much  more  slowly  from  the  heartwood  than  from  the  sapwood,  ac- 
counts for  the  relatively  slow  drying  of  material  from  the  butt  logs. 
The  difference  in  moisture  content  between  the  butt  and  upper  cuts 
emphasizes  the  desirability  of  avoiding  in  commercial  kiln  drying 


the  mixing  of  both  classes  of  stock. 
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Figure  12. — Average  distribution  of  moisture  content  of  heartwood  and  sapwood  in 
virgin-growth   redwood  trees  relative  to  height 

PROPERTIES  AS  AFFECTED  BY  EXTRACTIVES 

The  wood  of  many  species  contains  considerable  quantities  of  com- 
plex substances,  such  as  resins,  gums,  oils,  and  other  so-called  extrac- 
tives, many  of  which  impart  to  the  wood  special  characteristics  or 
have  an  important  commercial  value.  The  amount  of  extractives 
frequently  varies  greatly  within  a  single  tree.  In  the  virgin-growth 
redwood  trees  examined,  the  greatest  range  in  the  heartwood  extrac- 
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tives  within  a  single  tree  was  from  about  5  to  28  per  cent,  whereas 
the  sapwood  extractive  content  varied  from  about  4  to  8  per  cent, 
based  on  the  weight  of  the  oven-dry  wood.  Second-growth  redwood 
showed  a  smaller  variation.  In  virgin-growth  redwood  the  hot- 
water  extractives  averaged  about  10  to  15  per  cent  for  the  heartwood, 
whereas  in  the  sapwood  the  extractive  content  was  only  about  3  to  6 
per  cent.  The  extractives  in  the  heartwood  of  redwood  are  reddish, 
which  accounts  for  the  distinctive  color  of  the  wood.  Extractives 
affect  the  strength  properties  of  redwood,  the  amount  of  the  effect 
depending  on  the  amount  and  distribution  of  extractives  present,  the 
moisture  condition  of  the  wood,  and  the  particular  strength  property 
under  consideration  {?').  Of  the  properties  studied,  the  compres- 
sive strength  parallel  to  the  grain  and  the  bending  strength  appear 
to  be  increased  by  the  presence  of  extractives;  the  compressive 
strength  to  a  greater  extent.  On  the  other  hand,  shock  resistance 
under  some  conditions  appears  actually  to  be  decreased. 

Considering  the  effect  of  extractives,  it  seems  very  probable  that 
they  are  largely  responsible  for  certain  strength  properties  of  red- 
wood being  relatively  high  while  others  are  lower  than  would  be 
expected  from  the  specific  gravity  of  the  wood;  and  for  the  some- 
what lower  than  normal  increase  in  strength  with  seasoning,  although 
for  more  important  properties  the  strength  when  dry  is  higher  than 
the  weight-strength  relations  would  indicate.  The  relatively  low 
shrinkage  and  high  resistance  to  decay  of  redwood  are  also  probably 
due  to  extractives. 


RADIAL  AND  TANGENTIAL  SHRINKAGE 

For  practically  all  uses,  the  characteristic  shrinking  and  swelling 
of  wootl  with  moisture  changes  are  undesirable,  although  the  degi'ee 
of  shrinkage  permissible  differs  greatly  in  different  uses.  The  rela- 
tively low  shrinkage  of  the  heartwood  across  the  grain  commends 
redwood  for  uses  where  this  property  is  important.  Measurements 
on  virgin-growth  redwood  gave  values  of  average  shrinkage  as  shown 
in  Table  5. 


""■ — Shrinkage  of  vlrglnrgrowth  rcdioood  from  the  (irccn  to  the  oven-dry 
condition,  in  percentage,  based  on  dimensions  tchen  green 


Shrinkage 

Heartwood 

Sapwood 

Radial                           .  .         

2.4 
4.0 
6.7 

3.2 
5.2 

Tangpntial 

VoliiiiK'tric 

The  shrinkage  from  the  green  condition  to  an  air-dry  condition  of 
approximately  12  per  oont  moisture  would  be  about  one-half  of  that 


given 


The  sapwood  of  both  virgin-growth  and  second-growth  redwood 
shrinks  considerably  more  than  the  heartwood,  but  since  virgin- 
groAvtli  ipdw()(td  has  only  a  nari'ow  band  of  sapwood.  most  of  wliioh 
is  removed  in  nianufacliirc.  the  sliriiikage  of  the  lu-artwood  is  the 
more  important.     The  radial  and  tangential  shrinkage  of  the  sap- 
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"wood  of  virgin-growth  redwood  corresponds  very  closely  with  that 
to  be  expected  from  the  specific  gravity  or  weight,  whereas  the  heart- 
wood  shrinks  only  about  65  per  cent  as  much  as  would  be  expected 
from  its  specific  gravity. 

Since  the  heartAvood  and  sapwood  are  from  all  appearances  struc- 
turally the  same,  and  the  primary  difference  between  heartwood  and 
sapwood  is  extractives,  it  would  seem  that  the  extractives  are  the 
cause  of  the  relatively  low  shrinkage  of  the  heartwood.  Certain 
sugars  injected  into  wood  will  materially  reduce  the  shrinkage,  and 
it  is  possible  that  extractives  in  redwood  act  in  a  similar  manner  in 
reducing  shrinkage. 

COMPRESSION   WOOD  AND   ENDWISE  SHRINKAGE 

Compression  wood,  which  is  found  in  redwood  and  other  softwoods, 
is  an  abnormal  grow^th  frequently  occurring  on  the  underside  of  lean- 
ing trees  and  limbs  of  the  various  softw^ood  (coniferous)  species.  It 
is  denser  and  harder  than  the  normal  wood,  is  characterized  by  wide 
annual-growth  rings,  and  includes  what  appears  to  be  an  excessive 
summer-w^ood  growth.  The  contrast  in  color  between  spring  wood 
and  summer  wood  is  usually  less  in  compression  wood  than  in  normal 
wood.     (PI.  6.) 

Of  the  50  virgin-growth  trees  examined  in  the  specific  gravity  sur- 
vey (p.  3),  62  per  cent  contained  some  compression  wood.  However, 
out  of  a  total  of  4,046  specimens  2  by  2  inches  square,  cut  from  the  56 
virgin  trees,  only  3.7  per  cent  contained  compression  wood;  that  is, 
when  compression  wood  w^as  present  it  usually  made  up  but  a  very 
small  proportion  of  the  total  volume  of  the  trees. 

The  endwise,  or  longitudinal,  shrinkage  in  the  normal  wood  of 
practically  all  species  including  redwood  is  so  small  as  to  be  relatively 
unimportant.  Compression  wood,  however,  has  an  endwise  shrink- 
age so  great  as  to  materially  affect  its  use.  The  maximum  endwise 
shrinkage  in  compression  wood  in  the  redwood  studied  was  1.6  per 
cent  from  a  green  to  an  oven-dry  condition,  an  equivalent  of  slightly 
over  3  inches  in  a  16-fo()t  board  if  it  were  oven  dried  from  a  green 
condition  (S). 

That  the  bulk  of  redwood  does  not  shrink  excessively  along  the 
grain  is  shown  in  Table  6,  in  which  are  given,  for  both  virgin-growth 
and  second-growth,  the  percentage  of  the  total  number  of  specimens 
falling  within  narrow  shrinkage  classes.  This  table  shows  that  out 
of  438  specimens  of  virgin-growth  redwood,  85.8  per  cent  shrank  less 
than  0.2  per  cent  along  the  grain  in  drying  from  the  green  to  the 
oven-dry  condition.  In  drying  to  an  air-dry  condition  of  about  12 
per  cent  moisture  content,  only  about  one-half  as  much  shrinkage 
would  occur. 
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Table  6. — Frequency  disMhuti.(m  of  lon0tudinal  shrinkage  of  redwood 


Shrinkage  class  i 


0  to  0.04 
0.05  to  0. 
0.10  too 
0.15  to  a 
0.20  to  0 
0.25  to  0 
0.30  to  0, 
0.35  to  0, 
0.40  to  0, 
0.45  to  0. 
0.50  to  0, 
0.55  to  0 
0.60  to  0 
0.65  to  0, 
0.70  to  0, 
0.80  to  0 
0.90  to  0, 


per  cent 

.09  percent. 
.14  per  cent. 
.19  percent. 
.24  per  cent. 
.29  per  cent. 
.34  per  cent. 
.39  per  cent. 
.44  per  cent. 
,49  per  cent. 
..54  per  cent. 
.59  per  cent. 
.64  per  cent. 
.69  per  cent. 
.79  per  cent. 
.89  per  cent. 
.99  per  cent. 


Virgin  growth  ^ 


In  class 


Per  cent 

3.8 

25.6 

40.4 

16.  0 

4.5 

3.2 

1.6 

1.4 

.5 

.9 

.5 

.7 

.9 


In  class 

and 

below 


Per  cent 
3.8 
29.4 
69.8 
85.8 
90.3 
93.5 
95.1 
96.5 
97.0 
97.9 
98.4 
99.1 
100.0 


Second  growth 


Closely  grown  3  Openly  grown  ♦ 


In  class 

Per  cent 

20.2 

7.1 

26.5 

10.7 

19.1 

2.2 

4.1 

1.9 

1.6 

1.4 

1.4 

1.6 

0.0 

.3 

.6 

.8 

.5 

In  class 

and 

below 


In  class 


r  cent 

Per  cent 

Per  cent 

20.2 

4.3 

4.3 

27.3 

18.1 

22.4 

53.8 

12.9 

35.3 

64.5 

20.7 

56.0 

83.6 

14.  € 

70.6 

85.8 

6.0 

76.6 

89.9 

5.3 

81.9 

91.8 

6.0 

87.9 

93.4 

1.7 

89.6 

94.8 

2.6 

92.3 

96.2 

1.7 

94.0 

97.8 

1.7 

95.7 

97.8 

.9 

96.6 

98.1 

1.7 

98.2 

98.7 

.9 

99.  1 

99.5 

.9 

100.0 

100.0 

In  class 

and 

below 


•  The  average  shrinkage  per  specimen  was  0.145  per  cent  for  virgin  growth,  0.165  for  closely  grown  second 
growth,  and  0.  219  for  openly  grown  second  growth. 

2  Based  on  438  specimens. 

3  Based  on  366  specimens. 

*  Based  on  116  specimens. 

'\Aniere  compression  wood  is  present  in  the  same  board  with  normal 
wood,  the  unequal  endwise  shrinkage  in  the  two  parts  causes  bowing 
and  crooking,  which  is  usually  a  more  serious  disadvantage  than 
direct  shortening.  Material  containing  pronounced  compression 
wood  is  undesirable  for  practically  all  lumber  uses  and  should  be 
rejected. 

COMPARISON  OF  THE  STRENGTH  OF  COMPRESSION  WOOD  AND  NORMAL  REDWOOD 

Strength  tests  were  made  both  on  normal  redwood  and  on  pro- 
nounced compressi(m  wood  from  the  same  trees,  (Table  7.) 
Although  the  comi)ression  wood  averaged  about  35  per  cent  higher 
in  specific  gravity  than  the  normal  wood,  it  was  actually  lower  in  a 
number  of  strength  properties,  being  decidedly  lower  in  stiffness. 
In  those  properties  in  whicli  it  did  excel  normal  wood  it  was  in  most 
cases  but  little  better.  Weiglit  for  weight,  it  was  much  inferior  to 
normal  wood  in  all  properties  studied. 

Table  7. — Ratio  of  xtreiujth  of  compression  wood  to  normal  wood  for  virgin- 
growth  redwood 


Property 


Specific  KHivity  ' 

Static  bending: 

Mo(kiliis  of  rupture 

Modulus  of  eliisticity 

Work  to  iirixiiniim  loarl 

Con)i)rcsslon  parallel  to  grain:  Maximum  crushing  strength 

Toughness 

'  Based  on  the  weight  of  the  ovon-dry  wood  and  volume  when  green 


Ratio  of  compression 
wood  to  normal  wood 
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SUMMARY 

The  redwood  studied  was  hif?her  in  such  properties  as  bending 
strength,  crushing  strength,  and  hardness  than  would  be  expected 
from  its  specific  gravity,  while  in  shock  resistance  it  was  usually 
somewhat  lower. 

Redwood  in  the  form  of  small  specimens  increased  in  strength  in 
drying,  although  the  relative  increase  was  less  than  for  most  species. 
A  few  properties,  particularly  those  indicative  of  shock-resisting 
ability  frequently  shoAved  a  decrease  due  to  drying. 

The  virgin-growth  redwood  from  Mendocino  County  was  somewhat 
stronger  than  that  from  Humboldt  County,  but  the  differences  in 
most  strength  properties  were  not  so  great  as  would  be  expected  from 
the  differences  in  weight. 

The  strongest  virgin-growth  redwood,  all  properties  considered, 
came  from  just  above  the  butt  log. 

The  moisture  in  the  heartwood  of  the  virgin-growth  redwood 
studied  varied  from  an  average  of  about  140  to  175  per  cent  at  the 
stump  of  individual  trees,  to  about  60  per  cent  at  mid  height,  beyond 
which  point  it  remained  almost  uniform  throughout  the  rest  of  the 
tree.  The  moisture  in  the  sapwood  averaged  over  200  per  cent 
throughout  the  entire  height  of  the  tree. 

The  extractives  in  the  wood  affected  the  strength  of  the  redwood 
studied,  increasing  such  properties  as  bending  strength  and  com- 
pressive strength,  while  shock  resistance  under  some  conditions  was 
actually  decreased. 

The  shrinkage  across  the  grain  of  the  heartwood  of  the  redwood 
studied  was  relatively  low.  The  low  shrinkage  appeared  to  be  due 
primarily  to  the  extractives  in  the  heartwood,  as  the  sapwood,  which 
had  a  lower  extractive  content,  was  considerably  higher  in  shrinkage. 

Occasional  pieces  of  redwood,  like  those  of  other  softwood  species, 
contained  compression  wood  in  varying  degrees.  Compression  wood 
has  a  much  higher  endwise  shrinkage  than  normal  wood  and  is  also 
deficient  in  strength  for  its  weight  and  therefore  boards  containing 
much  of  it  should  be  discarded  for  most  lumber  uses. 

APPENDIX 

DETAILED     DATA     FROM     THE     SPECIFIC     GRAVITY     SURVEY 

COLLECTION    OF    SAMPLES 

The  samples  collected  in  the  specific  jxravity  survey  consisted  of  whole  or 
partial  cross  sections  taken  at  different  heights  from  each  of  27  virgin-growth 
and  24  second-growth  trees  from  Mendocino  County  and  from  29  virgin-growth 
and  18  second-growth  trees  from  Humboldt  County,  Calif.  From  these  sections, 
approximately  4,000  specific  gravity  specimens  were  taken  for  tlie  virgin-growth 
material  and  l,.'^0O  for  the  second-growth.  The  second-growth  trees  consisted 
of  31  closely  growii  and  11  openly  grown  trees. 

IIETHOD 

Partial  sections  including  the  pitli  and  a  little  more  than  half  the  cross 
section  of  the  log  were  obtained  from  the  virgin-growth  trees.  (Fig.  13.) 
These  sections  were  approximately  6  inches  in  length  (along  the  grain),  and 
were  sawed  out  at  average  heights  of  4,  23,  60,  104,  148,  and  188  feet  above 
the  ground.     (Fig.  14.)     Specific  gravity  specimens  approximately  2  by  2  by  6 
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inches  in  size  were  cut  from  these  partial  sections  from  bark  to  bark,  along  a 
diametrical  line.  The  specific  gravity  determinations,  based  on  green  volume 
and  oven-dry  weight,  were  made  at  temporary  field  headquarters.  The  speci- 
mens were  then  sent  to  the  Forest  Products  Laboratory  where  specific  gravity 
determinations,  based  on  oven-dry  volume  and 
weight,  were  made. 

The  sections  Iroiii  the  second-growth  I'edwood 
trees  comprised  the  entire  cross  section  of  the  log 
and  were  taken  at  heights  of  approximately  2, 
14,  37,  and  02  feet  above  the  ground.  Specific 
gravity  specimens  iibout  2  by  2  by  6  inches  in 
size  were  taken  tli rough  the  pith  from  bark  to  bark. 

The  second-growtli  redwood  sections  were  .sent 
to  the  Forest  Products  Laboratory  to  have  their 
specific  gravity  determined.  The  sections  from 
the  second-growth  trees  were  cut  1  to  1%  feet  in 
length  to  make  it  possible,  despite  some  loss  of 
nioi.sture  fi'oni  the  ends  during  transit,  to  obtain 
green  material  for  the  specific  gravity  tests. 

The  specific  gravity  determinations  were  made 
by     the     immersion     method     (1).       Volumetric- 


shrinkage  measurements   from   the  green 


oven-dry  condition 
of  this  procedure. 


were  also  obtained  as 


RESULTS 


to  the 
a  part 


Table  8  gives  values  of  the  probable  varia- 
tion in  the  specific  gravity  of  virgin-growth 
redwood  in  individual  specimens  by  trees,  .sites, 
lots,  and  counties   and   in   individual  trees  with 
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FiornE  1.3. — Diasram  showing  mothod  of 
taking  specific  gravity  specimens  from 
bark   to    bark    across    Inn-    sections 


Figure  14. — Diagram  show- 
ing position  of  sections 
taken  at  various  tree 
heights 


similar  grouping.  Table  S  also  shows  the  effect  on  specific  gravity  and 
its  variation  when  pieces  containing  compression  wood  are  rejected.  In  addi- 
tion, it  permits  a  comparison  of  redwood  from  the  whole  tree  with  that  from 
the  second  log. 
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The  figures  for  probable  variation  are  expressed  in  percentages  of  the  cor- 
responding average  specific  gravities  to  simplify  comparisons.  In  calculating 
the  probable  variation  of  an  individual  specimen  from  the  average,  the  usual 
formula  was  used,  which  assumes  a  noi'mal  distribution,  as  follows : 

Probable  variation  ^0.6745^/=^ 

V   n 
Where  r=residual  between  average  specific  gravity  and  each  observed  value 
?!=total  number  of  specimens. 
In  calculating  the  probable  variation  of  an  individual  tree  from  the  average 
of  the  different  tree  groupings,   correction  was  made  for   size   of  sample  by 

multiplying  the  probable  variation  by      -v/^j^'    where  n  equals  number  of 
samples  (12). 

DETAILED  DATA  ON  STRENGTH  AND  ASSOCIATED  PROPERTIES  OF  REDWOOD 

SELECTION  OF  TKEES  FOR  STKENGTH  TESTS 

Specific  gravity  determinations  were  made  in  the  field  on  about  three  times 
the  number  of  trees  required  for  the  strength  tests.  The  specific  gravity  deter- 
minations for  each  tree  were  confined  to  specimens  from  a  section  taken  about 
20  feet  above  the  ground.  The  specimens  were  cut  consecutively  from  bark 
to  bark  through  the  pith.  This  method  gave  results  regarded  as  representative 
of  the  tree,  and  only  those  trees  which  best  represented  the  range  and  average 
specific  gravity  of  the  species,  as  determined  by  the  specific  gravity  survey 
(p.  3),  were  selected  for  the  strength  tests. 

All  logs  chosen  were  from  freshly  cut  trees  and  had  the  bark  intact.  It  is 
common  i)ractice  in  the  redwoods  to  peel  the  logs  and  then  burn  over  the  logged 
area  or  else  first  burn  and  then  peel.  Either  method  results  in  a  large  reduction 
of  moisture  in  the  logs,  and  the  logs  no  longer  remain  representative  of  green 
stock.  As  green  material  is  essential  for  the  strength  tests,  the  logs  for  this 
purpose  could  not  be  selected  at  the  time  of  the  usual  logging  operations  but 
were  cut  and  transported  from  the  woods  in  advance  of  the  main  cut.  A 
full  and  complete  description  of  the  trees  and  sites  was  also  desired,  and  it  was 
possible  to  obtain  this  only  by  working  ahead  of  the  regular  logging  operations. 

'I'lie  selection  of  second-growth  trees  was  based  on  specific  gravity  determina- 
tions made  on  increment  borings  obtained  in  the  usual  manner.  As  second- 
growth  redwood  is  not  now  being  cut  commercially,  the  increment-boring  method 
eliminated  the  necessity  of  cutting  and  sampling  more  second-growth  than  would 
actually  be  used  for  test  purposes. 

STRENGTH   OF  REDWOOD 

Table  9  presents  actual  test  results  for  virgin-growth  and  second-growth  red- 
wood, together  with  a  percentage  figui-e  representing  the  relation  of  these  actual 
results  to  the  value  which  would  be  expected  for  the  species  on  the  basis  of  the 
specific  gravity-strength  equation  for  the  corresponding  property.  The  equation 
value  was  obtiiined  by  sul)stituting  the  specific  gravity  of  redwood  in  the  pi"e- 
viously  established  general  formulas  expressing  the  relation  of  specific  gravity 
to  strength  as  detei-mined  by  tests  on  KU;  species  (8).  The  percentage  figures 
given  are  usel'ul  in  considering  the  degree  to  which  redwood  differs,  weight 
for  weight,  from  the  general  average  trend  of  other  species. 

Table  1(»  gives  data  on  the  meciianical  properties  of  virgin-growth  redwood  by 
counties ;  Tal)le  11  data  on  the  mechanical  proixirties  of  virgin-growth  redwood 
as  related  to  height  in  tree. 


THE    STRENGTH    AND   EELATED   PROPERTIES    OF    REDWOOD 


35 


«0 


CO 

s 


o 


00  -i. 


55 


53) 


G> 


-2  O 

•b  O 

Si  <» 

•e  00 

•r  ==) 

B  1— 

,  O 

s  ^^ 

o  S 

00  s 

s 
Si 


<ii 


00 
<» 


a> 


CO 

itOC^GOCOiO      1             lOOt-QC^ 
.^.-.00-^^      .             10305005 

fi 

0 

^ 

♦J 

!  ^*  ^    ■  ^  ^    I        ,**._;* 

0 

03 

& 

>! 

tf 

o.-q      ,. 

00 

tO«       .-1     . 

1    .    1    1    1 0 

oScococo    .     .      Oco^    .    . 

ja 

■a 

Descri] 

tion  an 

test 

value! 

CC      1 

T3 

1    !    1    1    1  Di 

COC^-^t^      .-<*<      1         COOOOCSO 

0 

CD 

0 

0    . 

O'j'-co                 I      cicor-T 

a 

0 

.  C^  0  »0  05  .-.  CO             .  00  "0  1^ -^ 
.(M  C^l --.  !M  ^  I^             .  0  C^  03  0 

a 

0 

^ 

+j 

X) 

0 

0 

ca 

.2 

I 

« 

■o 

!>. 

Cl-'S        CO 

00 

00t>-         W5      1 

1    1    1    .'    1  0 

OOO'i<Qt~00         I^OOCNtO 

»or^'-tc>i"5    .    .      Tf. 00 1^    .    . 

tl^ 

CO      1 

^ 

S 

C3 

0      ' 

1      1      .      .      1<N 

cOTfco— 1    .>raco      coo^jicoo 

0 

O^OO^h"                                      OOir^ 

U 

t^ 

0 

.  N  ■tj<  0  0  t^ -^             i-^COOOi 
1  CO  C^  <M  Tt<  0  t^             lOMOiCn 

^ 

+-3 

03 

.  ^  r-H  r-H  r-H  r-4       '                .  r-H  ^ 

0 

be 

tf 

^— *-^ 

ft'2     M 

«00 

tool      01 

.    .    1    1    lo 

»oooor^05co      oooocDoo 

3 

■g§1^§ 

r^_ 

rt  (N         ■<(<      . 

OOOOiCO      .      .         OiOCO      .      . 

-•C3 

1    1    1    1    Ici 

-1*05^00      .  CO  00         -"TC^COCOOO 

bfl 

0    q 

03 

0      ' 

.            1            1            .            1     T-H 

.    -    -    -W                  .----< 

Ui 

sg-? 

OCOO^                         OO-H 

> 

0-B    " 

' V— ' 

3 

0 

.COCl-*^Tt*Tt<T:JH             .CDOCOOO 

i(N<N05r-0lt-            p^OCOO 

'+J 

0 

ea 

1. — 1. — I            . — .T— 1                           1.— 1>-H. — \   t — 1 

« 

a.'3      M 

00 

COCO        Oi  0 

COCO  CO  0  OCO 

l^OOC^OO— iTf         C^OCOCO-H 

-a 

(M— . 

-r?* 

C5iOO-.t<CO      .      .         03  CO  Tj^      .      , 

^3 

.  M 

CO  C^  »-t  0  Tj*  ^ 

C^I^COCO      .iOCO         C40000C^'<*< 

a» 

r- 

0      . 

.       .      ^         0                               .       -                  .-H 

0 
1 

a 
0 

OS     " 

0 

OCS  Tl-                               O-O 

Q 

_o 

looooiiraMC-j         Ic^NiOrH 

t  T^  CO  CS  10  C^  Oi            1  w  cs  c^  ^ 

3 

0 
0 

ta 

1  r-H  .-H  T-H  i-H  r-I       '                1  .-I  .-H  i-H  .-H 

0 

<1) 

CO 

« 

' — 

00 

00  t^         CO  -^ 

-t^  0  ^  Oi  "^  (N 

T-H  0  0  C^l  CO  ^  CO         -T^OOO^OOO 

•C  S«  2 
0  "  w  3 

CO  0 

T-H 

COCOCOOI^      .      .         COCOOO      .      . 

CD 

'O 

.  CO 

t~  IM  M  10  ^  .-. 

CO  »0  0  0     .coo        CO  (N  ^  (N  t^ 

55 

0    . 

...      .0           hH                .       .      .          rH 

0 

^  3  o:":3 

oi  >?  *^   03 

0 

OCO  CO  .-.                            Ot^  T-t 

0 

Q-2      > 

t^ 

0 

II!!!' 

.COOOOOt^t^O             .(MCOCOTtH 

1      r      1      1      t      1 

.  <;  CO  CS|  Oi  0  Oi             1  C^  01  (M  05 

& 

■■§ 

1    !    !    1    1    1 

I  rt  -; ,-;  -h"  .-;   ■       I  ^  ^^  _;  • 

0 
g 

« 

^^L^ 

1    !    I    1    !    1 

crip- 
and 

;st 
ues 

-GO 

CD  05         05  0 

I^  C-l  -.^  (M  0  C^ 

GOOOCOGO^-H         COOO<M05 

r^ 

•-^oi      m  — 

COC-10(^«      .      .         OiOlrt      .      . 

'S 

.T3 

ci^ 

CO  CO  (N  >0  ^  r-t 

COOOiO^      .1^^         C005"^C0O 

.ti 

0 

«3            «. 

o-*!-"^"                  c5od.-r 

> 

v_^_. 

ci  !  ;  :  :  : 

1    1    1    1    1    1    1       !    1    1    1    1 

® 

® 

».. 

ht   ;    ;    1    1    ; 

1    1    1    I    '    1    1       !    1    '    '    1 

3 

1    1    l-d    '    1    1       1    l-d    '    1 

«    1    !    1    1    ! 

"j3                   "x: 

J3    1    !    1    1    ! 

..inoi.       1.30. 

p=    1    !    1    1    ! 

.     ,     ,—  3     1     '           .     ,—  3     . 

4^ 

CO      .      I      t      1      1 

C    !    !    :    I    ! 
.2    1    1    1    1    1 

tJ      b  0                  0  "a  ci 

.s  IBs     \     .S32 

•a 

*« 

0    '    '    '    '    ' 

12  ;^S  1  1     i£^g  1 

®    I    I    !    I    I 

'  a    'tHiH    1    I        '03^.,%.,    ' 

a  :  i  :  :  i 

:3a>a>                     3ffl<c 

;  5.  1  aft  1   I       :  Saa  1 

'S    ;    ;    ;    ;    ' 

'i^'cncc''          'Mmc«' 

«4— 1            1            1            I            1            ' 

;  i-j   i-cts               •ri'C'o   1 

0   I   !   I   I   ; 

IgfiO                  l«33 
i  »    .  3  3     .     .         i  P-3  3     . 

-jj   1   J   1   1  +j 

<D  0  0  0   C   en 

'W.OO..            'CAiOOl 

T30ftP.OO             TSftftM 

O'O'O'O'O  C> 

,  g-so  A-ciTS       .  So  A  2 

fc-      '      '      '      '  tj 

'  3     'o'^     1     '         '  3073-3 

«  '  '  :  '  oi 

1(2  :S«  1  i     i(2Sll 

fH  i  ;  :  :ph 

i  i  i  i  1  1  Is  :  i  :  ici 

t 
1 

ii  0 

c  limit... 

y- -- 

t 

load 

nd  hamn 
c  limit-.. 

y --- 

t 

ete  failur 

'    '     ■*'    1 

tJ§^ 

1  M  H  'r",  B  S     1  0     1  m  '3  P  3" 

1 
1 

Trees.. 

Rings  per  inch... 
cific  gravity: 
Volume  as  tested 
Oven-dry  volume 
inkaee: 

ume 

1— sapwood 
1— heartwoo 
ntial— sapw 
ntial — hearl 

3ontent 

dine: 

ic  gravity., 
stress  at  ela 
lus  of  ruptu 
lus  of  elastii 
to  elastic  lii 
to  niaximui 

total 

nding  (50-p 
ic  gravity., 
stress  at  ela 
lus  of  elasti 
to  elastic  li: 
causing  con 

i  1 

^  a 

In  vol 
Radia 
Radia 
Tange 
Tange 
isture  ( 
tic  ben 

Specif 
Fiber 
Modu 
Modu 
Work 
Work 
Work 
Impact  be 
Specif 
Fiber 
Modu 
Work 
Drop 

°  2 

02          OJ 

0  (S 

3 
o 


3 
C3 

a 
ty 
o 

>, 

X3 


.g 
a 


3 
3 

'6 

03 

+H 

M 

W 

S 

b£ 

0  t> 

■a 

Si 

ffl 

iT) 

taj 

3 

0 

t3 

•v 

® 

0 
a) 

U 

2  ° 

M 

H 

03 

C3 

be 

& 

0 

CO 

0 

0 
ft 

n 

r- 

VI 

0 

3 

0 

frH 

0 

6 

^ 

8 

-a 
3 
(1) 

0 

Pi 

.h 

tH 

ca 

CC 

0 

ft 

fp 

QJ 

3 
0 

03 

C3 

o3 

t/i 

f-" 

.,  , 

a< 

u 

Lm 
^ 

0 

ft 

r.^ 

P 

$ 

a 
0 

tH 

as 

rt 

0 

•a 
0 
n 

ft 
<0 

bJJ 

a 

& 

js 

>. 

■a 
3 

'S 

ii 

53 

0 

G 

-4H> 

j; 

.^ 

0 

^ 

0 

^ 

3 

ft 

g 

t:; 

'nl 

M 

0 

> 

y 

tH 

0 

r> 

0 

«*i 

n 

aj 

d 

3 

OJ 

X2 

0 

0 

J 

0 

en 

c/l 

Gl 

m 

Ll 

rt 

> 

s 

<*H 
0 

-*-3 

+j 

t— 1 

0 
^ 

0 
0 

<aj 

CI) 

-«^ 

a» 

j=^ 

c5 

>■ 

eHtHPi 

<- 

36 


TECHNICAL  BULLETIN    3  0  5,   U.   S.  DEPT.   OF  AGRICULTURE 


•o 


03 


1C2S:S 


y  ^  v;   ^ 

PS      > 


COOOO 
O  :ri  «Z;  C>1 
CC  'sC  X  cc 


c^  ^ 


00  — o 
56  ^  r^ 


»OTt*  -—  C5  O 
OCi  -^  50  ■<* 
CC  O  CC  CO  cc 


:  =  S 


£.■§  CO 

^.2      > 


o 

"a 


^  N  t^  CD 

CO  00  C^  w 


—  CO 

CO  ;o 


COOi  CO 
CO  CO  CO 

Oi  CI  Oi 


Qor^  CO 
F-(  CO  r^ 

IMCO  C^) 


r^-  o  CO  CD  -^ 

•"J"  M  X  CM  o 

CO  i--  CO  "<»<  -^ 


CMOOO 
O  ■-*"  O  iC 
■-^  t--  C^  iC 


r-  CO  uo 

»0  CO  Tf 

Oi  a  o> 


CMOCD 

CO  -^  CO 


Soooo 
O  o:  l^  00 
^^  00  ^^  ^}^  ^^ 


03 


•4-a 

c3 


O  NCDCD^ 
Oi  o  .  .  . 
i-o       CO  c;  ^  (N 

.  CS  CO  CO 


o      »o  r-  CO  lo 

CS        'rr      .     .      . 

CO         CO  <3  CO  -^ 
.  -^  CO  lO 

o     o 


CO  O  CD  CM 
.  -^  t-  CD 


CMO  O-^ 

GTj  c^  c^  ^- 
c^^  X  CO  1^ 


CO  '^ 
CI  ^ 

c-^co 


^  CO  CQ 

00  o  -^ 

lO  t^  CO 


lO  <*  ■^ 
CMco?5 


CM  GC  OCl  ■<** 
Ci  oc  r  -  Ci  X 
CM  CO  CM  CM  C^ 


s? 


0-.  c^<  C-.    .    .    . 

O*  '^  O)  ?C  LO  o 

.     .  .  ^  »o  tC 

c*  o 


r^  o      o  GO  >o  « 

O  en      M<     .    .    . 

CC  C^l         CO  (N  Tj*  00 


X3 


a 

u 

OS 


bfi 

a 
a 

a 
o 

•o 
.£ 

ft 

a! 

•O 
OS 

o 


'-ja 


^  o 

«.? 

o  a> 

■"  > 
--  o 


c  — a 


THE    STRENGTH    AND   RELATED    PROPERTIES    OF    REDWOOD 


37 


•      <00         00      1 

t^  0  00  (M  CS  t^  CO 

OOOOiOiO         OOOlO         t^'Tj* 

io  Men 
cino  to 
mboldt 
ounty 

,      ,<N        O      1 

0  -hOO  cs-^o 

^oo-ho      000^      0^ 

-o 

*j 

GO  t^  «:>      oi    ' 

.     .     (     1     .  c^ 

C^JOOOtC-*  CO 

ooo'C-^^t^co      CO  0  0  CD      Oicn 

2  >> 

(N        «      1 

05  tP  00  CO  00      .      . 

0O^<N..        oOCS-Ot-        gor-^ 

-2 
V 

u 

a§ 

C)     i 

CO  to  asco    .000 
0*  :D  oTr-T 

cooococox)      CO  CO  0 '^      cooo 

0  ■oT'-r          O'r'ic.-r    0 

< 

5" 

o 

.a>. 

t^OS  M         <M      i 

I       1       1       I       I  C^) 

000  00  -^  *o  0 

i>-oooco      0000      w^O 

^         "         -f      1 

r-lO  >OCOC^       . 

(MOO      .      .         r^COOCO         ^CO 

o  ■♦-> 

^  C^^QO      .t^Oi 

'i^CDI-COCD          ■^'X'^CO         -^OS 

o  a 
n  3 

a           o    ' 

^                 1 

0  r-  0  -1 

00" -T             d-^^^     0 

a  o 

o                 1 

CO              e^ 

o/o 

§ 

io  Men- 
cino  to 
mboldt 
ounty 

1      1  (M        OO  CO 

Ci<X)0<£>0      ' 

0  O^-^OQO  ^  0 

oooocsoo 

t-^OCOCOCft         0  00  tJh  0         00 

1      1  CC        OO 

000000    1 

000.-H0      -^000      00 

2  >> 

oot^ «       C-H 

00  i-H  CO  CO  T-i  0 

0  0  0  "O  Tf  ■*  1^ 

0  0  Oi  0  0         — •  0  0  10         »0  CO 

C>1         t>-  ^ 

(N 

I^  W  lOt^  0 

r^c^oo    .    .      coco<-HC<i      t—oi 

a 

•^1 
5o 

C<3->»< 

OM  C^iO-^  rH 

CO  to  CO  ^     .  t^  c^ 

COiOCOCOO        cO»Oi— '-rt*         C0»0 

O 

OO 

0  rjrt^-^-"^     "^ 

-      .    -       CS           .     -    *    ^ 

OX  ^                          OCO-*  r-           0 

H 

o 

(3 

r^  CI  fo      o  oi 

t^  CC  CO  00  b-  -"^ 

100  OQO  CO  0  10 

t^  0  ^  "^  X          GOOOO         iO '^ 

.3  >> 

2          ^^ 

0 

0  COTt*  t^  CO      . 

0.-HCO      .      .         OiOOCiiO         Oi  0^ 

o*j 

CO  CO  CS -«*<  CO  rH 

^OtOr-        .1^^ 

'^CO^COi-'         COX<MiO         CO  »o 

o  a 

t3  3 

a           o   . 

rt                    o 

«      CO      CO      « 

0  0  r^  i-H 

.     ^    *       C^           .     ..    -    ^ 

OOii— 1                     0  CO -^ --H         0 

0  = 

o 

^             '     CO 

o^O 

^, 

a    '    '    '    '    ! 

Q^ 

•3^ 

1_      1     1     1     1     1 

^  I    I    i    1    I 

J^'    !    !    I    1    1 

1     1     l-^)     '     I 

i  i'^'  '  i     i  i  !•«'     i  i 

i> 

"ja 

OJ3                                0 

■*-3 

-^                  ! 

1    1    1  a  0   1 

1    .  a  0             la 

n 

^  :  :  ;  :  : 

en     1     '     ■     '     ' 

p^  I  !  I  :  ! 

.2    I    I    I    !    I 

.    .    ■•'^  a    1 

1   1—'  a -       1   . 

P 

inch 

uare 
bic  i 

inch 

uare 
bic  i 

inch 
uare 

inch 

'w      '      '      '      1      1 

m     1  c?3 
IS     .mo    , 

\sSa  1     12  la*     i£ 

0                 I 

'  C3     [  t~<  u     1 

'  ct  u^  u,      '            '  C3      '  tj            '  C3 

a  i  i  i  i  1 

'3     '  a;  0     ' 

3  ffl  0     ;         '  3     '  0         '3 

1  a"    1  aft    1 

1  c  ft  a    1         1  o"    1  ft        1  o* 

-3  I  1  1  I  1 

i  M    ,  „  „    , 

■   '^    W    M       '              ■   M       '   W              1   M 

1  '^     ""d 

;  J.. 7373    1        1  t-    1t3        1  t-t 

I  t-^    I        '    ' 

"0  1  1  1  1  1 
-•^  1  1  1  1  -^ 

iSi§g 

;ag§  i    ia  i§    ia 

'   O      1             '      ' 

a   '   1   '   ■  a 

'  w    loo    1 

'WOO'        '  w    !  0        •  w 

1^  o        II 

(D  0   0   0   0   <D 

113  0  aao  c 

iTJap-M     I'^cD.     ixj 

iB-o       II 

.  3     . 

.  ax; -,  Ji-3-c 
^    .  0  0 

§8^1      i§~S      i§ 

oj                   a) 

iS  \°-s  I 

i£5ll     \&  iS    IS 

;2  ;     :  ■; 

Ph    1    1    1    IPh 

>. 

^-i 

1 

er): 

mit. 
inV 

ft 

hamm 

mit 

failure 

in: 

astic  li 
ength. 

to  gra 

iniV.'." 

a 
a 

'9  i  i   \^ 

I 

r    1    1    i-a    ■ 

|S     1     1     1  03 

'  P    1  >>J  2 

t  bending  (50-pound 

ecific  gi'avity 

ber  stress  at  elastic  li 
odulus  of  elasticity., 
ork  to  elastic  limit., 
•op  causing  complete 
'ession  parallel  to  gra 

lecific  gravity 

ushing  strength  at  el 
aximum  crushing  str 
odulus  of  elasticity., 
lession  perpendicular 

iCcific  gravity 

ber  stress  at  elastic  li 

o 

0 _ _. 

per  inch.. 

c  gravity: 

ilume  as  tested  2.. 

-en-dry  volume.. 

rmkage: 

In  volume 

Radial — sapwood . . . 
Radial— heartwood . 
Tangential— sapwoc 
Tangential — heartw 

oisture  content 

bendmg: 

ecific  gravity 

ber  stress  at  elasti 
odulus  of  rupture 
odulus  of  elasticit 
ork  to  elastic  limi 
ork  to  maximum 
ork.  total _  _ 

-t^    03   CJ    03 

a  ft--  ^^^  X  n.  ft "-  *s  '^  5.  ft;-' 
ft                   a                a 

0   fc-  — '   Q. 

a                   ^ 

S« 

a                    00 

£              u            0 

a 

X3 
Ut 
(S 

S3 

"3 

a 

C3 

.a" 

p 
o 


a 

<D 

ft 

•0 

0 

a 

a 

3 

0 

a 
0 

tt 

0 

0 

ft 

rr* 

a 

0 

.") 

^ 

bi) 

a 

CO 

^ 

0 

a 

0 

0X2 

B 

0 

0 

a 

ri 

I , 

bB 

<D 

H 

r;-n 

-1 

b.^ 


§=^ 

C3  bJD  O 
>  C3. 


Oi  >  o 


38  TECHNICAL  BULLETIN    3  0  5,   U.   S.   DEPT.   OF  AGFJCULTURE 


•a 

■c 

<o 

Qi 

3 

■V 

a 

•f-i 

<- 

a 

o 

CJ 

o 

o 
o 


to 

o 
o 

^* 

to 


o 

I 


o 

to 

to 
a. 
o 


to 


to 

to 


to 
Cs. 
C 

to 


.211  § 


« 


•ca 


■^  3 

as 


i-Hi-ii-H       ^OO       O.-'OOO       ^O'-t       o       oooo 


OS  00  00         CS  M  C^        cc  t- ^  Tp  "^         r-^,-,,-^         ^         «  00  O  c4 

c5  oT     =;'»''-=> 


o 

.s>. 

o  a 

■O  3 

o  o 

(S>0 


a 


§22  >> 

.X  o  —  o 


2>» 

H  o 
W 


O  lO  M        00  lOCD 

O  00  C5         Tt*  -^  -^ 


»OO00h*(N        COOOO 
I— '  •<*<  O  I-- OS        lO  »o  »o 

•^  00  »0  Tt<  '«J1  .-<   i-H   .-( 


iC  n*  G>  :C  CO 
_-  .  lO  t^  o 
o       o 


feS2J      59^3?      ^2SSS33;      C3COO0      oo      coooot^ 

OSOO        OiOJOS        r~i^<Z><:DC>        OiCCOO        O        OC:C^--i 


o 

«>. 

o  a 

CO 

00 


13 


loooo      r^osoo 

t^  C^  OS        CO  C-J  Tf* 
t-  cc  t>-         <N  M  C) 


01  C5CD00  fM 

o-^t^ 

^ 

t^   Tt<  10 

OS     .     .     . 

CO*OtJ*  -^  T}< 

CO  t^  00  t^ 

0 

Ci 

o«  -„ 

000 

'CO  73 


000 
'CC'O 


a 
o 


0) 


ft 


■Oooo 
Q'C'O'O 

o 


•a 

O 


m 


Vj  ^  o^ 
CO 


.2 

o  to 


S3 
ft 


■Coo 

O-O-O 

s 
o 

PL. 


a 
<c 

tn 
a 
a 

•a 
a 

03 


3 


■o 
a 

3 

o 
(I1 


•3 

a 
3 
o 
Cc  c 


■o 
a 

K 

n  c.g  ^     .         ..„  „        ._  ^  ._ 

aJa'caSJo'^'OaS  Si-o  q  S  a  S  c  oj'O 


'    ;  "^  o  ti  ©  t-  •-'       ^1 

'-J  a  bi    „'  a  mS  a  jn.SJ— 


-P!..-Q2.C^c3>rtc3c3>Ow^J35.^ 

2  H     3 


a 


.2 
a  bo 

a  u 


o 


a 

a> 

a 

C3 

a 

o 

•a 

■5 
o, 

03 
XS 

a 
o 


B 

-a 

.Coo 
cj  a 

§2 

c  © 
— .  o 

•gs 

^^  o 

-=.9 

e! 

«-^ 

f-o-3 
►JJra 


THE    STRENGTH    AND   EELATED   PROPEETIES    OF    REDWOOD 


39 


c 

o 


a 
ca 

a 
o 


a 
o 


C3 

P. 


O 

O 


O 


O  OT3 

.:^  +J   r1   CO 


O  tJ) 

o  o 
CO 


O   M 


00  O --H  C^  Tt<  O  O  CO  Oi  CD -^  -ct^OOCO-^  00  O  O  O 

.^.-HCOr-l  05t-^CSl^       .       .  OiOtJ*       .       .  OOOOCOCO 

■O  cc  Tf  CO  CO    .cooo  coccocooo  CO «;  o  lo 

§  O  CD'oTt-T'"'  o  oT^"  O  rji'co  i-T 


00C4O 

t^oo  cc 

OOOC  00 


o  »o  t^ 
CN  '■t  CO 


13 


5-t?^c^   '-' o  o  o  c^  «:; '"^^ 

^  CO  1-H    CD  --^  CO  •— I  t--   .   . 
CO  00  lO  T-H   .  lO  CC 

O  ooo""r-r 


cc  CO  o  .  . 

CO  TJ-  Tf  CO  O 

oor.-r 


00  O  O  lO 
lO  -— 1  Tf  oo 

CO  00  'tj-  c^ 


Oi  i-H 

CO  o 


COCOOO 
00  CO  "O 
00  00  00 


CO  CDO 


O  CO 


«2S 


So' 


« 


■a 

O  M 

o  o 


p 

C3 


o  o  o  -^  r- CO  '^j^ 
cc  CO  c/:;  CO'  C5  .  . 
CO  -^  --i  -— «      .  t-^  CO 

O  Tj^  t-  .-« 


c^ooo  oo 
00  r^  »o    .    . 

CO  rr  CO  CO  o 


CO  o  ^o  to 

CO  CO  O  -rf* 


CO  o 

CO  o 


1— '  lO  CO 
lO  b-  CO 

t^  t- 1^ 


OTj  Tt^  1-H 
CO  lO  i>. 


00  O  CO  CD 
_,  1-iCOCO 

C3 


O  O  O  00  >-i  00  CD 
to  CI  1--  iO  Ci  .  . 
CO  Ci  (N  Oi      .  iC  t^ 

.    .    ^     o 

OCO  CD 


00  O  h-  b-00 

Tj<  -fj-  CO      .       . 
CO  CO  1-1  (N  lO 


'^  oo  o 
cf  -rr  CO  cs 

CO  00  -^  cs 


CD  lO 

CO  Tf 


<N  COOS 
CO  IM  IM 


CO  tNQO 
00  ^  CO 
OJ  C^  M 


o 


13 
cd 


3 

42 


C3 

a 

a 

o 

a 


o 


St 
c 


O    M 

o  c 
o— . 


00  lO  00  o 

c3 


Oi  O  O  O  O  OCO 

O  CO  O  C'  cc      .     . 

Tt*  O  »-l  "^        .  t^  Oi 


.-(C::  CDC^  O 
1-^  "^  Ci  .  . 
'^  O  I-  CO  o 


O  (N  t^  00 
Tl<  O  CO  »o 


COOJ 

o  ^ 

'^OO 


lOO  CI 

00  00  00 


00  r-"  -^ 
r-H  CO  C^ 


CO  iC  t--.  o 

n-.  CS       . 

C3 


b-  O  O  CO  o:  00  C^ 
^  OO  ^  CD  OC       .      . 

n*  -^  -rf  (M    .  lo  00 
o  cJ^oT.-T 


(M  O  »0  OCO 

CS  i-O  Ol      ,      . 
•^  O  »0  CO  t^ 


OO  o  »o 

(M  iM  (O  C^ 

-n*  CO  CO  -^ 


00  c^ 

Tj^OO 


OC^   I-H 

OCT)  ^^ 
00  00  00 


^  c:  »o 

00  C^l  o 
r-1  CS  tM 


C  in 
o  bo 
o  o 


Q  00  -^  r^  OS  02  CO 

O  OS  C2  00  O  Oi  C5 


00  lO  OS  o 

a 

C3 


C^  O  O  00  Ol  I>.  -— I 

c^  en  to  ^rf  Oi     .     . 
CO  CO  »o  C^l      .  t-  to 
.      -,    *    -O        ^ 
O  ■<*<  I>-  r-i 


OOCi  O  O 
O  t— t  M  .  . 
'^  t-  Tf^  CO  (N 

OOO  r-H 


OiOO-M 

r--  GO  CO  -^ 
CO  as  CO  »o 


(M  CO 

CO  to 


-rt^  00  CO 
t"-  to  CD 


o;  toi>. 


00  to  00  00 
n-(  CM  to 

'd  r-H 

c 

C3 


CM  O  O  O  00  CO  O 

as  CM  cj  Oi  o    .    . 

CO  to  .-«  O      .  t--  -"tf^ 


CMOO  w  O 

O   r-H   Oi        .        . 

Tf^  to  CM  CO  ^ 
.      *     -        CM 

O  X)  <-i 


CO  o  o  t^ 
00  t^  to  l^ 

CO  CO  O  CM 


rt^O 
OiCt. 

CO  Tt< 


CO  to  CM 
CM  COOO 

t^oor- 


■*  t^  CO 

iC  to  to 
CM  CM  CM 


•a 


3 


jq  ■ 
a  o 

•-"  C3 
Oi- 
ls " 

Co  'i-i 

tH     I-I 

ap, 


•a -a 
a  a 

3  3 

-     ,  o  o     ,     , 

■O  o  ft  C  o  o 

3      '  o  ^^      '     ' 

o   :o 


0,3 

-  ■  a 


1^  !rt  " 

.3  3^ 

m  C3 

£  M  o 

cc  t-l  u 

3  (U  » 

cr  P-O" 

="  w  m 

So  3 

woo 
•a  caw 


p. 


a 

3 
o 

ft 


"2° 

3     'o 
O     '  o 

ph  ;^- 


■a     o  o  o 

3       '0'CT3 
3 
O 
Ph 


o  o  o 


a 
3 


O 
03 


>> 


ft 

o 
t4 

ft 

3 
C8 

3 
o 


'S  S 


3  — "3 


3   o 

ftg 


3  biig; 

5=9  -« 
o  o 

ft£ 

03 


-^  ™  '3 
§•2.3 


i^ 


(S 
.3 

X) 

3 
3 
O 
ft 

"^S  S  o 


•2 .3 

ftO 


3 


c3 


o  ^  ,     „ 

3  03  i^ 

3  rj  M  C/5  ' 

C^  - 


«  "^  >■.  3 

03  bl-*-^  o 

3.S.'§^ 
+^-S  -^  3 

P^ft.ti^ij 


s^s>, 


O   CUT?   J-, 
0+-  £^   O   O 


goaf 
ft 


"  a  o  ft  £  «  0 
g  £  e  3  S  o  £  «^  b'S  S  ?  CS  S  S 

ir  ?^  D.  ^  tH  w  ^  ft—-"   "S  03  >  o  03  03  > 
O  O  (H  tt) 

o  Owe 


3  So 
a.2S£ 


O 

(—1 

3 
o 


40         TECHNICAL.  BULLETIN    3  0  5,    U.   S,   DEPT.   OF   AGEICULTURE 


—  «OM  — 

1^  —  o      o 

■•^  •-'  t^  31 

a  ca 

31  =5  31  (35  05 

O  ^  — .         00 

31  Mt~  t^ 

.«  *j  c  ^ 

Sg-B° 

— '  '^  ""^ 

fid 
O 

«2i- 

s 

■a 

-^  C^  CC  »o  t^ 

oc  .-.  -^      o 

CO-O-*           -H 

^  ^M  O 

1^ 

H   M 

C3  ^  *o  CO  -r 

CO      .      .      . 

? 

O  CU) 

CO  t^  -^  ^  ••f 

f^    ^   T-H              CO 

CO  t^  C^3i 

■o 

o  o 

.^  t->o 

a 

t!L 

a)« 

d 

o 

o 

o 

^ 

03 

rH 

m 

gS2S8 

t^  00  00       o 

CO  o«^oo 

■O 

atn 

■^  o  ur^       00 

:C     .     .     . 

<D 

c  t* 

CO  t-  'T  -^  '^ 

--.   rl   ,-.            (M 

COCO  lO  CO 

5 

a 

''     c 

.  C0»0-<J1 

03 

o 

cr'— ■ 

O 

00 

o 

-M 

q 

■♦-» 

o  CC 

CO^-hOOO 

CI  0(M         O 

C^  lO-^  00 

o 
O 

o 

a 
o 
.2 
a 

a 

C)  Oi  Qd  GO  GO 

0500        C5 

c:  oot^  t^ 

■« 

^  CCOOCDI^ 

CO(NC^         O 

IN  35  00  00 

a 

a> 

C   M 

COCCt-OiCO 

00  =ot^       -^ 

00      .      .      . 

<B 

O  M 

CQ  »0  CC  PO  CO 

^  "  --I         CO 

CO  CO  t-o  -^ 

•*w 

S 

o 

U 

o  o 

.  OOJ  t^ 

e^ 

o 

<o  — 

O 

oT 

o 

«?». 

o 

•■?- 

O  CO  lO  O  (M 

"OO        o 

CO  OC^IO 

ftm 

Tt*  GO  -^  'tr  Tf 

CO  r^  r^      ^ 

■o     .     .     . 

rSi 

o  bo 

CO  ■^  CC  CO  CO 

f-l    ^    ^              TJ1 

COC3   r-<Q0 

■^ 

t^S 

o 

CO 

o 

<» 

tsi 

oS-a 

^  O  CS  lO  CO 

OOO  3»         t^ 

sggs 

o 

ooooo 

35003        Oi 

•t^ 

•« 

■a 

.Q    K 

^ 

TJ 

O  O  ^  u^  QO 

tcoo      O 

i-t^CO  o 

si 

e 

to 

*i^ 

0  m 

•-H  CO  O  r^  GO 

CO  -^   Tl*            00 

o     .     .     . 

■a 
a 

1 

O  M 
o  O 

'Tt*  t^  lO  Tp   -^ 

o 

o" 

^co  oo 
.■oooi-^ 
o 

4- 

o 

'■< 

M 

5 

00 

4) 

■ 

lO  C^  Ci  t--  CO 

C^  O  C5        o 

00  t-  GO  c^ 

T) 

ij  VI 

^  X)0  Cs  O 

C^l  lO  CO         CO 

4^ 

o 

TJH   t^   lO   Tj*    lO 

o 

-*  '^'  ci  t^ 
.  ub  1^  o 
o 

C/3 

i 

o 

3 

a 

^ 

J 

oS'= 

CM  -O  Ol  t^  GO 

^O-l         CO 

(D0  3:  O 

<D 

•-at" 

ooooo 

CS  -.O         30 

OOQO  35 

U 

*— 1 

*j*j  o  5ao 

(S 

to 

O 

5ti  §  <= 

r^rA       '       ' 

.^ 

** 

a 

o 

'==^^g'^ 

3 

"C 

B 

■^J 

CO  GO  O  O  Q 
CO  COOi  I-"  O 

.O  t^  ^         O 

05  t^  t^  t^ 

a 

03 

0) 

a  w 

00  »C  I^        o 

33      .      .      . 

ffi, 

;^ 

P. 

o 

o  to 

CO  O  CO  Tf  Tt* 

CO  CO  rH  f^ 

Qfi 

O 

g 

1-1 

O 

o  o 

o 

oT 

.  «  — .00 

§ 

«•« 

o 

M 

cs 

O 

g 

i 

S  K 

O  O  h-  --H  -^ 

00  I  ^  O)  -^  CO 

cococo      o 

00  kO  .-ICO 

0 

t^  t^  t^       C5 

t-H    ^    ^              O 

o     .     .     . 

■a 

'^ 

t;  ao 

CO  to  -^  ■<**  Tf 

-.r  t^  3i  CO 

J^  o 

.005  00 

oj 

^<>- 

P?-^ 

o 

oo' 

o 

B. 

'5 

§• 

•K. 

cq 

o 

-S 

05 

_o 

to 

UX3 

•** 

anj 

*^  --^ 

p 

•all       1 

■S  1  1   .^ 

•-              " 

1  a   1   1 

•a  i  i 

1 

1 

I 

) 

&  i  i  .s 

o   1   1     2 

-      '      .         C5 

•S  1  1    g- 

i1  i  i 

1  o.   1    1 
1  »-    I    ' 

is  ;  i 

'    OT       '       I 

1^ 

—  a 
a -7 

Six 

ui    !    ;     u 

'•O     '     ' 

i,  a 

c 

a>               <B 

.all 
.  3    .    . 

a  ca 

"? 

all     o, 

Om 

o 

'  ui    !    I    J 

tfi    I    ;     w 

'Oil 

0  a> 

to 

1^3  o  o  o 

■o  o  o     "^ 

,0.00 

*j  > 

S 

;  aTJ-O-T^ 

§-°^      i 

Ix:"^"^ 

— .  0 

:  o   '   '   ' 

o    I    ;      o 

1  a   1   1 
.1— 1   .   I 

XI  » 

to 

C5» 

;ph  :  ;  : 

CU  :  1    Ph 

P 

p 

^ 

iJ 

i-g 

J 

f 

k 

:  i  :  :3 

[ 

t 

1     t     1     >  ''^J 

'    '    '    '  fl 

1    1    1      J3 

""o 

T-( 

i 

;  ;  ;  is 

a 

;  ;  ;  ;5 

Ilia 

II'       0 

:  ;  1  a  i3 

II 

K 

"C 

1    1   1   l-o 

1    1    l-S"" 

s 

c 
c 

1   ...  a 

t  ;  :  '"a 

'■Z 

c 

. 

;3  ila 

ly  i 

"5  tn 

'  ■'-'  O)  u*  3  "^ 

^JaS 
"a  a  «  a 

"a 

"Co 

^'3^:3  Si'"  1*:=  "i^  ~V  aS 
S  5^^^  "="  ?■  Sf^  a  <a  a  M  c 

rl2.ac3c3>c3S3QJ>Oiii;j3 

liB 

1-3  CO 

3                   ii 

« t-i  ■<  w  .<  tujcn  M  t-i  ■< 

M     •• 

a      3 
Q       o 

(D                   U 

^     H 

THE    STRENGTH    AND   RELATED    PEOPEETIES    OF    REDWOOD  41 


VARIABILITY  IN  THE  STRENGTH   OF  REDWOOD 

Table  12  lists  the  probable  variation  values  of  the  specific  gravity  and  several 
strength  properties  of  virgin-growth  and  the  second-growth  redwood  from  second 
logs,  representing  material  S  to  30  feet  above  the  ground.  These  values  were 
calculated  by  the  usual  formula,  as  given  on  page  34. 

Table  12. — Percentage  proha'ble  variation^  in  strength  and  related  properties  of 
an  individual  redwood  specimen  from  the  corresponding  average 


Property 


Specific  gravity,  based  on  green  or  air-dry 
volume- - 

Shrinkage: 

Radial 

Tangential 

Volumetric. 

Static  bending; 

Fiber  stress  at  elastic  limit 

Modulus  of  rupture 

Modulus  of  elasticity 

Work  to  elastic  limit 

Work  to  maximum  load 

Impact  bending: 

Fiber  stress  at  elastic  limit 

Work  to  elastic  limit 

Maximum  drop  (50-pound  hammer) . 

Compression  parallel  to  grain: 

Fiber  stress  at  elastic  limit 

Maximum  crushing  strength 

Compression  perpendicular  to  grain: 

Fiber  stress  at  elastic  limit 

Hardness: 

End 

Radial  and  tangential 

Radial  only ._ 

Tangential  only 

Shear: 

Radial  and  tangential... 

Radial  only 

Tangential  only 

Toughness: 

Radial  and  tangential 

Radial  only 

Tangential  only 

Tension  parallel  to  grain 


Virgin  -  growth 
redwood^  (lot 
Nos.  6,  7,  and  8) 


Green 


8.7 

16.5 
15.2 
11.1 

14.9 
12.3 
15.5 
31.7 
20.0 

11.4 
14.6 
14.2 

16.2 
12.9 

22.2 

12.6 
15.8 
15.3 
16.0 

11.6 
11.3 
11.9 

35.4 
27.4 
30.3 
14.6 


Air-dry  « 


12.8 
11.4 
12.3 
21.0 
2L9 

14.3 

25.8 
18.2 

16.7 
12.6 

20.8 

11.7 
15.7 
16.1 
15.2 

17.6 
18.2 
16.7 

29.0 
23.1 
26.0 
19.3 


Second-growth  redwood  3 


Closely  grown  (lot 
Nos.  7  and  8) 


Green 


7.0 

17.9 
16.0 

15.7 

10.8 
9.4 
16.4 
17.6 
20.3 

10.0 
14.4 
18.4 

14.0 
10.1 

14.5 

9.3 
11.2 
12.0 

9.8 

7.8 
8.9 
5.2 

32.8 

24.1 

30.0 

8.3 


Air-dry  < 


6.9 


10.8 
11.4 
15.9 
14.8 
24.9 

13.2 
23.  1 
26.1 

16.3 
10.1 

15.4 

7.4 
13.0 
13.5 
11.9 

9.2 
8.9 
9.3 

35.1 
39.1 
29.7 
18.7 


Openly  grown  (lot 
Nos.  7  and  8) 


Green      Air-dry  * 


10.5 

34.0 
17.0 
10.2 

20.8 
17.4 
18.3 
28.8 
25.3 

13.8 
17.9 
28.1 

23.4 
19.2 

32.5 

19.5 
18.1 

18.7 
16.8 

16.1 
13.9 
15.1 

37.1 
36.4 
36.0 
20.5 


10.3 


17.2 
16.1 
18.3 
20.7 
31.3 

18.4 
25.5 
31.2 

24.5 
16.3 

20.8 

17.0 
21.2 
21.8 
19.0 

17.4 
15.9 
15.9 

29.1 
25.9 
29.9 
17.8 


'  Probable  variation  of  the  entire  trees  is  about  1  to  2  per  cent  higher  than  shown  here. 

2  Specimen  taken  20  to  30  feet  above  the  ground 

3  Specimen  taken  8  to  16  feet  above  the  ground 

*  Average  moisture  content  of  air-dry  material  varied  from  lOJ^  to  12  per  cent  for  different  tests. 

The  percentage  prolialile  variation  of  specific  gravity  is  lower  than  that 
of  any  of  the  strength  properties.  Such  properties  as  modulus  of  rupture, 
maximum  crushing  strength,  and  hardness  have  a  percentage  probable  varia- 
tion from  one  to  two  times  that  of  the  specific  gravity.  Shock  resistance  as 
measured  by  work  to  maximum  load  in  static  bending,  maximum  drop  in 
impact  bending  and  toughness  are  usually  most  variable,  often  having  a  per- 
centage probable  variation  four  times  that  of  specific  gravity. 

Since  the  probable  variation  values  in  Table  12  are  based  on  samples  from 
the  second  logs  only,  they  are  somewhat  lower  (probably  about  1  to  2  per 
cent)  than  would  olitain  for  samples  representing  the  entire  trees.  For  example, 
if  the  table  gives  a  value  of  17  per  cent,  the  probable  variation  of  a  random 
specimen  from  entire  trees,  or  the  species  average,  is  probably  18  to  19  per  cent. 

EXPLANATION   OF   TERMS  AND  METHODS   EMPLOYED 

Air-dry. — Air-dry  is  a  very  general  term  and  may  mean  any  degree  of  dry- 
ness from  about  6  per  cent  moisture,  which  may  be  obtained  in  very  dry 
climates,  to  over  30  per  cent  moisture,  as  in  timber  dried  to  reduce  its  shipping 
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weight.     The  degree  of  dryness  which  will  be  attained  in  timber  depends  upon 
the  species,  size,  and  the  conditions  under  which  the  material  is  dried,  espe- 
cially   such    as    humidity, 
0    I    z    i    4-    5    (,  method  of  piling,  shelter, 

and  time  of  drying. 

Compression  parallel  to 
grain. — In  the  compres- 
sion parallel  to  grain  test 
a  2  by  2  by  8  inch  block 
is  compressed  in  the  di- 
rection of  its  length. 
(Fig,  15.)  Deformation 
is  measured  between  two 
collars  attached  6  inches 
apart  on  the  specimen. 

Compression  perpendic- 
ular to  grain. — I  n  the 
compression  perpendicular 
to  grain  test,  a  block  2  by 
2  inches  in  cross  section 
and  6  inches  long  is  laid 
upon  its  side  and  pressure 
applied  to  it  through  a 
metal  plate  2  inches  wide 
laid  across  the  center  of 
the  piece  and  at  right 
angles  to  its  length. 
(Fig.  16.)  Hence  but 
one-third  of  the  surface  is 
directly  subjected  to  com- 
pression. The  strength 
value  obtained  in  this  test 


Figure  15. — Diagrammatic  sketch  of  eompressometer  and 
method  of  conductmg  compression-parallel-to-grain  test 


is  the  fiber  stress  at  elastic  limit.     It  represents  the  maximum  stress  at  right 
angles  to  the  grain  that  can  be  applied  to  the  timber  without  injury.     It  is 


SC/IL£  -  INCHES 

FiGUKiJ    !(!. — Diagrammatic    sltctch    of    method    of    conducUng    compression-perpen- 

dicular-to-grain  test 

imporlaiil   in  ((iniputin;:  the  bearing  area  for  beams,  stringers,  and  joists,  and 
in  comparing  species  for  railroad  ties. 
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Elastic  Ji»iit. — The  elastic  limit  is  that  point  where  the  distoi'tion  ceases  to 
be  in  proportion  to  the  load.  For  example,  if  a  beam  deflects  one-sixteenth  of 
an  inch  with  a  SO^pound  load,  it  will  deflect  one-eighth  of  an  inch  with  lOO 
poimds,  and  so  on,  each  additional  load  of  50  pounds  causing  an  additional 
deflection  of  one-sixteenth  of  an  inch  until  the  "  elastic  limit "  is  reached,  after 
which  the  deflections  increase  more  rapidly  than  the  increase  in  load.  The 
elastic  limit  is  subject  to  the  personal  equation  in  its  determination  and  for 
this  I'eason  can  not  be  evaluated  precisely. 

Extractives. — Extractives,  as  the  word  is  here  used,  are  defined  as  that  por- 
tion of  the  wood  that  will  dissolve  when  the  wood  is  placed  in  an  inert  solvent. 
They  are  known,  for  example,  as  cold-water,  hot-water,  or  alcohol-soluble  ex- 
tractives, the  name  depending  upon  the  solvent  used. 

Fiber  stress  at  elastic  limit. — Fiber  stress  at  elastic  limit  is  the  stress  ob- 
tained in  a  timber  by  loading  it  to  its  elastic  limit.  It  is  the  greatest  stress 
the    timber    will     take  ^ 

under    a    given    loading  * 

and  return  to  its  former 
position.  Fiber  stress  at 
elastic  limit  in  impact 
bending  is  approximately 
dovible  the  fiber  stress 
at  elastic  limit  in  static 
bending.  This  is  an  ex- 
pression of  the  fact  that 
a  small  beam,  if  sud- 
denly strained,  bends  ap- 
proximately twice  as  far 
to  the  elastic  limit  as 
when  loaded  s  1  o  w  1  y  . 
(See  also  elastic  limit, 
above.) 

Fiber  -  saturation 
point.- — Green  wood  usu- 
ally contains  "  absorbed "' 
Avater  within  the  cell 
walls  and  "  free  "  water 
in  the  cell  cavities.  In 
drying,  the  water  in  the 
cell  cavities  is  the  first 
to  be  evaporated.  The 
fiber-saturation  point  is 
that  point  at  which  no 
water  exists  in  the  cell 
cavities  of  the  timber, 
but  at  which  the  cell 
walls  are  still  saturated 
with  moisture.  Tlie 
fiber-saturation  point  va- 
ries with  the  species. 
The  ordinary  proportion 
of  moisture  at  the  fiber- 


SCAL£~INCH£6 
Figure  17. 


Diagrammatic  sketch  of  method  of  conducting 
hardness   test 


saturation  point  is  from  22  to  30  per  cent  of  the  dry  weight  of  the  wood. 

Qreen. — Green  is  the  condition  of  timber  with  respect  to  moisture  as  taken 
from  the  living  tree.  Immediately  upon  being  sawed  from  the  tree,  lumber 
begins  to  lose  moisture  and  otherwise  change  its  condition.  The  rapidity  of 
these  changes  is  determined  by  such  factors  as  the  species,  humidity,  heat, 
and  circulation  of  air. 

Hardiness. — Hardness  is  tested  by  measuring  the  load  required  to  embed  a 
0.444-inch  ball  to  one-half  its  diameter  in  the  wood.  (Fig.  17.)  The  hardness 
lest  is  applied  to  end.  radial,  and  tangential  surfaces  of  the  timber.  End  hard- 
ness is  usually  greater  than  side  hardness.  The  quality  represented  by  the 
hardness  figures  is  important  in  woods  for  paving  blocks,  railroad  ties,  furni- 
ture, and  flooring. 

Height  of  drop. — Height  of  drop  relates  to  impact  bending  and  is  the  distance 
from  which  a  hammer  is  dropped  to  produce  failure  of  a  standard-sized  speci- 
men.   It  represents  a  quality  important  in  articles  that  are  occasionally  stressed 
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under   a    sliock   beyond   their   elastic  limit,   such   as   handles   and   implement 
parts. 

Impact  hcndinq. — Impact  bending  tests  are  made  on  beams  to  determine  the 
resistance  to  rapidly  applied  loads.  Beams  2  by  2  by  30  inches  are  used  in 
this  test  on  a  28-inch  span.  A  50-pound  hammer  is  dropped  upon  the  beam 
at  the  center  of  the  span,  first  from  a  height  of  1  inch,  next  2  inches,  and  so 
on  up  to  10  inches,  then  increasing  2  inches  at  a  time  until  complete  failure 
occurs.  The  deflections  of  the  specimen  are  recorded  on  a  revolving  drum  by 
a  i)ointer  attached  to  the  hammer.  This  i>ointer  also  records  the  positicm 
the  specimen  assumes  after  the  shock.  Thus  data  are  obtained  for  determining 
the  various  properties  of  the  wood  when  subjected  to  shock. 


iCALS  -  INCHES 


FifiniiB  18.- 


-Diagrrammatic    sketch    of   motlioi]    of    conductinf;    shear-parallel-to- 
grain  test,  with  details  of  test  specimen 


Mnximum  cruHhing  stfcnffth. — The  maximum  crushing  strength  in  compres- 
sion pjirallel  lo  grain  is  the  niaxiinuni  ability  of  a  short  block  to  sustain  a 
slowly  ajiplicd  load.  It  is  obtained  by  dividing  the  maximum  load  dbtaintHl 
in  tlic  test  by  llio  area  nf  cross  sectitm  of  the  bl<.)ck.  Tliis  property  is  important 
in  estimating  tlie  strength  of  short  columns. 

Mccluniical  propertifs. — Mechanical  jtroperties  are  the  properties  of  wood 
wliifli  enable  it  to  resist  defonnal  i"iis,  loads,  slioeks.  or  forces.  Thus  the 
ability  to  resist   shearing  forces  is  a   mechanical  inoiierty  nf  timber. 

Modulus  of  (luslicil!/. — .Modulus  of  elasticity  is  the  ratio  of  stress  per  iniit 
area  to  corresijonding  strain  per  unit  leiiglli,  the  distortion  or  strain  being 
within  the  eUistic  limit.     It  is  a  measure  of  the  stiffness  or  rigidity  of  a  mate- 
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rial.  In  the  case  of  a  beam,  modulus  of  elasticity  Is  a  measure  of  its  resistance 
to  deflection.  Deflection  under  a  given  load  varies  inversely  as  the  mo<lulus 
of  elasticity;  that  is,  a  beam  with  a  h^gh  modulus  deflects  but  little.  Modulus 
of  elasticity  is  of  valiie  in  computing  the  deflections  of  joists,  beams,  and 
stringers,  and  in  computing  safe  loads  for  long  columns.  The  values  given 
are  derived  from  the  static-bending  test,  but  are  applicable  to  both  beams  and 
long  columns.  Numerically,  the  modulus  of  elasticity  of  a  material  is  the 
force  In  pounds  required  to  stretch  a  sample  of  that  material  with  a  cross- 
sectional  area  of  1  square  inch  to  double  its  length,  on  the  assumption  that 
the  fibers  would  not  be  stressed  beyond  their  elastic  limit.  Rubber  has  a 
very  low  modulus  of  elasticity,  while  that  of  steel  is  very  high. 

Modulus  of  rupture. — Modulus  of  rupture  is  the  computed  fiber  stress  in  the 
outermost  fibers  of  a  beam  at  the  maximum  load  and  is  a  measure  of  the 
ability  of  a  beam  to  support  a  slowly  applied  load  for  a  very  short  time. 
The  formula  by  which  modulus  of  rupture  is  computed  is  the  same  as  that 
for  computing  the  fil)er  stress  at  elastic  limit,  the  maximum  load  being  sub- 
stituted for  the  elastic-limit  load.  The  assumptions  on  which  this  formula 
are  based  hold  only  up  to  the  elastic  limit;  hence  modulus  of  rupture  is  not 
a  true  fiber  stress.  It  is,  however,  a  universally  accepted  term,  and  the  values 
are  quite  comparable  for  various  species  and  sizes  of  timber.     It  is  a  definite 


FiGCHE  19. — Diagrammatic  sljetch  of  method  of  conducting  static-bending  test 

quantity,  and  the  personal  factor  does  not  enter  to  any  great  extent  into 
obtaining  it.  It  is  con.secjuently  not  so  subject  to  error  as  the  fiber  stress  at 
elastic  limit,  and  for  that  reason  is  used  more  than  any  other  value  to  repre- 
sent the  bending  strength  of  wood. 

Moisture  content. — Moisture  ccniteut  is  the  weight  of  water  contained  in 
the  wood,  expressed  as  a  percentage  of  the  weight  of  the  oven-dry  wood. 

Shearing  strength  parallel  to  grain. — The  shearing  test  is  made  by  applying 
force  to  a  2  by  2  inch  lip  projecting  from  the  side  of  a  block.  (Fig.  18.)  The 
shearing  stress  is  the  maximum  force  required  to  shear  ofT  the  projection 
divided  by  the  area  of  the  plane  of  failure.  Shearing  strength  parallel  to  the 
grain  is  a  measure  of  the  ability  of  timber  to  resist  the  slipping  of  one  part 
upon  another  along  the  grain.  Shearing  stress  is  produced  to  a  greater  or  less 
degree  in  most  uses  of  timber.  It  is  most  important  in  beams,  where  it  is 
known  as  horizontal  shear,  the  stress  tending  to  cause  the  upper  half  of  the 
beam  to  slide  upon  the  lower.  It  is  also  important  in  the  design  of  various 
kinds  of  timber  joints. 

Shrinkage  from  the  green  to  an  oven-dry  condition. — When  wood  is  dried 
below  the  fiber-saturation  point  (see  definition,  p.  43),  shrinkage  begins  and 
continues  until  the  moisture  is  all  driven  off.  Shrinkage  along  the  length  of 
timber  is  very  small.     Shrinkage  in  directions  at  right  angles  to  the  grain  is 
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very  much  greater.  Radial  slirinkage  is  about  three-fifths  as  great  as  tangential 
shrinkage.  Shrinkage  in  volume  is,  of  course,  the  resultant  of  shrinkages  along 
the  fibers  and  in  the  radial  and  tangential  directions.  However,  shrinkage  in 
volume  and  radial  and  tangential  shrinkages  were  independently  determined 
in  the  series  of  tests  reported  on  in  this  bulletin.  All  shrinkage  values  given 
here  are  expressed  in  percentages  of  the  original  or  green  dimensions,  and 
represent  total  shrinkage  to  a  zero  moisture  condition.  Shrinkage  to  an  air- 
dry  condition  of  about  12  per  cent  moisture  is  sometimes  more  and  sometimes 
less  than  half  the  total  shrinkage.  Radial  shrinkage  is  the  measure  of  the 
change  in  width  of  a  quarter-saw^ed  or  edge-grained  board.  Tangential  shrink- 
age is  the  measure  of  the  change  in  width  of  a  flat-sawed  board. 

Site. — A  site  is  an  area  considered  with  respect  to  its  forest  producing  power 
as  influenced  by  climate,  altitude,  soil,  slope,  aspect,  and  other  local  influencing 
conditions. 


FiGUBB  20. — Diagrammatic  sketch  of  molliod  of  conducting  tension-perpendicular- 
to-graln  test,  with  details  of  test  specimen 

Specifto  grav^iti/. — Specific  gravity  is  the  weiglit  of  any  given  sub.stance 
divided  b.v  the  weight  ol'  an  ('(pial  volume  of  pure  water  at  its  greatest  density. 
The  weight  of  wood  in  a  given  volume  changes  with  the  shrinkage  and  swelling 
caused  by  clianges  in  m(»isture.  Conseijuently,  specific  gravity  is  an  indefinite 
quantity  unless  the  circumstances  under  whicli  it  is  determined  are  siiecified. 
All  specific  gravity  figures  given  in  tliis  bulletiji  are  based  on  the  weight  of 
the  wood  when  oven  dry.  The  moisture  condition  at  which  the  volume  was 
determined  is  stated  in  each   iiistiuicc. 

Static  bcnclivf/. — The  static-bending  test  is  nmde  on  beams  to  determine  the 
resistance  to  slowly  applied  loads.  A  2  by  2  by  30  inch  beam  is  used  on  a  28-inch 
span.  Loading  is  applied  at  tlie  center  of  the  syy.in  and  at  a  constant  rate  of 
defiection  until  the  lieam  fails.  (Fig.  1!K)  Ueadiiigs  of  load  and  detlection  are 
taken  simnllaneously.  Tlie  values  derived  from  tins  test  are  applicable  to 
beams  of  diflerent  size  by  the  use  of  a  formula,  except  for  the  defects  that  occur 
in  the  larger  sizes. 
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strain. — The  deformation  or  distortion  produced  by  a  stress  or  force  is 
known  as  strain. 

Stress. — Stress  is  distributed  force.  Fiber  stress  is  the  distributed  force 
tending  to  compress,  tear  apart,  or  change  the  relative  position  of  the  wood 
fibers.  Stress  is  measured  by  the  force  per  unit  area.  Thus  a  short  column 
2  inches  square  (4  square  inches)  and  supporting  a  load  of  2,000  pounds 
will  be  under  a  stress  or  fiber  stress  of  500  pounds  per  square  inch. 

Tangential. — Tangential  means  tangent  to  or  parallel  to  the  curves  of  the 
annual  rings  in  a  cross  section.  Thus  a  tangential  surface  is  a  surface  perpen- 
dicular to  the  radius  of  a  tree. 

Tension  perpeiullcular  to  grain. — The  tension-perpendicular-to-grain  tests  are 
made  on  specimens  2  inches  square  and  2^4  inches  long,  the  tension  area  being 
1  by  2  inches.  The  tension  force  is  applied  perpendicular  to  the  grain.  (Fig.  20.) 
The  values  are  of  use  in  estimating  the  resistance  of  timber  to  the  splitting 
actions  of  bolts  and  other  fastenings. 

Total  tvork. — Total  work  in  static  bending,  like  work  to  maximum  load,  is 
a  measure  of  toughness  or  shock  resistance  under  bending  stresses.     In  the 


Figure  21. — Diagrammatic  sketch  of  Forest  Products  Laboratory  toughness  testing 

machine 

standard  test  specimen  total  work  represents  the  work  absorbed  to  a  6-inch 
deflection  or  until  the  beam  fails  to  support  a  load  of  200  pounds. 

Toughness  test. — The  toughness  test  is  made  on  small  beams  to  determine 
the  resistance  to  a  rapidly  applied  load.  The  standard  specimens  for  use  in 
the  test  are  %  by  %  by  10  inches,  supported  over  an  8-inch  span.  They  are 
loaded  at  the  center  by  means  of  a  tup  and  a  stirrup  that  slips  over  the 
specimen.  (Fig.  21.)  The  Forest  Products  Laboratory  toughness  machine 
operates  on  the  pendulum  principle,  but  it  differs  essentially  from  other  types 
in  that  the  load  is  applied  to  the  specimen  by  means  of  a  cable  fastened 
around  a  drum  mounted  on  the  axis  of  the  pendulum. 

Toughness. — Toughness  in  wood  is  the  ability  to  absorb  energy  or  work 
under  load. 

Work  to  elastic  limit. — Work  to  elastic  limit  in  bending  is  a  measure  of  the 
work  which  a  beam  is  able  to  resist  or  the  shock  which  it  can  absorb  up  to 
the  elastic  limit. 

Work  to  maximum  load. — Work  to  maximum  load  in  static  bending  represents 
the  ability  of  the  timber  to  absorb  shock  with  a  slight  permanent  or  semi- 
permanent deformation  and  with  some  injury  to  the  timber.     Wood,  especially 
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in  small  sizes,  can  be  bent  somewhat  beyond  its  elastic  limit  with  only  slight 
injury  if  the  load  is  removed  at  once.  Work  to  maximum  load  is  a  measure 
of  the  combined  stren.sxth  and  toughness  of  a  material  under  bending  stresses. 
Superiority  in  this  quality  is  the  characteristic  wliich  makes  hickory  better 
than  ash,  and  oak  better  than  longleaf  pine,  for  such  uses  as  handles  and 
vehicle  parts. 

Radial.— IliuMal  means  extending  outward  from  a  center  or  an  axis.  Thus 
a  radial  surface  in  a  tree  is  one  extending  from  the  pith  of  the  tree  outward, 
such  as  the  wide  faces  of  a  quai'ter-sawed  board. 

Rinr/s. — Kings  are  those  circular  markings  around  the  center  of  a  tree  sec- 
tion that  are  produced  by  the  contrast  between  spring  vrood  and  summer  wood. 
One  ring,  known  as  an  annual  ring,  consists  of  a  layer  of  spring  wood  and 
a  layer  of  summer  wood. 
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INTRODUCTION 

A  volume  table  is  a  tabular  statement  of  the  averages  volume  of 
trees  of  given  sizes.  The  size  classification  is  usually  both  by  diameter 
(d.  b.  h.  or  diameter  breast  high,  outside  the  bark)  and  height  (either 
total  or  merchantable).  This  form  of  presentation  impKes  that  tree 
volume  is  correlated  with  both  diameter  and  height. 

If  graphs  are  plotted  showing  the  relation  between  volume  and 
diameter  for  the  several  height  classes  and  similarly  between  volume 
and  height  for  the  several  diameter  classes,  curves  rather  than  straight 
lines  will  result.  This  indicates  that  the  preparation  of  a  volume 
table  is  a  problem  in  curvilinear  multiple  correlation. 

A  method  of  solving  problems  in  curvilinear  multiple  correlation  is 
described  in  a  previous  pubhcation.^     The  technic  is  briefly  as  follows : 

1.  A  midtiple-regression  equation  is  calculated,  which  is  con- 
sidered as  a  first  approximation  to  the  desired  result. 

2.  This  equation  is  converted  into  an  alinement  chart  for  ease  in 
handhng  the  subsequent  steps.  The  alinement  chart,  being  based 
on  an  equation  of  the  first  degree,  has  straight  parallel  9,xes  and  uni- 
formly graduated  scales. 

3.  Values  are  read  from  this  chart  corresponding  to  the  data. 
These  are  called  first  estimates,  and  the  differences  between  these 

I  Bruce,  D.,  and  Reineke,  L.  H.  correlation  alinement  charts  in  forest  research.    U.  S.  Dept. 
Agr.  Tech.  Bui.  210,  88  p.,  illus.    1931. 
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estimates  and  the  corresponding  measured  values  of  the  data  are 
called  first  residuals. 

4.  The  first  residuals  are  plotted  over  the  independent  variables, 
one  at  a  time,  and  curves  are  fitted. 

5.  These  curves  are  used  to  regraduate  the  chart  axes  for  these 
independent  variables  wherever  changes  are  seen  to  be  desirable. 

6.  Second  estimates  are  read  from  the  revised  chart  which  repre- 
sents a  second  approximation. 

7.  The  measured  values  are  then  plotted  over  these  second  esti- 
mates, and  a  curve  is  fitted. 

8.  By  means  of  this  curve  the  graduations  of  the  axis  representing 
the  dependent  variable  are  relocated  if  necessary,  thus  producing  a 
third-approximation  chart. 

9.  These  steps — 4  to  5,  and  6  to  8 — are  then  alternately  repeated 
as  many  times  as  may  be  necessary  until  a  satisfactory  result  is 
obtained. 

WTiile  volume-table  construction  is  obviously  a  problem  in  curvi- 
linear multiple  correlation,  it  is  a  type  of  problem  wliich  requires  a 
specialized  form  of  the  general  technic.^  The  speciahzed  technic, 
which  brings  speed  and  accuracy,  will  be  described  in  the  following 
pages. 

The  multiple-regression  equation  used  in  the  general  technic  can  bo 
shown  on  theoretical  grounds  to  be  a  poor  first  approximation  in  the 
case  of  a  volume  table.  In  the  first  place  we  know  that  the  curves  of 
volume  over  diameter  and  volume  over  height  are  not  straight  lines, 
so  that  varying  spacing  of  the  graduations  of  the  diameter  and  height 
axes  are  to  be  expected.  In  the  second  place,  from  the  familiar 
formula 

V=FHB 

where  V  is  the  volume  in  cubic  feet,  F  the  form  factor,  H  the  height 
in  feet,  B  the  basal  area  in  square  feet,  we  would  expect  to  need  a 
chart  involving  multiplication  rather  than  the  addition  characteristic 
of  a  multiple-regression  equation.  Obviously,  for  rapid  definition  of 
the  true  relationships  between  volume,  diameter,  and  height,  a  first- 
approximation  chart  which  is  much  closer  to  the  final  result  than  one 
based  on  the  multiple-regression  equation  is  needed. 

The  best  form  of  base  chart  or  first-approximation  chart  is  that 
which  gives  the  volumes  of  a  geometric  solid  most  closely  approach- 
ing tree  form.  For  tables  giving  volume  in  cubic  feet  this  conchtion 
is  satisfied  by  a  veiy  simple  chart,  with  three  straight,  parallel  axes 
with  logarithmically  spaced  graduations.  The  use  of  the  board-foot 
unit  of  volume,  however,  makes  necessary  far  more  complex  forms 
with  curved  axes.  These  forms  differ  with  the  log  rule  used,  with 
the  height  index  adopted  (merchantable  or  total),  and  with  the 
standard  of  top  utilization.  After  the  proper  base  chart  has  been 
prepared  or  selected,  however,  the  sul)scquent  procedure  is  essentially 
the  same  for  all  volume  tables.  It  will  therefore  be  possible  to  de- 
scribe in  detail  the  method  for  the  cubic-foot  tables,  and  then  merely 
to  refer  to  a  few  minor  variations  in  connection  with  the  other  types 
of  tables. 

'  Examples  worked  out  by  the  Kcncrnl  technic  resulted  In  distorted  tables  only  half  as  accurate  as  those 
prepared  by  the  more  usual  methods. 


ALINEMENT-CHAKT  METHOD  FOR  VOLUME  TABLES  d 

THE    BASE    CHART    FOR    VOLUME    TABLES    OF    ENTIRE    STEM    IN 

CUBIC  FEET 

Reference  has  already  been  made  to  the  familiar  formula  for  the 
volume  of  a  tree  in  cubic  feet 

^     ^"^^     4X144 

The  corresponding  formula  for  a  cyhnder  having  the  same  basal 
diameter  and  height  is  of  com*se 

4  X  144 

One  famiUar  with  the  construction  of  alinement  charts  will  at  once 
think  of  more  than  one  form  of  chart  by  means  of  which  this  equa- 
tion might  be  solved,^ 

The  simplest  is  one  having  three  parallel  straight  axes,  with  the 
central  axis  halfway  between  the  outside  axes.  All  the  scales  are 
logarithmic  to  provide  for  the  fact  that  the  variables  in  the  equation 
are  to  be  multipUed  together  instead  of  added.  One  of  the  outer 
axes,  then,  is  graduated  with  the  values  of  log  H^  the  other  with 

IT  D  '^  . 

values  of  log  .,,,..  ,  while  the  central  is  graduated  with  values  of 
^  4X  144' 

log  V,  using  one-half  of  the  scale  used  for  the  outer  axes. 

Such  a  chart  will  give  volumes  of  cyhnders  of  sizes  corresponding 
to  the  trees  for  which  data  are  at  hand.  Were  the  form  factor  a 
imiform  factor  for  each  species,  all  that  would  remain  would  be  to 
raise  the  central  or  volume  axis  by  an  amount  equal  to  the  logarithm 
of  this  form  factor.  Tliis  follows  from  the  fact  that  a  bodily  raising 
of  the  axis  is  equivalent  to  moving  the  slide  in  a  slide  rule.  Unfor- 
tunately, however,  the  form  factor  varies  with  both  diameter  and. 
height  and  that  in  a  rather  complex  fashion.  This  type  of  adjust- 
ment of  the  central  axis,  therefore,  while  useful,  would  by  no  means 
be  final,  and  would  merely  leave  us  with  a  first-approximation  chart 
which  was  numerically  closer  than  that  for  the  cyhnder,  but  no  better 
in  relation  to  variation  in  form  factor.  A  cyhnder  chart,  then, 
except  for  the  larger  numbers  involved,  is  just  as  useful  as  one  cor- 
rected for  average  form  factor  for  the  species.  However,  to  gain 
some  advantage  in  reduction  in  size  of  numbers,  the  cyhnder  chart 
used  as  the  standard  base  chart  is  modified  for  a  form  factor  of  0.4„ 
which  is  a  rough  approximation  to  the  average  of  all  species. 

This  standard  base  chart  used  by  the  Forest  Service  is  illustrated 
in  Figure  1.  The  cUameter  axis  is  at  the  left,  the  height  axis  at  the 
right,  and  the  volume  axis  in  the  middle.  To  secure  height  and 
diameter  axes  of  approximately  the  same  length  different  scales  have 
been  used  on  these  two  axes,  and  as  a  result  the  volume  axis  is  to 
the  left  of  the  central  position. 

The  series  of  diagonal  cm-ves  crossing  the  chart  need  explanation. 
These  are  the  graduating  curves  used  in  constructing  the  chart, 
which  are  retained  because  of  their  usefulness  in  subsequent  re- 
adjustments.    They  consist  of  four  series,  identified  by  the  initials 

3  See  the  following  publication:  Bruce,  D.,  alinement  charts  in  forest  mensuration,  Jour.  Forestry 
17:  773-801,  illus.,  1917;  or  such  texts  as  Lipka,  J.,  graphical  anp  mecha^jical  computation,  264  p., 
illus.,  New  York,  1918. 


TECHNICAL  BULLETIN  304,  U.  S.  DEPT.  OF  AGRICULTURE 


0.4»10TAL  VOLUME 


CYLIMOERS 

(MODIFIED   VOLUME   SCALO 


CUBIC   FEET 


cvijnder:  : 

FEET      :Jm 


':  190: 


>'i' 


'mC 


■J 

So  J 


1  (  o- 


'y'O- 


|SV„ 


1    M 


70 


^ 


r50- 


■^Ori 


i 


H  ry. 


J  ; 


-^  i.k 


'uC 


I  "mC  1^  2  ^t       3  4  6  C  7        S       9      10 

JTioDBE  1.— Tho  base  chart  used  for  volumo  tables  In  cubic  feet  (entire  volume  of  stem) 


ALINEMENT-CHART  METHOD  FOR  VOLUME  TABLES  5 

Dc,  He,  Vc,  and  Vmc — standing,  respectively,  for  diameter  of  cylinder, 
height  of  cylinder,  volume  of  cy Under,  and  volume  of  modified 
cylinder. 

They  can  best  be  understood  if  one  series,  for  example,  the  Dc 
series,  be  carefully  examined.  It  will  be  noted  that  the  entire  aline- 
ment  chart  is  superposed  on  a  sheet  of  semilogarithmic  coordinate 
paper  and  that  the  vertical  lines  of  this  paper  are  given  a  scale  across 
the  base  of  1  to  10.  This  scale  is  used  in  connection  with  all  the 
graduating  curves.  Like  all  logarithmic  scales,  it  applies  equally 
well  to  values  from  1  to  10,  10  to  100  or  100  to  1,000,  etc.  The  seini- 
logarithmic  paper  is  used  because  on  it  the  graduating  curves  will 
have  very  little  curvature. 

If  the  eye  follows  up  the  vertical  line  marked  1  (the  left-hand  edge 
of  the  chart)  until  it  intersects  for  the  first  time  the  Dc  curve,  it  will 
be  noted  that  this  intersection  is  horizontally  opposite  the  1  gradua- 
tion on  the  diameter  axis.  Similarly,  if  the  eye  follows  the  1.5  vertical 
to  its  intersection  with  the  Dc  curve,  this  intersection  will  be  foimd 
opposite  the  1.5  diameter  graduation.  The  same  mil  be  found  to 
be  true  for  all  possible  values  from  1  to  10.  At  10  the  Dc  curve  runs 
off  the  light-hand  side  of  the  chart.  It  reappears,  however,  opposite 
this  point  on  the  left-hand  side,  and  this  portion  will  be  found  to 
apply  to  diameter  values  of  10  or  larger. 

The  Dc  graduating  curve,  then,  registers  exactly  the  positions  of 
all  the  graduations  on  the  diameter  axis.  Were  these  graduations 
obliterated  they  could  be  accurately  restored  by  means  of  the  curve. 
Furthermore,  if  finer  graduations  should  be  needed  for  any  purpose, 
they  could  easily  and  accurately  be  inserted  by  using  this  curve. 

In  a  similar  manner  the  He  curve  registers  the  graduations  on  the 
height  axis.  The  lower  portion  of  this  curve,  however,  applies  to 
heights  of  from  10  to  100,  and  the  upper  to  heights  above  100.  The 
Vmc  curve  applies  in  the  same  way  to  the  volume  axis,  but  this  is 
in  six  sections  because  of  the  large  range  of  volume  involved.  The 
lowest  section  apphes  to  volumes  from  0.01  to  0.10  cubic  foot  and 
the  highest  to  1,000  cubic  feet  or  more. 

The  Vc  curves  apply  to  nothing  on  the  alinement  chart  but  can  be 
used  to  graduate  the  volume  axis  so  that  it  will  give  cyHiider  volumes, 
if  a  cy  finder- volume  chart  is  desired. 

It  will  also  be  noted  that  all  coordinate  fines  have  been  removed 
from  the  chart  in  narrow  strips  along  each  of  the  axes.  This  is  to 
permit  the  entry  of  new  graduations  as  the  work  progresses,  for  it 
will  be  possible  to  make  one  copy  of  the  chart  serve  throughout  the 
entire  process  of  the  preparation  of  one  volume  table. 

The  charts  actually  used  are  considerably  larger  than  Figure  1. 
The  precise  size  is,  of  course,  immaterial,  but  those  used  by  the 
Forest  Service  are  approximately  10  by  20  inches. 

ASSEMBLY  OF  THE  DATA 

With  one  of  these  charts  at  hand,  the  first  step  in  the  actual 
preparation  of  a  volume  table  is  to  assemble  the  existing  data,  wliich 
it  is  assumed  have  been  collected  in  the  field  in  the  usual  way.  The 
tree  sheets  should  be  sorted  into  1-inch  (or  sometimes  2-inch)  dia- 
meter classes,  and  then  subsorted  into  10-foot  (or  sometimes  5-foot 
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or  20-foot)  height  classes.*  A  convenient  form  for  tabular  assembly 
is  shown  in  Table  1,  which  is  but  the  first  sheet  of  several  wliich  are 
required.  Each  tree  occupies  a  line,  wdth  the  original  data  in  the 
first  four  colunms.  It  wdll  be  noted  that  three  spaces  are  left  after 
each  d.  b.  h.-height  class,  tv/o  for  totals  and  averages  and  one  to 
separate  the  classes.  By  measured  volume  is  meant  the  volume 
obtained  from  the  field  measurements  by  scaling,  by  computation, 
or  by  planimetering  taper  graphs. 

THE  FIRST  CORRECTION  OF  THE  CHART 

The  next  step  is  to  fill  column  5  of  Table  1  by  use  of  the  base 
alinement  chart.     For  each  tree  a  first-estimate  volume  is  obtained 
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VOLUME 


Figure  2.— The 


mea.niTed — first  estimate  curve  based  on  columns  4  and  5  of  Talile  1. 
of  this  the  \'„,c  graduating  curve  of  Figure  1  is  readjusted 


By  means 


by  extending  a  straightedge  **  from  a  point  on  the  left-hand  axis 
corresponding  to  the  diameter  to  a  point  on  the  right-hand  axis 

*  Two  methods  of  sorting  are  ahnost  equally  usal)le;  the  8-incli  diameter  chkss,  for  exami)le,  may  include 
trees  from  7.5  to  8.4  inches  or  trees  from  8.0  to  8.9  inclies.  The  average  diameter  in  t  he  first  c;ise  will  be  close 
to  8.0  and  in  the  second  close  to  8.5.  In  the  final  volume  table,  volumes  will  be  entered  for  8.  rather  than 
8.5,  but  it  does  not  follow  from  this  fi'ct  that  tliere  is  any  advanlage  in  I  lie  first  system  of  sorting.  In  i^ot- 
ting,  the  actual  average  diameters  can  and  sliould  be  used,  and  tho  (inal  results  may  be  read  from  curves 
or  alinement  charts  for  even-inch  diameters.  When  hand  sorting  by  the  second  method,  tenths  of  inches 
are  ignorcMl,  tlius  eliiniiiat  log  errors  in  classifying,  and  increasing  speed.  Where  luinehed  cards  are  used 
in  connection  with  labiijating  nia<liinery,  .sorting  is  smnewhat  siniplilied  by  the  8. 0-8. 'J  classiUcivtion,  and 
this  has  therefore,  bt^en  made  slaiidiird  by  the  Forest  Service. 

'  A  stiff  strip  of  transparent  celluloid  with  i)  flue  straight  line  etched  ou  it  is  preferable  to  a  straightedge 
because  shadows  are  eltniinated. 
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corresponding  to  the  height,  and  reading  its  intersection  with  the 
central  axis.  When  all  volumes  have  been  so  obtained,  both  measured 
and  first-estimate  volumes  are  totaled  and  averaged  for  each  d.  b.  h.- 
height  class.  The  averages  ^  are  then  plotted  on  logarithmic  cross- 
section  paper,  with  measured  values  on  the  vertical  and  first-estimates 
on  the  horizontal  scale,  and  a  curve  is  fitted.  A  characteristic  result 
is  shown  in  Figure  2.    This  is  not  the  entire  curve.    The  lowest  point 


Table  L — Chestnut  volume  table  computation  form 


Dia- 
meter 
breast 

higii 

(2) 

Total 
heigiit 

(3) 

Volume 

Devi- 
ation 
(per 
cent  of 
last  esti- 
mate) 

(10) 

Tree  No. 

Meas- 
ured 

(4) 

Estimate 

(1) 

First 
(5) 

Second 
(6) 

Third 

(7) 

Fourth 
(8) 

Fifth 

(9) 

16                              

Inches 
1.0 
1.0 
1.0 
1.0 

1. 1 
1. 1 
1.1 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 

Feet 
15 
16 
17 
18 
15 
16 
16 
16 
16 
15 
16 
16 
19 
16 
18 
16 
16 
18 
18 
19 
18 
16 
16 
18 
17 

Cu.  ft. 
0.05 
.05 
.05 
.06 
.07 
.07 
.07 
.07 
.07 
.08 
.08 
.09 
.10 
.10 
.10 
.08 
.09 
.10 
.11 
.11 
.12 
.12 
.17 
.17 
.19 

Cu.  ft. 
0.03 
.01 
.04 
.04 
.04 
.04 
.04 
.05 
.05 
.05 
.05 
.05 
.06 
.06 
.07- 
.07 
.07 
.08 
.08 
.08 
.09 
.09 
.10 
.13 
.13 

Cu.  ft. 
0.04 
.05 
.05 
.05 
.05 
.06 
.06 
.07 
.07 
.07 
.07 
.07 
.09 
.09 
.10 
.10 
.10 
.11 
.11 
.12 
.13 
.13 
.15 
.18 
.19 

Cu.  ft. 
0.04 
.05 
.05 
.05 
.05 
.00 
.06 
.07 
.07 
.07 
.07 
.07 
.09 
.09 
.10 
.10 
.10 
.11 
.11 
.12 
.13 
.13 
.15 
.18 
.19 

Cu.  ft. 

Cu.  ft. 

25 

17                           

0 

18       

0 

19                              

20 

20                    .       

40 

21   

17 

22                                   

17 

23                    -       

0 

24     

0 

25 

14 

26         -                 -       

14 

28 

29 

30 

11 

27     .                  .              _       _  . 

11 

29 

0 

31 

20 

33                                  

10 

32       .     -- 

9 

35 

0 

36                       .              -- 

g 

34             

8 

37 

8 

54 

13 

63             

6 

55 

0 

Total" 

32.6 
].3 

417 
17 

2.37 
.09 

1.63 
.07 

2.31 
.09 

2.31 
.09 

Average . 

38 

1.1 
1.1 
1.3 
1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.6 
1.6 
1.7 
1.8 
1.8 
1.9 

20 
20 
20 
20 
23 
20 
21 
21 
23 
23 
25 
22 
24 
20 
22 
23 
21 

.08 
.08 
.10 
.11 
.13 
.13 
.13 
.14 
.14 
.15 
.16 
.19 
.16 
.18 
.24 
.24 
.23 

.05 
.05 
.07 
.07 
.08 
.08 
.09 
.09 
.10 
.10 
.10 
.12 
.13 
.13 
.16 
.16 
.16 

.07 
.07 
.11 
.11 
.12 
.13 
.13 
.13 
.14 
.14 
.15 
.18 
.19 
.18 
.22 
.23 
.24 

.07 
.07 
.11 
.11 
.12 
.13 
.13 
.13 
.14 
.14 
.15 
.18 
.19 
.18 
.22 
.23 
.24 

14 

39     .   .       .       

14 

40 

9 

41 

0 

42                    -       

8 

46 

0 

44 

0 

47..                       .       

8 

48 

0 

45 

7 

49 

7 

50 

6 

51 

16 

52 

0 

56 

9 

57 

4 

68.. 

4 

Total  f> 

24.9 
1.5 

368 
22 

2.59 
.15 

1.74 
.10 

2,54 
.15 

2.54 
.15 

Average. . 

»  Total,  25  trees. 


>>  Total,  17  trees. 


'  The  individual  values  instead  of  the  averages  could,  of  course,  be  plotted,  but  the  labor  would  be  great 
and  the  curve  fitting  more  difficult.  There  is,  moreover,  a  theoretical  advantage  in  resorting  the  values, 
both  measui'ed  and  estimated,  on  the  basis  of  the  first  estimates,  before  averaging  and  plotting,  but  in 
most  cases  the  increased  accuracy  of  the  result  is  not  enough  to  justify  tlie  additional  labor.  The  use  of 
d.  b.  h. -height  classes  is  equivalent  to  a  rough  sorting  by  first  estimates,  in  which  adjacent  groups  more 
or  less  overlap,  but  appreciable  errors  can  hardly  be  caused  by  this  rough  sorting,  because  the  resulting 
curves  will  be  nearly  straight  lines. 
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on  the  curve,  however,  may  be  identified  as  that  based  on  the  second 
group  in  Table  1.  It  will  be  seen  that  the  curve  is  very  nearly  a 
straight  hne  and  that  the  definition  is  excellent.  The  logarithmic 
paper  is  used  merely  because  of  the  difficulty  of  plotting  and  reading 
the  smaller  values  on  ordinary  paper;  the  shape  of  the  curve  would 
be  the  same  on  regular  coordinate  paper. 

Were  the  curve  a  45°  straight  line  passing  through  the  points 
(1,  1)  (10,  10),  etc.,  this  would  indicate  that  the  first  estimates  agreed 
on  the  whole  ^\ith  the  measured  values  and  that  the  original  chart 
was  satisfactory  without  alteration.  Usually  this  is  not  the  case,  and 
the  curve,  instead  of  confirming  the  chart,  becomes  a  means  of  correct- 

The  simplest  way  to  perform  this  correction  is  to  revise  the  graduat- 
ing cm've  Vmc  fii'st  and  then  to  use  this  revised  curve  to  regraduate 
the  volume  axis.     The  method  is  as  follows: 

From  Figure  2  it  can  be  seen  that  for  a  first  estimate  of  0.1  cubic 
foot  the  corresponding  measured  (or  "true")  volume  is  0.146.^  The 
0.1  point  on  the  Vmc  curve  (fig.  3),  wliich  is  its  intersection  with  the 
vertical  representing  0.1,  must  therefore  be  shifted  horizontally  to  the 
vertical  representing  0.146.  Similarly,  the  point  where  it  intersects 
the  0.2  vertical  must  be  shifted  to  the  vertical  representing  0.28,  etc. 
When  enough  of  the  points  on  the  curve  have  been  thus  sliiftcd,  a 
revised  graduating  curve  can  be  drawn  through  their  new  positions. 
By  using  this  graduating  curve,  a  new  set  of  graduations  can  be  entered 
on  the  blank  or  left  side  of  the  volume  axis.  The  new  graduating 
curve  can  be  seen  in  Figure  3,  marked  Vi,^  as  well  as  the  new  volume 
graduations  which  correspond  to  it. 

It  is  advisable  to  enter  these  new  graduations  in  soft  pencil  so  they 
may  be  erased  if  further  revision  is  later  found  necessary.  The  grad- 
uating curve  itself  should  therefore  be  inked  in  for  permanent  record. 
To  avoid  confusion  between  the  various  graduating  curves  which  will 
eventually  appear  on  the  one  chart,  various  colors  are  almost  indis- 
pensable. 

THE  SECOND  CORRECTION  OF  THE  CHART 

A  set  of  second  estimates  of  volume  are  next  read  from  the  revised 
chart  and  entered  in  column  6  of  Table  1.  These  should,  on  an 
average,  be  much  closer  to  the  measured  volumes  than  the  first 
estimates. 

Since  a  change  in  the  volume  scale  has  resulted  in  a  closer  agree- 
ment with  the  basic  data,  it  is  obvious  that  further  improvement  might 
be  obtained  by  changes  in  either  the  diameter  scale,  the  height  scale, 
or  both.  The  first  of  these  possibilities  is  investigated  by  summa- 
rizing by  diameter  classes,  disregarding  height,  the  height-diameter 
class  totals  of  certain  items.  These  may  appear  in  the  form  shown 
in  Table  2,  which  like  Table  1  is  incomplete.  Table  2  is  summarized 
in  complete  form,  however,  in  Table  3. 

'  So  acciirnto  a  rpadinp;  is  of  course  impossible  in  Fijairo  2  as  here  shown.  This  fipiro  is  preatly  reduced  in 
scale  from  that  actually  used,  aud  this  reduction  has  made  it  necessary  to  omit  most  of  the  vertical  and 
horizontal  rulings. 

'  bubscriplii  Ueuolo  the  estimate  from  which  the  revised  graduation  curve  was  derived. 
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Table  2. — Recaj 

ntulatioT 

I  by  diameter  classes  after  second  estimate 

Total 

height 

class 

(2) 

Trees 
(3) 

Totals  of— 

DiSer- 

ence  of 

second 

estimate 

(7) 

New 

Diameter  breast  high  class 
(inches) 

(1) 

Diameter 

breast 

high 

(4) 

Second 
estimate 
volume 

(5) 

Measured 
volume 

(6) 

gradua- 
tion dis- 
tance 

(8) 

1  0-1  9 

Feet 
f      10-19 
I      20-29 

Number 
25 
17 

Inches 
32.6 
24.9 

Cu.ft. 
2.31 
2.54 

Cu.ft. 
2.37 
2.59 

Per  cent 

Total 

42 

57.5 
1.4 

4.85 
1.15 

4.96 
1.18 

4-2.3 

Average 

1.4 

I      20-29 
{       30-39 
1      40-49 

15 

18 

1 

35.0 

46.5 

2.7 

6.3 

11.7 

.8 

6.6 

11.4 

.8 

2.0-2.9 

Total 

34 

84.2 
2.5 

18.8 
.553 

18.8 
.553 

0.0 

Average 

2.5 

(      20-29 
{       30-39 
I      40-49 

5 
23 

12 

17.2 
80.8 
41.7 

4.4 
27.0 
17.3 

4.7 
27.0 
17.2 

3.0-3.9 

Total 

40 

139.7 
3.5 

48.7 
1.22 

48.9 
1.22 

-1-0.4 

Average 

3.5 

20-29 
30-39 
40-49 
50-59 
60-69 

1 

13 
23 

9 

1 

4.5 

56.3 

103.9 

39.9 

4.9 

1.4 
23.0 
55.4 
23.9 

3.8 

1.6 
23.3 
56.5 
26.9 

2.9 

4.0-4.9 

Total. 

47 

209.5 
4.5 

107.5 
2.29 

111.2 
2.37 

-h3.4 

Average 

4.6 

30-39 
40-49 
50-59 
60-69 

6 
23 
30 

2 

31.8 
122.4 
165.8 

10.9 

17.4 

79.5 

128.4 

9.4 

17.1 

82.5 

126.9 

9.5 

5  0-5  9 

Total 

61 

330.9 
5.4 

234.7 
3.85 

236.0 

3.87 

-1-0.6 

Average 

5.4 

40-49 
50-59 
60-«9 
70-79 

12 

30 

9 

1 

77.3 

194.4 

58.6 

6.5 

60.8 

178.3 

63.1 

8.1 

58.6 

178.6 

62.7 

8.8 

6  0-6  9 

Total. 

523 

36.8 
6.5 

310.3 
5.97 

308.7 
5.94 

-0.5 

Average 

6.5 

Table  3. — Summary  of  Table  2  for  all  diameter  classes  ' 


Aggregate 
diameter 

breast 

high 

Volume 

Differ- 
ence,2 
meas- 
ured- 
second 
estimate 

Diameter  breast  high 

Trees  (number) 

Aggregate 

Average 

Average 

New 
gradu- 
ation 
distance 

Second 
estimate 

Meas- 
ured 

Second 
estimate 

Meas- 
ured 

42 

Inches 

57.5 

8-1:2 

139.7 

209.5 

330.9 

336.8 

442.1 

543.6 

554. 3 

604.5 

719.6 

408.4 

377.  6 

302.  0 

355.9 

246.7 

52.3 

37.1 

Cu.ft. 

4.85 

18.8 

48.7 

107.5 

234.  7 

310.3 

498.4 

727.2 

867.6 

1,068.4 

1,41.5.4 

8.I7.8 

8,34.6 

744.  3 

934.6 

716.4 

142.1 

120.4 

Cu.  ft. 

4.96 

18.8 

48.9 

111.2 

236.  0 

308.  7 

488.9 

729.8 

881.3 

1,077.2 

1,453.4 

8.57. 0 

866.0 

753.  1 

939.0 

690.9 

128.6 

111.2 

Cu.  ft. 
0.  115 
.553 
1.22 
2.29 
3.85 
5.97 
8.45 

11.4 

14.7 

18.4 

22.  5 

25.  7 

29.8 

35.4 

40.6 

47,8 

47.4 

60.2 

Cu.  ft. 
0.118 
.  553 
1.22 
2.37 
3.87 
5.94 
8.29 

11.4 

14.9 

18.6 

23.1 

26.0 

30.9 

35.9 

40.8 

46.1 

42.9 

55.  6 

Per  cent 

4-2.3 

0.0 

+.4 
-f3.4 

+.6 

-.5 
-1.9 

-I-.4 
4-1.6 

4-.  8 
4-2.7 
4-1.1 
4-3.8 
4-1.2 

4-.  5 
-3.6 
-9.5 
-7.6 

Inches 

1.4 

2.5 

3.5 

4.5 

5.4 

6.5 

7.5 

8.5 

9.4 

10.4 

11.4 

12.4 

13.5 

14.4 

15.5 

16.4 

17.4 

18.6 

Inches 
1  4 

34 . 

2  5 

40 

3  5 

47      . 

4  6 

61 

5  4 

62 

6  5 

69 

7  4 

64 

8  5 

69 

9  5 

68 

10  5 

63 

11.6 

33 

12  5 

28 

13.7 

21 

14.5 

23 

15.  5 

16 

16.  1 

3 

16.4 

2 

17.8 

704 

9. 642.  05 

0, 704.  06 

1  ThI.s  condensed  form  Is  the  one  actually  used,  but  Table  2  Illustrates  better  how  the  data  are  combined. 
•  Computed  from  aggregate  rather  than  average  volumes. 
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Following  the  total-height  classes  under  each  height-diameter  class 
in  Table  2,  three  Hnes  are  left  for  totals,  averages,  and  to  separate  the 
d.  b.  h.  classes.  When  each  height-diameter  class  has  been  entered, 
the  diameter-class  totals  and  averages  are  calculated  and  entered. 
The  percentage  differences  between  the  measured  and  estimated 
volumes,  using  the  estimates  as  the  base,  are  then  computed  and 
entered  in  column  7. 

The  purpose  of  this  step  is  to  discover  whether  there  is  any  residual 
correlation  between  the  volume  errors  of  the  revised  chart  and  diam- 
eter. If  there  were  none,  the  percentages  in  column  7  would  either 
all  be  approximately  zero,  or,  what  is  more  normally  the  case  where 
the  number  of  trees  used  is  Umited,  would  at  least  have  no  well- 
defined  trend  away  from  zero.  In  some  cases  this  may  be  judged  by 
inspection,  but  it  will  usually  be  necessary  to  plot  the  percentages  of 
colunrn  7  over  the  average  diameters  of  column  4.  A  typical  result 
is  illustrated  in  Figure  4.  It  will  be  seen  that  there  is  in  this  case  a 
fairly  well-defined  trend,  which  shows  that  the  chart  in  its  present 
form  tends  in  particular  to  overestimate  the  volume  of  trees  above 
16  inches  in  diameter. 
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Figure  4. — Percentage  deviations  between  measured  and   estimated    (second)    volumes  over 
d.  b.  h.    A  correction  of  tlie  diameter  scale,  particularly  at  the  upper  end,  is  indicated 

If  a  change  is  necessary,  the  desired  correction  is  accomplished  by 
shifting  each  graduation  on  the  diameter  axis  to  such  a  position  that 
the  measured  or  "true"  volumes  will  be  read  on  the  volume  axis 
instead  of  the  corresponding  second  estimates.  _  This  is  done  as  follows : 

For  each  of  the  diameter-class  averages  in  Table  2  pass  a  Hne 
through  the  average  d.  b.  h.  (as  shown  in  column  4  of  the  table)  and 
the  average  second-estimate  volume  and  hold  its  intersection  with 
the  height  axis  (this  is  in  a  sense  the  average  height  for  this  diameter 
class);  then  pivoting  on  this  point,  shift  the  Une  so  that  it  passes 
through  the  average  measured  volume  and  note  the  diameter  reading 
at  which  it  intersects  the  diameter  axis.  Tliis  process  is  illustrated 
in  Figure  5,  which  shows  the  procedure  for  the  class  averaging  18.6 
inches,  which  has  an  average  second-estimate  volume  of  60.2  and  an 
average  measured  volume  of  55.6.  This  gives  the  new  position  of  the 
particular  d.  b.  h.  used,  the  graduation  distance  being  expressed  in 
terms  of  the  original  scale.  The  value  noted,  17.8  in  the  instance 
illustrated,  is  entered  in  the  last  column  of  Table  2  or  Table  3.  Table 
3  illustrates  the  form  actually  employed.  Table  2  illustrates  more 
completely  the  manner  of  combining  the  d.  b.  h.-height  classes. 
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FiGURE  5.— Method  of  determining  new  graduation  distances  on  diameter  axis 
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The  graduation  distances  thus  determined  are  then  plotted  over 
the  average  d.  b.  h.  of  the  class  on  regular  coordinate  paper,  and  a 
curve  is  fitted,  as  in  Figure  6. 

This  curve  may  then  be  used  to  regraduate  the  diameter  axis. 
For  example,  in  Figure  6  the  graduation  distance  for  a  d.  b.  h.  of  18 
inches  is  seen  to  be  17.3.  The  new  position  of  the  18-inch  gradua- 
tion is  therefore  opposite  17.3  on  the  old  scale,  etc.  This  altered 
series  of  graduations  should  be  entered  in  pencil,  but  may  well  be 
permanently  recorded  by  means  of  a  revised  graduating  curve  in  ink, 
labeled  D2. 
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Figure  6.— Curve  fitted  to  graduation  distances  derived  by  means  of  Figure  5 

The  curves  of  Figures  4  and  6  are  merely  two  different  expressions 
of  the  same  facts.  In  the  former  a  horizontal  straight  Une  indicates 
that  no  change  need  be  made;  in  the  latter  a  45°  straight  hne  means 
the  same  tiling.  It  is  therefore  desirable  to  omit  Figure  4,  and  with 
it  colunm  7  of  Table  2,  since  the  curve  of  Figure  6  not  only  indicates 
the  need  for  change  but  also  provides  the  mechanism  for  making  it. 

Before  reading  a  new  series  of  estimates,  a  similar  process  should 
be  performed  for  height.  The  same  information  from  the  second 
estimate  should  be  summarized  by  height  classes,  regardless  of  diam- 
eter. If  any  readjustments  of  the  height  scale  are  found  to  be 
necessary,  they  should  be  made  exactly  as  for  diameter.  The  process 
illustrated  in  Figure  5  is,  however,  now  exactly  reversed;  a  line  is 
passed  through  each  average  height  and  average  second-estimate 
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volume  to  an  intersection  with  the  diameter  axis,  wliich  is  held  as  a 
pivot,  etc.,  etc._  The  resulting  chart,  which  may  have  all  three  axes 
now  modified,  is  considered  a  third  approximation,  and  a  series  of 
third  estimates  is  read  and  entered  in  column  7  of  the  original  table. 
For  the  example  at  hand,  no  correction  for  the  H  axis  was  indicated. 
H2  is,  therefore,  identical  with  He. 

THE  THIRD  CORRECTION  OF  THE  CHART 

When  column  7  has  been  totaled  and  averaged  by  height-diameter 
classes,  a  third  correction  may  be  made  which  is  in  every  w^ay  similar 
to  the  first.     The  adjustment  of  the  height  and  diameter  axes  may 


5) 
-J 
O 


^    9 

Q..8 

5). 7 

5 


.2 


' 

^r 

'/ 

Y 

:s 

9 

/ 

24     1 

30 

/ 

7 

/ 

Z 

'iz 

9. 

r 

23/6 

r 

,3/ 

5 

/ 

1 

/ 

/ 

18 

/ 

/ 

IS 

/ 

/ 

/ 

/ 

.2 


.4       .5    .6    ,7  .8  .9    I  2 

THIRD   eistimate;    volume: 


6     7    8  9  10 


Figure  7. 


-The  measured — third  estimate  curve  based  on  columns  4  and  7  of  Table  1. 
straight  line  indicates  that  no  further  revision  is  necessary 


The  45° 


have  thrown  the  volume  axis  out  of  adjustment,  and  this  must  be 
tested.  Average  measured  volumes  are  therefore  now  plotted  over 
average  third  estimates.  The  curve  will  resemble  in  general  Figure 
2,  but  will  approach  more  nearly  a  45°  straight  line.  In  the  case 
which  is  being  illustrated  it  is,  indeed,  exactly  a  45°  straight  line,  and 
this  shows  that  no  further  improvement  can  be  made.     (Fig.  7.) 

While  this  is  n  noniiMl  result,  it  sometimes  happons  lliat  some  curve 
or  some  line  is  (ieiiued  which  is  not  a  45''  line  passing  through  the 
(1,   1)  point.     In  this  case  the  volume  scale  must  be  recorrected, 
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using  exactly  the  same  process^  as  was  used  in  maldng  the  first 
correction.  This  new  graduation  curve  is  labeled  V3,  The  first 
penciled  corrections  must  be  erased  from  the  volume  axis  and  new 
ones  entered  by  means  of  the  graduating  curve  V3,  which  should  be 
in  ink  as  before. 

The  revision  of  the  chart  permits  a  series  of  fourth  estimates  to  be 
read. 

FOURTH  AND  SUBSEQUENT  CORRECTIONS  OF  THE  CHART 

If  the  previous  step  has  resulted  in  an  alteration  of  the  chart — 
other  than  that  indicated  by  a  45°  straight  line,  not  through  (1,1) 
(10,  10)  which  merely  raises  or  lowers  the  entire  scale — a  fourth  cor- 
rection should  be  made.  This  is  similar  in  every  way  to  the  second 
correction,  already  described,  except  that  the  fourth  estimates  are 
used.  Probably  neither  the  height  nor  diameter  axis  can  be  further 
improved,  but  if  any  improvement  is  possible  it  should,  of  course,  be 
made.^°  In  this  case  a  fifth  correction  similar  to  the  first  and  third 
should  be  attempted. 

In  other  words,  the  two  types  of  correction  described  should  be 
alternately  applied  until  a  stage  is  reached  where  no  further  correction 
is  indicated.  When  this  result  has  been  attained  the  volume  table 
is  considered  complete  except  for  the  translation  of  the  chart  into  a 
table  of  the  customary  form. 

The  final  appearance  of  the  base  chart  in  the  case  which  has  been 
illustrated  is  shown  in  Figure  3.  The  revised  graduating  curves  for 
volume  (Vi)  and  for  diameter  (D2)  will  be  seen,  with  the  correspond- 
ing new  scales  on  the  volume  and  diameter  axes. 

THE  NUMBER  OF  APPROXIMATIONS  NECESSARY 

Fortunately  the  technic  described  rarely  requires  many  repetitions. 
In  some  of  the  cases  which  have  been  worked  out  by  the  Forest  Serv- 
ice a  single  correction  of  the  volume  axis  has  been  all  that  has  been 
necessary,  the  attempt  to  make  second  corrections  merely  establish- 
ing this  fact.  It  is  rare  to  have  to  make  more  than  three  corrections. 
The  process,  then,  is  by  no  means  laborious.  The  last  estimate 
indicating  completion  of  the  chart  is  not  wasted,  since  these  values 
are  needed  for  the  checks  to  be  made. 

FINAL  PREPARATION  OF  THE  VOLUME  TABLE 

The  final  graduations  of  the  chart  are  inked  in,  and  if  a  volume 
table  in  alinement-chart  form  is  desired,  a  tracing  is  made  of  the  three 
axes  only  with  their  final  scales.  This  may  be  reproduced  photo- 
graphically, in  reduced  size  if  desired.  A  typical  result  is  shown  in 
Figure  8.     (The  two  diameter  scales  wiU  be  discussed  later.) 

A  final  table  may  also  be  read  from  the  chart.  The  conventional 
tabular  form  is  more  convenient  for  most  purposes,  but  the  chart 
form  is  very  useful  in  any  work  where  interpolations  in  the  table 
are  necessary. 

9  Graduation  curve  Vi,  rather  than  Vmc,  is,  of  course,  used  in  making  this  correction. 
1"  The  new  graduation  distances  should  be  obtained  from  the  diameter  and  height  scales  from  the  Da 
and  H2  gi'aduating  curves. 


16    TECHNICAL  BULLETIN  304,  U.  S.  DEPT.  OF  AGRICULTURE 


SECOND-GROWTH  CHESTNUT 

CCASTANEA    DENTATA) 

CONNECTICUT   NEW  YORK    MARYLAND    KENTUCKY 
TENNESSEE   AND  OHIO 

V.A.CLEMENTS  1929  ENTIRE  STEM 

LESS  BARK 
CUBIC  FEET 


D.B.H. 
INCHES 
OB.  I.B. 


2^  — 
20 


15- 


a— 


20 


I  5 


10 
9 


_—  5 


3  — 


—  I 
I— i 


VOLUME 
CU.  FT. 


100- 
90- 
80- 
70- 
60- 


50  — 
40- 


30-: 


20  — 


10- 
9- 

e- 

7- 

fl- 

5-= 

4  — 

3-^ 


2  — 


1.0- 
09- 
0.8- 
07- 
0.6- 
05- 


03-= 
02-: 

0.1- 
O07- 


TOTAL 

HEIGHT 

FEET 

I— 100 


—  90 


80 


—  70 


—  «0 


•50 


■40 


—  30 


BASIS:  704   TREES   MEASURED    BY    THE   CENTRAL 
STATES   FOREST    EXPERIMENT    STATION^   SCHWAR2, 
FROTHINGHAM^  AND  OTHERS. 

STUMP  1.0  FT  HIGH    MEASURED   AS    A    CYLINDER 

VOLUME    MEASURED    BY     PLANIMETER. 

AGGREGATE    DEVIATION     CHART     0.4/'.  LOW 

AVERAGE    PERCENTAGE    DEVIATION,  7.4  "/. 


—  20 


10 


Figure  8.— The  final  volume  table  in  alinement-chart  form 
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MEASURES  OF  ACCURACY  OF  THE  FINAL  TABLE 

It  is  customary  to  calculate  two  measures  of  accuracy  for  any  volume 
table.  These  are  the  aggregate  deviation  and  the  average  percentage 
deviation. 

The   aggregate   deviation  is  merely   the   difference   between   the 

grand  totals  of  the  measured  and  last-estimated  volumes  (columns  4 

and  7,  Table  1)  and  is  expressed  as  a  percentage  of  the  grand  total 

of  the  measured  volumes.     It  can  be  most  clearly  presented  as  follows : 

Aggregate  deviation:  Chart per  cent  high  (or  low). 

Tliis  serves  merely  as  a  check  on  the  accuracy  wdth  which  the 
curves  have  been  balanced  and  does  not  check  the  form  of  the  curves, 
which  depend  on  good  technic  in  fitting  the  measured-estimate 
cm'ves  and  the  correction  curves  for  height  and  diameter.  If  the 
aggregate  deviation  is  less  than  0.5  per  cent  for  important  tables  and 
less  than  1  per  cent  for  secondary  tables,  the  result  is  considered 
satisfactory." 

The  average  percentage  deviation  is  computed  from  the  measured 
and  last-estimated  volumes  of  the  individual  trees.  The  difference 
between  the  measured  and  last-estimated  volume  is  expressed  as  a 
percentage  of  the  estimated  volume.  Shde-rule  accuracy  is  sufficient. 
An  alinement  chart  which  gives  the  percentage  deviation  directly 
from  a  setting  of  measured  and  estimated  volumns  is  shown  in  Figure 
9.  The  percentages  may  be  entered  in  a  final  column  of  Table  1. 
Signs  are  disregarded.  The  percentages  are  totaled  and  averaged, 
and  the  result  may  be  presented  as  follows: 

Average  percentage  deviation, per  cent. 

A  PERMISSIBLE  SHORT  CUT  IN  READING  THE  SECOND  ESTIMATES 

In  the  foregoing  pages  it  was  stated  that  the  second  estimate  should 
be  read  from  the  corrected  base  chart.  It  is  somewhat  easier  to 
obtain  these  values  indirectly  from  the  first  estimates  by  means  of  the 
measured-over-first-estimate  curve.  (Fig.  2.)  For  example,  tree  No. 
54  in  Table  1  has  a  first-estimate  volume  of  0.10.  On  Figure  2  it  will 
be  seen  that  the  curve  above  0.10  reads  0.15,  and  this  can  be  entered 
as  the  second  estimate.  The  results  should  be  approximately  iden- 
tical with  estimates  read  by  means  of  d.  b.  h.  and  height  from  the  cor- 
rected alinement  chart,  but  being  based  on  a  single  value  (the  first 
estimate)  instead  of  on  two  values  (the  diameter  and  the  height)  they 
can  be  more  quickly  obtained.  It  is  well  to  check  a  few  values  by 
both  methods  to  insure  against  blunders  in  correcting  the  chart. 

Similarly,  fourth  estimates  may  be  read  from  the  measured — third 
estimate  curve. 

THE  ORDER  IN  WHICH  THE  CORRECTIONS  ARE  MADE 

It  may  have  been  noted  that  in  the  procedure  described,  the  order 
of  the  operations  has  been  reversed  from  that  which  is  normal  in  the 
more  general  method  of  curvilinear  multiple  correlation.  The 
reason  for  this  is  that  form  factor  usually  is  more  closely  correlated 
with  volume  than  with  either  diameter  or  height.  If  the  height  and 
diameter  axes  are  corrected  first,  curvature  may  be  thrown  into  one 

'•  Society  of  American  Foresters  (Committee  on  standardization  of  volume  and  yield  tables),    meth- 
ods OF  PREPARING  VOLUME  AND  YIELD  TABLES.    J  OUT.  Forestry  24:653,  Item  37  (a).     1924. 
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of  their  graduating  curves  which  belongs  in  that  for  the  vokime  axis. 
If  this  happens  it  may  require  several  corrections  to  transfer  it  to  the 
volume  axis.  In  actual  experience  it  has  been  found  that  several 
more  estimates  are  usually  required  if  the  height  and  diameter  axes 
are  corrected  first. 

TABLES  OF  VOLUME  IN  CUBIC  FEET  OF  ENTIRE  STEM,  INCLUDING 

BARE 

If  it  is  desired  to  make  a  volume  table  in  which  the  stated  volume 
is  to  include  the  bark  the  same  base  chart  may  be  used.  Since  the 
geometrical  solid  on  which  the  form  factor  is  based  is  the  same  in 
either  case,  i.  e.,  a  cylinder  having  a  diameter  equal  to  the  d.  b.  h. 
outside  the  bark,  it  is  obvious  that  the  form  factor  for  the  volume  in- 
cluding bark  will  be  higher  than  for  that  omitting  it.  It  might  theo- 
retically be  preferable,  therefore,  to  use  a  slightly  altered  chart  in 
which  the  "modified  cylinder"  volumes  were  those  of  a  cylinder 
multiplied  by  some  factor  such  as  0.45  instead  of  0.40.  In  practice, 
however,  the  difference  would  be  very  slight  and  would  appear  merely 
as  a  slight  horizontal  displacement  of  the  curve  such  as  is  illustrated 
in  Figure  1,  since  the  estimates  would  all  be  increased  by  a  constant 
percentage.  The  difference  will  therefore  completely  disappear  in  the 
second  estimate. 

TABLES  BASED  ON  D.  B.  H.  INSIDE  OF  BARK 

There  is  a  strong  possibility  that  in  some  cases  a  volume  table  made 
in  a  certain  locality  wiVL  not  be  usable  in  a  different  locality  because 
of  a  difierence  in  the  average  thickness  of  the  bark.  This  is  particu- 
larly true  when  the  volume  given  is  inside  the  bark  while  the  diameter 
measurement,  the  d.  b.  h.,  is  outside  the  bark.  There  are,  therefore, 
some  advantages  in  preparing  the  alinement  chart  in  such  a  form  that 
d.  b.  h.  inside  of  bark  may  be  used  as  an  alternative.  If  this  is  done 
the  correction  of  the  table  to  apply  to  a  new  locality  may  be  sunphfied. 

It  is  a  simple  matter  to  prepare  a  curve  showing  inside  bark  d.  b.  h, 
over  outside  bark  d.  b.  h.  for  the  basic  data  of  the  table.  The  readings 
of  this  curve  can  then  be  transferred  to  the  diameter  axis  of  the 
finished  chart,  marldngd.  b.  h.  inside  of  bark  opposite  the  corresponding 
d.  b.  h.  outside  of  bark  on  the  final  scale.  This  has  been  done  ia 
Figure  8. 

It  is  equally  possible  to  work  from  the  beguming  with  diameters 
inside  of  bark,  and  then  later  enter  additional  graduations  applying  to 
diameters  outside  of  bark.  Somewhat  better  definition  of  the  various 
curves  is  obtained  if  diameters  inside  bark  are  used.  As  a  matter  of 
fact,  the  chestnut  table  illustrated  in  Figure  3  was  thus  prepared,  and 
the  diam^eter  graduations  there  given  are  for  d.  b.  h.  iuside  of  bark. 
The  d.  b.  h.  graduating  curve  for  outside  of  bark  has  been  omitted 
for  simplicity. 

THE  FORM  OF  BASE  CHART  FOR  MERCHANTABLE  VOLUME  IN  CUBIC 

FEET 

It  would  be  possible  to  use  the  base  charts  already  described  for 
volume  tables  giving  the  merchantable  volume  in  cubic  feet  to  some 
fixed  standard  of  top  utilization,  such  as  4  inches.  It  is  preferable, 
however,  to  use  a  slightly  different  chart  giving  first-estimate  volumes 
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which  are  a  Uttle  closer  to  the  actual  measured  volumes  of  the  trees, 
and  diameter-correction  curves  (such  as  those  in  Figure  6)  which  are 
more   nearly  straight  lines. 

The  chart  adopted  by  the  Forest  Service  is  based  on  the  parab- 
oloid. This  is  the  simplest  geometrical  solid  which  is  closely  similar 
to  a  tree.     The  formula  for  the  volume  of  a  paraboloid  is 

2 

where  T"  is  the  volume  in  cubic  feet,  B  the  area  of  the  base  in  square 
feet,  and  H  the  height  in  feet.  Allowing  a  stump  height  of  1  foot, 
the  volume  of  the  paraboloid  above  this  is 

^        2 
wherei?'=//-l 

If  the  unmerchantable  portion  of  the  tip  of  such  a  paraboloid  is 
truncated,  this  volume  ^vill  be  reduced  by 

hh 

where  v  is  the  volume  of  the  unmerchantable  tip,  h  the  area  of  the 
tip  at  the  point  of  trimcation  and  h  the  length  of  the  tip.  The 
merchantable  volume  of  the  paraboloid  is,  therefore, 

Bir     hh 

In  a  paraboloid,  however,  the  taper  in  area  is  porportional  to  the 
length.     It  follows  therefore  that 

H'~~B 

and  that 

,     hH' 

Substituting  this  value  in  the  previous  equation,  we  have 


or  simplifying, 


2         B 
This  may  now  be  expressed  logarithmically  as  follows: 

log  (F-z;)=log-y  +  log(^     ^     J 
or  log  {V-v)  =  log(^— 2— j  +  log(^— g-  j 
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For  any  desired  standard  of  top  utilization,  b,  and  therefore  b^,  is  a 
constant.  It  is  a  simple  matter  to  prepare  an  alinement  chart 
similar  in  form  to  that  already  described  by  means  of  which  this 
formula  may  be  solved.  An  example  is  shown  in  Figure  10.  The 
graduating  curve  for  F  is  a  straight  line,  that  for  H  is  not  quite 
straight  because  of  the  correction  for  stump  height,  while  that  for 
diameter  is  considerably  lowered  for  the  small  diameters,  because  of 
the  small  differences  between  B^  and  b^. 

The  base  charts  of  this  type,  as  used  by  the  Forest  Service,  are 
for  top  utilization  to  2,  3,  4,  5,  and  6  inches. 

It  should  be  noted  that  there  would  have  been  no  similar  advantage 
in  the  use  of  the  paraboloid  rather  than  the  cylinder  in  the  case  of 
the  previous  base  chart  for  the  volume  of  the  entire  stem.  The 
volume  of  a  paraboloid  is  one-half  that  of  the  cylinder  of  the  same 
dimensions.  The  cylinder  volumes  multiplied  by  the  form  factor 
0.40  would  therefore  be  identical  with  the  paraboloid  volumes  multi- 
plied by  0.80. 

It  will  be  noted  that  the  three  sets  of  graduating  curves  on  Figure  10 
are  designated  Dp,  Hp,  and  Vp,  respectively.  These  are  abbrevia- 
tions for  diameter  of  paraboloid,  height  of  paraboloid,  and  volume 
of  paraboloid. 

After  the  proper  base  chart  has  been  selected  the  procedure  fol- 
lowed in  preparing  the  volume  table  is  in  all  respects  identical  with 
that  already  described. 

THE  FORM  OF  BASE  CHART  FOR  MERCHANTABLE  VOLUME  IN 

BOARD  FEET 

The  formula  for  the  volume  of  a  geometrical  solid  which  resembles 
a  tree  in  form  and  which  is  scaled  in  board  feet  by  a  log  rule,  is  un- 
fortunately very  complex  and  not  such  as  can  be  expressed  accurately 
by  an  alinement  chart.  It  has  been  found,  however,  that  a  fairly 
close  approximation  can  be  worked  out.  The  process  of  preparing 
such  an  approximation  chart  is  both  tedious  and  involved  and  is 
difficult  to  describe.     It  consists  in  general  of  the  following  steps: 

A  series  of  values  for  volume  are  computed  for  some  assumed 
soHd,  for  a  range  of  values  of  diameter  and  height.  After  experi- 
ments with  several  alternatives,  the  solid  preferred  is  the  cone  frus- 
tum for  tables  to  be  related  to  merchantable  height  and  the  parab- 
oloid for  those  related  to  total  height.  The  solid  is  divided  into 
16-foot  logs  and  scaled  by  whatever  log  rule  is  desired. 

A  base  chart  is  then  laid  out  with  tentative  parallel  straight-line  axes 
for  diameter,  height,  and  volume.  The  height  and  diameter  axes  are 
not  graduated;  that  for  volume  is  graduated  logarithmically  for 
several  inches  at  the  top.  The  graduations  for  the  maximum  diam- 
eter used  and  the  maximum  height  are  placed  horizontally  opposite 
that  for  the  maximum  volume.  Lines  through  this  maximum- 
diameter  graduation  and  a  series  of  three  or  four  corresponding  vol- 
umes intersect  the  height  axis  at  corresponding  heights,  and  fine 
pencil  lines  are  drawn  to  record  these  indications  of  the  positions  of 
these  height  graduations.  Similarly,  starting  from  the  maximum 
height,  indications  of  two  or  three  diameter  graduations  are  obtained. 
Intersecting  back  from  the  second  and  third  of  these  tentative  diam- 
eter graduations  will  give  a  second  and  third  series  of  intersections  on 
the  height  axis,  which  should  agree  closely  with  the  first.     If  they  do, 
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these  height  graduations  are  accepted.  Reversing  the  process,  the 
tentative  graduations  of  the  diameter  axis  are  checked  by  other  inter- 
sections. When  this  diameter  axis  has  been  carried  a  few  inches, 
attention  is  again  turned  to  the  height  axis,  and  so  on  alternately. 

The  intersections  of  lines  from  the  larger  diameters  and  heights 
will  usually  be  well  defined.  Later,  as  smaller  values  of  height  are 
intersected  back  to  the  larger  diameters,  they  may  be  foimd  to  fall 
above  or  below  the  previously  established  points.  Similarly,  lines 
from  the  smaller  diameters  may  consistently  intersect  liigh  or  low. 
This  is  an  indication  that  the  lower  part  of  the  volume  scale  needs 
expansion  (when  the  intersections  are  above)  or  contraction. 

The  correction  of  the  volume  scale  is  accomplished  by  locating  new 
points  on  the  volume  graduating  curve,  which  is  done  by  la3dng  the 
straightedge  on  the  diameter  and  height  and  noting  the  intersection 
on  the  volume  axis.  Tliis  intersection  is  then  projected  horizontally 
to  the  ordinate  representing  the  corresponding  volume.  For  this 
correction  the  diameter  and  height  points  used  are  those  estab- 
lished by  the  upper  values,  which  have  been  confirmed  by  good 
intersections. 

Sooner  or  later,  the  intersections  may  not  fall  on  the  original 
straight  diameter  and  height  axes  and  a  curve  must  be  substituted. 
If  the  intersections  are  well  defined,  the  axes  alone  should  be  curved. 
If,  however,  the  intersections  fall,  not  around  a  pomt  but  along  a  line, 
such  a  midtiple  intersection  usually  mdicates  a  simultaneous  adjust- 
ment of  volume  scale  and  of  one  or  both  of  the  diameter  and  height 
axes. 

The  graduating  curves  are  carried  along  simultaneously  for  all 
three  axes.  Each  mtersection  located  Vvill  fix  a  point  on  one  of  these 
graduating  curves,  but  since  the  residt  being  attained  is  only  an 
approximation  chart  the  points  Avill  not  lie  exactly  on  the  curve,  and 
a  smootliing  process  has  to  be  resorted  to.  The  same  thing  is  true  of 
the  axes  themselves. 

An  example  of  the  sort  of  chart  finally  produced  by  this  process  of 
trial  and  error  is  shown  m  Figure  11.  It  must  be  admitted  that  there 
is  a  large  personal  equation  in  the  preparation  of  such  a  chart.  Dif- 
ferent workers  might  produce  charts  materially  dift'erent  in  appear- 
ance. The  test  of  their  adequacy  is  whether  the  original  basic  values 
mentioned  in  step  1  can  be  reproduced  with  sufficient  accuracy  by 
means  of  the  chart.     This  is  true  of  the  charts  presented  here. 

A  peculiarity  of  the  chart  illustrated  in  Figure  1 1  is  the  mtersection 
of  the  lower  ends  of  the  volume  and  diameter  axes.  This  is  to  be 
expected  as  a  result  of  the  scaling  practice  wliich  neglects  taper  in 
16-foot  logs.  All  trees  which  are  exactly  one  log  in  height  to  a  6-inch 
top  will  therefore  have  exactly  the  same  scale  regardless  of  their 
d.  b.  h.  This  condition  can  be  met  only  by  an  alinement  chart 
which  has  a  common  point  for  16.3  feet  on  the  height  scale  and  20 
(the  volume  of  a  6-inch,  16-foot  log)  on  the  volume  scale. 

It  has  been  found,  however,  that  this  condition  can  not  be  met  in 
all  of  the  cone-frusta  charts,  particularly  those  based  on  the  Scribner 
rule.  The  difficulty  appears  to  be  associated  in  part  mth  the  eccen- 
tricities of  the  rule  itself,  which  does  not  follow  any  mathematical  law. 
Accurate  results  at  this  one  fixed  pomt  can  only  be  obtained  at  the 
expense  of  material  errors  in  adjacent  diameter  classes.     An  example 
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of  the  sort  of  compromise  chart  which  has  been  adopted  is  illustrated 
in  Figure  12.^^ 

In  base  charts  for  board-foot  volumes  related  to  total  height  the 
peculiarity  noted  above  (fig.  11)  does  not  exist  because  merchantable 
length  is  not  rigidly  correlated  with  total  height.  The  characteristic 
form  of  these  total-height  base  charts  is  shown  in  Figure  13. 

THE  TECHNIC  IN  THE  CASE  OF  THE  BOARD-FOOT  TABLES 

The  technic  for  board-foot  tables  follows,  in  general,  exactly  the 
same  procedure  as  that  followed  in  the  cubic-foot  tables  already 
described,  and  only  one  or  two  details  need  be  mentioned. 

For  reasons  already  discussed,  the  measured  and  first-estimated 
volumes  in  the  tables  related  to  merchantable  height  must  be  identical 
for  a  1-log  tree  of  the  minimum  top  diameter  used.  This  means 
that  this  volume  determines  a  fixed  point  on  the  measured— first 
estimate  curve,  and  this  fixed  point  makes  the  fitting  of  this  curve 
easier.  The  same  thing  is  not  true,  of  course,  of  the  tables  related 
to  total  height,  in  which  the  lower  end  of  this  curve  is  often  ill  defined. 
Near  the  minimum  d.  b.  h.  many  of  the  trees  will  be  so  rapidly 
tapering  that  they  will  not  contain  a  merchantable  log  and  so  will 
have  a  volume  of  zero.  An  average  of  a  small  number  of  trees, 
some  of  which  have  a  zero  volume,  vdW  naturall}^  be  erratic.  This 
difficulty  can  be  corrected  onl}^  by  obtaining  a  relatively  large  num- 
ber of  data  for  these  very  small  sizes,  which  may  not  be  practicable. 
At  aU  events,  moderate  errors  in  the  very  small  trees  are  usually  of 
little  moment. 

The  small  trees  also  cause  some  difficulty  in  connection  with  the 
average  percentage  deviation.  Since  this  deviation  is  expressed  as 
a  percentage,  there  are  many  cases  near  the  minimum  diameter 
where  the  percentage  deviation  of  an  individual  tree  will  be  either 
100  per  cent,  when  the  basic  solid  has  a  volume  and  the  tree  itself 
has  not,  or  infinity  when  the  converse  is  true.  An  average  including 
even  a  single  infinity  is,  of  course,  itself  infinite,  and  highly  misleading. 
The  most  practicable  plan  seems  to  be  to  omit  from  the  calculation 
of  the  average  percentage  deviation  (but  not  from  that  of  the  aggre- 
gate difference)  the  entire  diameter  classes  for  which  either  the 
estimated  or  any  of  the  measured  volumes  are  zero.  The  expression 
of  average  percentage  deviation  should  then  include  the  mininuim 
diameter  used,  together  with  the  number  of  trees  entering  into  the 
average  percentage  given,  as: 

Average  percentage  deviation  (494  trees,  13  inches  plus):  9.8  per 
cent. 

12  Thfi  series  of  charts  in  use  by  tho  Forest  Service  for  board-foot  volumes  indudps  the  foUowinp:  (Based 
on  merchantable  height)  Scribner  rule,  height  and  volume  to  O-inch  lop,  to  T-incii  top,  to  8-inch  top,  and 
to  a  10-inch  top;  International  rule,  height  ;ind  volume  to  5-inch  top,  to  G-inch  top,  to  8-inch  top,  and  to 
lO-inch  top.  (IJa-sed  on  total  height)  Scribner  rule,  volume  to  G-inch  top,  to  8-inch  top,  and  to  10-inch  top; 
International  rule,  volume  to  6-inch  top,  to  G-iuch  top,  to  8-inch  top,  and  to  10-inch  lop. 
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Figure  11.— Form  of  base  chart  used  for  volume  tables  giving  total  volume  to  a  6-inch 
top,  in  board  feet  by  the  International  rule  (H-inch  kerf),  based  on  diameter  and 
used  length.  The  curve  Hcf(lg)  may  be  used  to  graduate  the  height  axis  in  terms 
of  16.3-foot  logs 
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Figure  13.— Form  of  base  chart  used  for  volume  tables  giving  merchantable  volume 
to  an  8-inch  top,  in  board  feet  by  Scribner  rule,  based  on  diameter  and  total  height. 
The  volume  scale  has  been  modified  to  agree  more  closely  with  the  average  form  of 
trees.  True  paraboloid  volumes  may  be  obtained  through  the  use  of  the  Yd  gradu- 
ating curve 
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THE  ADVANTAGES  OF  THE  ALINEMENT-CHART  METHOD 

The  advantages  of  the  aUnement-chart  method  can  best  be  brought 
out  by  comparing  it  wdth  alternative  methods  in  use.  The  old- 
fashioned  method  of  fitting  harmonized  curves  was  cumbersome  and 
ineffective  because  the  data  available  were  distributed  among  a  num- 
ber of  curves.  As  a  result  none  of  these  curves  was  well  defined 
unless  an  exceedingly  large  number  of  data  were  at  hand.  In  con- 
trast, each  curve  which  must  be  fitted  in  the  alinement-chart  proce- 
dure is  based  on  all  the  available  data  and  is  nearly  straight-line  in 
form.  Furthermore,  the  weighting  of  the  points  in  the  case  of  the 
harmonized  curves  was  exact  only  in  the  first  stage;  in  cross  curving 
it  was  customary  to  ignore  the  weights  altogether,  and  impossible 
to  assign  weights  in  any  satisfactory  manner.  Serious  errors  some- 
times resulted.  In  contrast,  in  the  new  technic  exact  weights  are 
available  at  every  stage. 

In  comparison  with  the  method  based  on  frustum-form  factors,  the 
new  method  is  more  flexible  in  two  respects.  In  the  first  place,  it 
does  not  involve  the  implicit  assumption  that  the  frustum-form  factor 
is  correlated  with  diameter  alone  and  is  independent  of  height  A\dthin 
a  diameter  class.  As  a  matter  of  fact,  it  has  been  fairly  well  estab- 
lished that  this  assumption  is  false,  especially  in  second  growth; 
although  for  mature  timber  the  errors  involved  in  it  are  small.  Tables 
produced  by  the  alinement-chart  procedure  may  show  a  partial 
correlation  between  form  factor  and  height. 

In  the  second  place,  the  new  procedure  is  applicable  to  any  type 
of  table,  while  the  frustum-form  factor  method  was  restricted  to 
tables  of  volume  in  board  feet  based  on  merchantable  height. 

The  new  method  is  almost  self-checldng.  The  aggregate  dift'erence 
is  obtained  by  a  mere  addition  of  two  columns  of  one  of  the  work 
sheets,  while  the  average  percentage  deviation  involves  a  relatively 
small  additional  amount  of  labor,  the  measured  and  tabular  or  esti- 
mated values  being  already  listed  in  parallel  columns.  This  contrasts 
strongly  with  other  methods,  in  which  the  calculation  of  these  two 
measures  of  accuracy  is  excessively  laborious. 

As  a  result  of  these  several  advantages  the  alinement-chart  method 
is  a  more  efficient  procedure.  This  efficiency  may  be  utiUzed  either 
by  reducing  the  number  of  data  required  for  a  table  of  given  accuracy 
or  by  increasing  the  accuracy  obtained  with  a  given  number  of  data. 
In  addition,  time  and  labor  will  be  saved  through  its  use. 


D.  S.  GOVERNMENT  PRINTING  OFFICEi  1932 


For  sale  by  the  Superintenoknt  of  Documents.  Washington.  D.  C. 


Technical  Bulletin  No.  303 


May,  1932 


ECONOMIC  UTILIZATION 

OF  MARGINAL  LANDS  IN  NICHOLAS 

AND  WEBSTER  COUNTIES,  W.  VA. 


By 

MILLARD  PECK 

Formerly  Senior  Agricultural  Economist 

Division  of  Land  Economics 

Bureau  of  Agricultural  Economics 

BERNARD  FRANK 

Assistant  Forest  Economist,  Division  of 

Forest  Economics,  Forest  Service 

AND 

PAUL  A.  EKE 

Formerly  Assistant  Professor  of  Agricultural  Economics 
College  of  Agriculture,  West  Virginia  University 


United  States  Department  of  Agriculture,  Washington,  D.  C. 

In  cooperation  with  the  Agricultural  Experiment 

Station  of  West  Virginia 


ACKNOWLEDGMENTS 

In  1926  and  1927,  A.  J.  Dadisman,  of  West  Virginia  University, 
recognizing  the  need  for  a  study  of  land  utilization  conditions  in  that 
State,  worked  mth  Paul  A.  Eke,  of  that  institution,  in  preparing 
the  tentative  outline  of  such  a  project.  Later,  an  arrangement  for  a 
cooperative  project  was  made  with  the  United  States  Department  of 
Agriculture. 

Many  of  the  agricultural  and  forestry  phases  of  this  investigation 
were  planned  and  supervised  respectively  by  L.  C.  Gray,  in  charge, 
Division  of  Land  Economics,  and  W.  N.  Sparhawk,  senior  forest 
economist,  United  States  Forest  Service,  both  of  the  United  States 
Department  of  Agriculture. 

Thomas  W.  Skuce,  extension  forester.  West  Virginia  University, 
J.  S.  Cotton,  assistant  economic  analyst,  Division  of  Land  Econ- 
omics, United  States  Department  of  Agriculture,  and  Lamar  A. 
Wood  assisted  in  gathering  the  field  data. 

Special  acknowledgement  is  due  F.  J.  Marschner,  research  assis- 
tant. Division  of  Land  Economics,  for  his  work  in  preparing  the  basic 
maps  and  for  numerous  suggestions  relative  to  the  preparation  of 
the  manuscript,  and  to  Margaret  A.  Charters  of  that  division  for 
supervising  the  tabulation  of  the  data. 

The  investigators  wish  to  express  their  appreciation  to  the  farmers 
of  Nicholas  and  Webster  Counties,  the  lumber  companies,  and  the 
county  officials  for  their  courtesy  in  furnishing  the  information  pre- 
sented in  this  publication. 

Before  the  manuscript  was  ready  for  publication,  Millard  Peck 
resigned  from  the  service  of  the  Department  of  Agriculture  and  Paul  A. 
Eke  left  West  Virginia  University.  In  completing  the  manuscript 
it  became  necessary  to  make  extensive  changes  for  which  the  original 
authors  are  not  responsible.  The  work  of  completing  the  portion  of 
the  manuscript  that  deals  with  agricultural  utilization  was  done  by 
O.  M.  Johnson,  of  the  Division  of  Land  Economics. 


Technical  Bulletin  No.  303 


May.  1932 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON,  D.  C. 


ECONOMIC  UTILIZATION  OF  MARGINAL  LANDS 

IN  NICHOLAS  AND  WEBSTER  COUNTIES 

WEST  VIRGINIA 

By  Millard  Peck,  formerly  Senior  AgricuUvral  Economist,  Division  of  Land 
Economics,  Bureau  of  Agricultural  Economics,  and  Bernard  Frank,  Assistant 
Forest  Economist,  Office  of  Economics,  Forest  Service,  and  Paul  A.  Eke,  for- 
merly  Assistant  Professor  of  Agricultural  Economics,  College  of  Agriculture,  West 
Virginia  University 

In  cooperation  with  the  Agricultural  Experiment  Station  of  West  Virginia 


CONTENTS 


Page 

Introduction 1 

Geographic  characteristics  and  economic  de- 
velopment of  Nicholas  and  Webster  Coun- 
ties and  the  surrounding  area 4 

Economic    development    of    Nicholas    and 

Webster  Counties 5 

Economic  organization  of  the  section 7 

Differentiation  of  farm  and  other  land— agri- 
cultural phases  of  the  problem 9 

Relationship  of  soil  type  to  farm  economy...        13 

Soil  type  and  crops 15 

Soil  type  and  livestock  enterprises 17 

Relationship  of  topography  to  farm  economy 

Topography  and  crops 17 

Topography  and  livestock 19 

Combined  effect  of  soil  type,  topography,  and 

size  of  farm  on  farm  income 20 

The  community  as  a  factor  in  drawing  the 

line  between  farm  and  other  land 20 

Forestry  aspects  of  the  land-utilization  prob- 
lem         25 

The  present  situation 25 

Changes  in  extent  and  character  of  forest 

resources 39 

Trend  and  ownership 40 

Possibilities  of  forest  lands  under  manage- 
ment  40 


Page 

Rates  of  growth  of  individual  species 41 

Growth  of  mixed,  uneven-aged  stands 42 

Growth  of  even-aged  old-field  stands 43 

"Vields  of  saw  timber 43 

Combination  of  various  products 47 

Management  of  farm  woodland 49 

Costs  of  holding  timberland 51 

Outlines   of  an   economic  program   for   the 

Nicholas-Webster  section 53 

Economic  program  for  farming 53 

Public  acquisition  of  scattered  farms 54 

Cost  of  government 54 

Forest  industries 55 

Consolidation  and  management  of  farm 

woodlands 56 

Consolidation  and  management  of  large 

tracts 57 

Cutting  policies 58 

Protection  from  fire 59 

Public  assistance  in  private  forestry 59 

Public  acquisition  of  forest  land 60 

The  place  of  schools  in  the  regional  pro- 
gram   61 

Roads  in  relation  to  regional  plaiming..  62 

Extent  of  area  in  West  Virginia  to  which 

results  of  this  study  probably  apply 63 

Literature  cited 64 


INTRODUCTION 

Nicholas  and  Webster  Counties  are  typical  of  a  large  area  in  West 
Virginia  and  other  Appalachian  States  in  which  the  most  economic 
utilization  of  the  land  resources  is  a  puzzling  problem.^     The  first 

I  This  study  is  the  first  of  several  projects  having  similar  general  objectives  and  now  under  way  in  Ken- 
tucky, Pennsylvania,  and  Vermont.  Being  the  first  study  of  this  kind  undertaken  by  the  cooperating 
parties,  and  with  but  few  precedents  for  the  guidance  of  those  planning  the  project,  it  is  too  much  to  expect 
that  the  results  will  serve  as  a  model  for  projects  of  this  type.  In  fact,  it  is  characteristic  of  studies  of  this 
kind  that  they  can  not  be  completly  standardized,  but  must  conform  in  scope,  emphasis,  and  method  to 
the  special  conditions  of  the  area  studied.  Nevertheless,  the  results  of  this  study  may  be  found  helpful 
not  only  in  the  facts  and  conditions  described,  but  also  in  suggesting  methods  to  those  conducting  similar 
undertakings. 
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objective  of  the  investigation  reported  in  this  bulletin  is  to  show  which 
type  of  land  should  be  used  for  agriculture  and  which  for  forestry  and 
to  try  to  point  out  the  conditions  that  will  determine  whether  land  not 
easily  classified  as  farm  land  or  forest  land  should  be  used  for  a  different 
type  of  farming  or  for  a  different  combination  of  agriculture  and  for- 
estry. The  second  objective  is  to  indicate  lines  of  improvement  in 
the  utilization  of  both  farm  and  forest  lands,  and  the  relation  of  such 
changes  in  utilization  to  the  social  institutions  of  the  area,  particularly 
the  schools  and  roads. 

During  the  last  half  century  agriculture  in  this  area  has  been  closely 
linked  A\ith  the  development  of  the  forest  industries  which  have 
furnished  emplojrment  and  local  markets  for  surplus  farm  products. 
Most  of  the  old-growth  timber  has  now  been  cut,  and  the  remainder 
can  not  last  long.  On  some  of  the  land  farming  no  longer  pays  and 
as  a  result  many  fields  once  cultiA-ated  are  now  growing  up  to  brush. 
At  the  same  time  the  burden  of  carrying  cut-over  land  is  pressing 
heavily  upon  the  owners.  The  problem  of  future  land  utilization  in 
part  of  the  area  is  therefore  of  urgent  interest  from  both  private  and 
public  standpoints. 

Agricultural  programs  formulated  in  the  past  have  for  the  most  part 
been  concerned  with  the  better  farming  sections  where  the  problem 
was  to  make  a  fairly  profitable  agriculture  more  profitable.  This 
study  is  intended  to  aid  in  formulating  a  program  of  land  utilization 
for  those  areas  in  which  some  of  the  land  now  farmed  is  so  near  the 
margin  of  economic  use  that  it  is  doubtfid  whether  farmers  are  justi- 
fied in  continuing  to  try  to  make  a  living  on  it. 

Projects  of  this  kind  involve  local  agricultural  forecasting  and  may 
properly  be  regarded  as  long-time  outlook  studies.  In  making  such 
an  agricultura!l  forecast  one  is  confronted  with  many  uncertainties, 
and  on  that  account  the  conclusions  presented  here  are  tentative  and 
may  need  to  be  revised  from  time  to  time  in  the  Hght  of  changing 
conditions. 

The  solution  of  the  problem  must  be  based  on  an  analysis  of  the 
influence  of  purely  physical  factors,  the  most  important  being  topog- 
raphy, type  of  soil,  elevation,  rainfall,  drainage  conditions,  and  the 
length  of  the  growing  season.  It  requires  also  an  analysis  of  the  eco- 
nomic possibilities  of  utihzing  different  kinds  of  laud  in  dilTerent  ways, 
including  a  consideration  of  the  eff'ect  of  changes  in  mode  of  utiliza- 
tion or  community  organization  and  of  the  possibility  of  modifying 
the  conditions  of  land  utilization  through  collective  action,  as  for 
instance  through  changes  in  the  amount,  form,  or  incidence  of  the 
tax  burden. 

In  developing  a  concrete  ])lan  for  utiHzing  the  resources  of  an  area, 
it  is  assumed  that  an  "optinnuu"  rolalionsliip  between  the  natural 
resources  and  (he  i)()pulation  (o  be  su|)ported  is  the  goal.  This  jcla- 
tionship  changes  with  time  and  circumstances.  The  optinnnn  at  a 
given  lime  is  attained  only  if  the  size  of  the  poi)ulation  is  so  adjusted 
to  (he  natural  resources  of  an  area  as  to  afford  standards  of  living 
comparable  with  those  obhiinal)le  with  simihir  human  abihty,  exer- 
tion, and  capital  resources  in  other  lines  of  activity  or  in  other  areas. 
In  othci'  wor'ds,  llie  legional  plan  should  s(H>k  to  I'emove  the  effects  of 
Jiuiladjustnicnt.  of  popuhition  to  ((^sources,  if  (h(^  i)o|)ulation  is 
excessive  in  view  of  the  limited  Resources  of  the  region,  the  plan  should 
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show  how  the  excess  can  be  removed.  In  time,  the  adjustment  will 
take  place  of  its  own  accord,  but  if  the  maladjustment  is  anticipated 
certain  forms  of  public  action  can  be  brought  into  play  to  expedite  the 
readjustment. 

The  regional  plan  outlined  in  the  following  pages  is  premised  also 
on  the  assumption  that  people  will  ultimately  migrate  from  districts 
in  which  the  return  from  the  employment  of  labor  and  capital  is 
persistently  below  that  prevailing  elsewhere  for  the  same  grades  of 
labor  and  of  capital  goods. 

Adjusting  the  costs  of  government  to  diminishing  sources  of  revenue 
is  another  of  the  economic  problems  in  this  section.  While  the  natural 
resources,  on  which  revenue  is  closely  dependent,  have  been  diminish- 
ing, expenditures  and  taxes  have  been  moimting. 

In  these  two  counties  there  are  three  general  classes  of  land  from 
the  standpoint  of  prospective  land  utilization.  (1)  The  most  impor- 
tant area  is  that  designated  as  agricultural  land  which  furnishes  occu 
pation  and  income  to  the  largest  single  group  of  gainfully  employed 
in  each  county.  No  attempt  has  been  made  to  work  out  a  definite 
program  for  increasing  income  on  this  land  except  for  cases  in  which  a 
part  of  the  land  is  devoted  to  timber  production.  The  largest  part 
of  the  cash  income  on  agricultural  land  is  from  livestock,  and  it  natu- 
rally follows  that  increased  income  to  the  farmers  would  come  by  the 
reorganization  of  live  stock  enterprises  and  the  use  of  more  economical 
methods  of  livestock  production.  The  authors  have  made  no  attempt 
to  discuss  improved  methods  that  should  be  followed  in  these  two 
counties.  Other  investigators  are  at  work  on  the  problems  of  produc- 
tion on  this  land  of  land.  For  example,  the  Division  of  Animal  Hus- 
bandry of  the  United  States  Department  of  Agriculture  and  the 
West  Virginia  Agricultural  Experiment  Station  have  been  conducting 
cooperative  experiments  on  various  phases  of  beef-cattle  production 
in  an  adjoining  county,  Greenbrier.  The  West  Virginia  Agricultural 
Experiment  Station  is  carrying  on  experiments  in  the  production  of 
pasture  and  feed  crops.  A  publication  is  being  prepared  by  the  Divi- 
sion of  Animal  Husbandry  and  the  Division  of  Farm  Management, 
both  of  the  United  States  Department  of  Agriculture,  on  "Beef 
Cattle  Production,  Problems  in  the  Central  Appalachian  Region  and 
Suggestions  for  Solving  Them." 

(2)  The  largest  general  class  of  land  in  these  two  counties  has  a 
forest  cover  of  some  Idnd  and  so  far  as  can  be  seen  now  will  always 
grow  trees  if  anything  at  all.  A  conservative  estimate  of  the  propor- 
tion of  the  land  that  belongs  in  this  class  is  70  per  cent.  At  present, 
approximately  85  per  cent  of  the  total  area  of  the  two  counties  has  a 
forest  cover  of  some  kind.  Some  of  this  woodland  will  be  cleared  and 
converted  into  farm  land,  but  the  land  best  adapted  to  farming  was 
cleared  many  years  ago  and  the  poorer  parts  of  it  will  go  back  to 
timber.  A  program  of  forest  and  recreational  use  has  been  suggested 
for  the  nonagricultural  land. 

(3)  A  third  general  class  of  land,  comprising  about  10  per  cent  of 
the  total  area,  has  been  designated  as  doubtful  for  agricultural  use. 
This  consists  of  isolated  areas  of  productive  land,  areas  of  the  poorer  soils 
that  are  well  located  as  to  markets  that  may  not  be  permanent,  such 
as  sawmill  towns,  and  areas  of  unknown  possibilities  for  agriculture. 
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GEOGRAPHIC  CHARACTERISTICS  AND  ECONOMIC  DE- 
VELOPMENT OF  NICHOLAS  AND  WEBSTER  COUNTIES 
AND  THE  SURROUNDING  AREA 

Nicholas  and  Webster  are  contiguous  counties  in  the  east-central 
part  of  West  Virginia,  about  30  miles  from  the  Virgmia  boundary. 
The  surface  of  both  counties  is  a  deeply  dissected  plateau.  Plate  1 
shows  that  in  the  northern,  northwestern,  and  eastern  parts  of 
Nicholas  County  and  in  most  of  Webster  County  the  ridges  have 
narrow  crests  and  steep  slopes.  The  valleys  between  are  narrow 
and  V  shaped,  the  floors  lying  from  800  to  1,500  feet  below  the  ridge 
tops. 

In  the  central  part  of  Nicholas  and  extending  in  a  northeasterly- 
southwesterly  direction  entirely  across  the  county  and  into  Webster 
is  a  belt  of  land  -wiith  smoother  terrain,  where  the  physical  conditions 
are  suited  to  successfid  farming. 

Nicholas  County,  together  with  most  of  Webster  County,  lies  m  the 
watershed  of  the  Kanawha  Kiver.  The  drainage  is  satisfactory 
except  for  about  25,000  acres  of  the  broad-valley  lands,  that  are  found 
between  the  hills. 

Weather  conditions  in  this  section  are  well  suited  to  human  habi- 
tation. The  summers  are  pleasant,  with  cool  nights  and  only  oc- 
casional hot  periods.  The  temperature  varies  with  the  elevation. 
On  the  higher  ridges  the  winters  are  longer  and  more  severe,  and  there 
is  considerable  snow.  At  Holcomb,  in  Nicholas  County,  with  an 
elevation  of  2,042  feet  the  average  date  of  the  last  killing  frost  is  IVlay 
15  and  of  the  first,  September  25.  This  gives  the  locality  a  growing 
season  of  about  4^  months.  Killing  frosts  have  occurred,  however, 
as  late  as  June  11  and  as  early  as  September  12  (6)." 

The  precipitation  in  the  section  is  heavy,  amounting  to  about  55 
inches  annually;  it  interferes  with  certain  farming  operations,  ex- 
pecially  at  the  higher  elevations  where  fog  often  remains  until  late  in 
the  day. 

The  section  has  both  residual  and  alluvial  soils.  The  residual 
soils,  derived  from  the  weathering  of  interbcdded  sandstones  and 
shales,  are  on  the  uplands,  and  their  character  is  determined  by  the 
underlying  rock.  The  alluvial  soils  are  derived  from  materials 
washed  down  from  the  u])lands  and  vary  from  very  fine  silt  loams  to 
sandy  clay.^ 

Both  counties  formerly  were  covered  with  an  excellent  stand  of 
timber  yielding  from  12,000  to  20,000  board  feet  per  acre.  At  present 
only  7  per  cent  of  the  area  is  covered  with  virgin  timber.  The  more 
level  areas  such  as  the  glades,  the  rolling  lands,  and  the  wider  ^  alley 
l)ottoms  have  been  almost  entiiely  cleared.  Fojest  cover,  however, 
including  farm  woodland,  still  occupies  about  83  per  cent  of  the  total 
land  area  in  Nicholas  County  and  89  ])er  cent  in  Webster. 

The  original  forest  luis  been  either  culled  or  heavily  cut  o^er/ 
Tlie  few  remaining  tracts  of  vij-gin  timber  are  located  iji  the  north- 
western ])art  of  Nicholas  County  aiul  in  the  eastern  part  of  Webster; 
County.     These  stands  are  now  being  exploited. 

2  Ilalio  initnlwrs  in  imrontheses  refer  to  r.iteriituro  Cilod,  p.  64. 

>  Tho  reports  on  Mio  soil  surveys  of  hotli  counties  iirovideil  the  ba,sis  for  cliussilication.  The  investigators 
Katlioroil  iidditioniil  diitii  on  topcj^rnphy,  sloiiiness.  mid  driiiiiinie. 

'  ("ulllnK  refers  to  llic  cuttirnj  in  llie  orininiil  forest  of  sciiMered  trees  of  the  best  quality  of  a  few  sjiecies; 
heavily  cut  over  refers  to  the  removal  of  all  valuable  trees  down  to  at  least  10  inches  on  the  stump. 
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Lightly  culled  stands  are  likewise  found  in  northern  and  northwest- 
ern Nicholas  County  and  in  the  eastern  part  of  Webster  County.  The 
rest  of  the  uncleared  acreage  consists  of  stands  cut  over  more  inten- 
sively. Frequently  the  close  cutting  is  followed  by  bad  slash  fires. 
There  are  some  faii-ly  large  tracts  of  merchantable  second-growth 
timber,  but  much  of  the  timber  is  of  poor  character,  because  of  care- 
less logging  methods  and  frequent  forest  fires. 

There  are  small,  scattered  strips  of  old-field  stands  along  the  slopes 
of  some  of  the  valleys,  in  the  cove  heads,  and  on  those  ridge  tops 
which  have  again  reverted  to  forest  after  having  been  cleared  and 
cropped. 

The  forest  cover  of  the  section,  influenced  as  it  is  by  differences 
in  climate,  elevation,  and  topography,  is  composed  of  a  large  variety 
of  species. 

Tln-ee  types  of  forest  vegetation  are  present.  The  lowest  in  ele- 
vation is  the  southern  hardwood  forest,  which  covers  more  than  half 
of  the  State  and  extends  into  the  western  quarter  of  Nicholas  County. 
It  contains  oak,  chestnut,  hickor}^,  yellow  poplar,  maple,  red  gum, 
and   walnut.     Sassafras,  redbud,  and   persimmon   are   also   typical. 

The  rest  of  Nicholas  County,  excepting  the  extreme  northeastern 
corner,  and  most  of  Webster  County,  are  in  the  transition-hardwoods 
and  hemlock  forest,  containing  chestnut,  oak,  poplar,  and  hickory 
mixed  with  beech,  maple,  birch,  and  hemlock. 

The  eastern  corner  of  Nicholas  County  and  the  southern  and  south- 
western portions  of  Webster  County,  having  over  3,000  feet  elevation, 
are  in  the  spruce  and  hemlock  forest.  Red  spruce,  hemlock,  and 
3'ellow  biix'h  are  the  characteristic  species. 

ECONOMIC  DEVELOPMENT  OF  NICHOLAS  AND  WEBSTER 

COUNTIES 

Settlements  in  Nicholas  and  Webster  Counties  were  first  attempted 
shortly  after  the  close  of  the  Revolutionary  War  but  were  not  per- 
manently established  until  after  1800.  "After  1795,  settlers  from 
Greenbrier  and  Kanawha  began  to  occupy  new  lands  in  the  region 
which  in  1818  was  formed  into  the  new  county  of  Nicholas"  (^,  ]).  32). 

Daniel  Boone  was  in  the  region  as  early  as  1774.  According  to 
Callahan,  much  of  Boone's  time,  while  he  lived  in  the  Kanawha 
Valley,  was  spent  in  locating  and  surveying  lands.  He  was  familiar 
with  the  geography  and  topography  of  the  whole  country.  He  had 
traveled  and  hunted,  fought  and  trapped  up  and  down  all  the  streams 
and  laiew  where  all  the  good  lands  lay. 

The  first  permanent  settlement  in  Nicholas  County  was  made  near 
Lockwood,  about  1802,  by  settlers  from  eastern  Virginia.  Later 
immigrants  from  Virginia  and  western  Kentucky,  seeking  new  hunt- 
ing grounds,  came  in,  and  settlements  sprang  up  along  Peters  Creek 
and  Strouds  Creek  {6). 

Webster  County  was  formed  from  parts  of  Nicholas,  Braxton,  and 
Randolph  Counties  in  1860  {2,  p.  109).  The  early  settlers  in  Webster 
County  came  mostly  from  Virginia.  Later  settlers  came  from 
Pennsylvania  and  Maryland.  The  pioneers  in  both  Nicholas  and 
Webster  were  predominantly  of  Anglo-Saxon  origin,  and  this  stock 
occupies  the  land  at  the  present  time. 
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In  Webster  County  the  settlers  usually  located  their  homes  along 
the  narrow  creek  bottoms.  In  Nicholas  County,  on  the  other  hand, 
some  of  the  ridges  are  fairly  broad,  and  the  settlers  established 
themselves  on  the  ridge  tops  more  often  than  along  the  streams. 

The  population  of  Nicholas  County  increased  during  every  decade 
from  1820  to  1920,  except  the  decade  1830  to  1840,  and  the  population 
in  Webster  County  increased  in  every  decade  following  the  county's 
organization  up  to  1920.  The  census  of  1930  shows  a  very  slight 
decrease  for  Nicholas  County,  but  for  Webster  County  a  large  increase 
amounting  to  approximately  23  per  cent. 

West  Virginia  counties  are  constituted  of  smaller  subdivisions 
known  as  magisterial  districts.  In  many  respects  these  subdivisions 
serve  the  same  purpose  as  do  the  townsliips  in  States  farther  north. 
In  all  the  magisterial  districts  of  Nicholas  and  Webster  Counties  the 
population  increased  steadily  from  1870  to  1910.  The  census  of  1930, 
however,  showed  that  in  3  of  the  11  districts  the  population  had  de- 
creased after  1910,  and  in  all  the  others,  except  Glade  and  Fork  Lick  in 
Webster  County  and  Beaver  in  Nicholas  County,  the  population  had 
increased  only  slightly.  Glade  is  one  of  the  better  farming  districts 
and  is  hkewise  the  center  of  important  logging  operations,  which, 
however,  are  now^  rapidly  moving  eastward  into  Pocahontas  County. 
The  increase  of  population  in  Beaver  district  is  due  to  the  large 
labor  demands  of  the  mills  located  at  Richwood.  From  1920  to  1930 
the  districts  containing  Richwood  City  and  the  village  of  Summersville 
increased  in  population,  but  there  was  a  decrease  in  the  territory 
outside  those  places.  Population  declmed  considerably  in  two  dis- 
tricts and  renuiined  approximately  the  same  in  three.  In  Webster 
County,  one  district  had  the  same  population  in  1930  as  in  1910,  all 
the  others  showing  a  considerable  increase. 

According  to  the  census,  the  area  of  land  in  farms  in  Nicholas 
County  decreased  during  the  35  years  prior  to  1925.  (Table  1.)  In 
Webster  County,  on  the  other  hand,  during  the  same  period  the  area 
in  farms  remained  almost  constant.  Webster  is  a  newer  county  and 
until  very  recently  has  been  somewhat  more  isolated.  For  that 
reason  its  farm  population  has  not  felt  so  strongly  the  })ull  of  the 
industrial  centers.  Moreover,  it  is  the  center  of  large  logging  and 
lumbering  operations,  wliich  furnish  winter  employment  and  a  market 
for  farm  produce. 

Table  1. — Land  in  farms,  number  and  size  of  farms,  Nicholas  and  Webster  Counties^ 

1880-1930^ 


Year 

Land  in  farms 

Number  of  farms 

Average  size  of 
farms 

Nicholas 

Webster 

Nicholas 

Webster 

Nicholas 

Webster 

1880 

Acres 
192,  .'■.32 
187,  112 
192,  227 
l.'-.7,.37.'-. 
I.'i3,  72(i 
1.30,  (XW 
148,  307 

Acres 
99,340 
104,  (i89 
llA,  7.S(i 

109,0-13 
99,  LSI 

1 10,  703 
93,  (i09 

1,115 
1. 459 
1,  707 
1,0711 
1,070 
1,574 
1,800 

502 

707 

1,  0.58 

1,084 

981 

1 ,  («;5 

1,  104 

Acres 
172.7 
128.  2 
108.8 
<.>4.  2 
92.  1 
86.4 
82.4 

-IcrM 
197.9 

1890 

136.5 

1900 

109.  4 

1910 

100.6 

1920 

101.1 

192.5 

103.9 

1930 

84.8 

'  United  States  Ocn.sus  figures. 


Apiiiirciitly  agriculture  has  ahiiost,  if  not  quite,  readied  th(^  limit 
of  its  e.\i)aiision  in  these  two  counties.  The  census  of  1900  shows  the 
maximum  iiinouut  of  hmd  in  farms  at  any  period  for  Nicholas  and 
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Webster  Counties  combined,  wliile  the  report  for  1930  shows  only  79 
more  farms  than  at  the  beginning  of  the  century.  Some  farms  have 
been  abandoned  during  the  period  and  others  consoHdated,  which 
would  decrease  the  number,  but  some  new  farms  have  been  estab- 
lished following  the  removal  of  the  timber. 

ECONOMIC  ORGANIZATION  OF  THE  SECTION 


Farming,   lumbering,   and 


some 


mining  constitute 


the  principal 
industries  of  Nicholas  and  Webster  Counties.  There  are  also  a  few 
wood-using  factories  at  Richw^ood,  the  principal  city  of  the  section. 

These  counties  have  four  main  types  of  roads:  (1)  Class  A  or  State; 
(2)  county;  (3)  improved  district;  and  (4)  unimproved  district.  Many 
of  the  unimproved  district  roads  are  nearly  useless  for  the  traffic  re- 
quirements of  the  present  day. 

During  recent  years  many  miles  of  class  A  highways  and  improved 
district  roads  have  been  built  in  Nicholas  and  Webster  Counties. 
The  latter  are  usually  built  to  substantially  the  same  specifications 
as  the  State  (class  A)  roads  but  are  not  hard  surfaced.  Their  con- 
struction has  increased  the  tax  burden  in  several  districts  by  as  much 
as  40  mills  to  the  dollar.  As  shown  later,  it  is  an  expenditure  that 
should  be  scrutinized  with  extreme  care,  for  in  many  cases  it  is 
doubtful  whether  the  natural  resources  of  various  districts  are  of 
sufficient  value  to  warrant  such  highway  improvements. 

Telephonic  communication  among  farmers  in  Nicholas  and  Webster 
Counties  is  almost  entirely  lacldng,  although  on  the  better  soils 
farmers  are  sufficiently^  numerous  to  carry  whatever  overhead  expense 
w^ould  be  involved  in  maintaining  and  operating  a  telephone  system. 

Local  markets  absorb  much  of  the  section's  surplus  farm  produce. 
Generally  speaking.  West  Virginia  is  deficient  in  food  production, 
because  of  the  relatively  small  acreage  of  farm  land  and  the  consider- 
able progress  of  industriaHzation  in  the  State. 

Because  the  expense  of  transporting  suppfies  in  and  out  of  central 
West  Virginia  is  relatively  high,  local  prices  depend  largely  on  local 
supply  and  local  demand,  neither  of  wliicli  varies  greatly  from  year 
to  year.  Prices  of  farm  products  are  therefore  unusually  uniform  one 
year  with  another.  Furthermore,  as  shown  in  Table  2,  the  prices  of 
important  farm  products  are  higher  in  the  West  Virginia  counties 
than  in  sections  of  surplus  production.  Although  the  prices  in  surplus- 
producing  sections  are  for  December  1  only,  and  those  for  the  West 
Virginia  counties  represent  prices  received  by  farmers  for  sales  through- 
out the  year,  the  comparison  indicates  approximately  the  differences. 

Table  2. — Average  farm  prices  of  crops  in  1926  in  Nicholas  and  Webster  Counties 
compared  with  average  farm  prices  as  of  December  1  in  main  surplus-producing 
areas  for  the  same  year 


Product 

Unit 

Farm  price, 

season  of  1926, 

Nicholas  and 

Webster 

Counties 

Farm  price,  December  1, 
1926,   in  surplus-produc- 
ing areas 

Corn 

Bushel 

$1.26 

1.83 

.82 

1.33 

16.  11 

'  1.  14 

.$0.56  Cin  Iowa). 
1.19  (in  Kansas). 
.35  (in  Iowa). 

Wheat. 

do 

Oats 

...  do       

Buckwheat.        .  

do 

.89  (in  Pennsylvania). 

Hay 

Ton 

14  (in  Ohio). 

Potatoes  .  ..     

1  20  (in  Wisconsin)  ^ 

•  The  price  range  during  the  fall  of  1926  was  $1  to  $1.2.5  per  bushel. 

2  In  the  fall  months,  prior  to  December  1,  the  farm  price  La  Wisconsin  had  been  reported  at  25  to  30  cents 
per  bushel. 
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Fat  lambs  and  a  considerable  amount  of  poultry,  particularly 
turkeys,  are  shipped  to  outside  markets,  mainly  to  Jersey  City  and 
Baltimore. 

Credit  facilities  in  the  Nicholas-Webster  section  are  apparently 
adecpiate,  in  view  of  the  small  degree  of  commercialism  Avhich  charac- 
terizes the  s^^stem  of  farming.  The  habit  of  borrowing  for  productive 
purposes  has  not  become  very  prevalent,  and  little  use  is  made  of 
farm-credit  institutions  other  than  the  local  banks.  In  1924,  accord- 
ing to  the  P^ederal  census,  only  9  per  cent  of  the  farms  reported 
mortgage  indebtedness.  Alost  of  this  credit  was  extended  by  private 
indi^iduals. 

The  general  property  tax  is  cliiefly  relied  upon  for  the  raising  of 
county  and  district  revenue  in  this  and  the  surrounding  area.  In 
spite  of  the  fact  that  the  State  aids  liberally  in  the  support  of  the 
schools,  they  and  the  roads  absorb  about  85  per  cent  of  the  taxes 
raised  locally.  Table  3  shows  in  detail  the  purposes  for  wliich  tax 
levies  were  made  in  four  typical  magisterial  districts. 

Table  3. — Rate  of  levy  on  each  $100  of  assessed  value  in  typical  districts  of  Nicholas 
and  Webster  Counties  for  year  ended  June  SO,  1928 


Purpose  of  levy 


Xicholas  Count  v 


Wilderness 
district 


Hamilton 

district 


Webster  County 


Fort  Lick 
district 


Hacker  Val- 
ley district 


General  State  expenditures. 
State  of  Virginia  debt 


Total  State  levy. 


General  county  expenditures 

County  roads 

District  roads 

Roads;  interest  and  sinking  fund 

Health  officer 

Special  emergency  district  road  levy. 

Total  levies  by  county  court. . . 


Elementary  teachers 

Maintenance  of  school  buildings 

New  school  buildings 

High-school  teachers 

Maintenance  of  high-school  buUdings. 
School  interest  and  sinking  fund 


Total  levies  by  board  of  education. 
Grand  total  all  levies. 


$0.10 
.04 


.14 


.30 
.25 
.15 

.52J/C 


.10 


1.32H 


.65 

.15 

.20 

.13 

.02'^ 

.02^2 


1.18 


2.  W/2 


.$0.  10 
.04 


.14 


.30 
.25 
.15 


10 


.80 


.55 

.08 

.05 

.13 

.02H 

.02J^ 


.86 


\.m 


$0. 10 
.04 


,14 


.30 
.25 
.15 
.30 
.03 


1.03 


.54 
.15 
.20 
.45 
.06 
.05 


1.45 


2.02 


$0.10 
.04 


.14 


.30 
.25 
.15 
.30 
.03 


1.03 


.64 
.15 
.15 
.05 


.99 


2.16 


Although  the  maximum  rates  ])ermitte<l  by  law  have  been  levied 
for  most  purposes,  deficits  are  common,  i)articularly  in  the  general 
county  and  the  various  school  levies.  The  deficits  are  becoming 
more  frequent  on  account  of  the  declining  value  of  agricultural,  coal, 
and  timber-  lands.  To  avoid  them,  ex])enses  must  be  reduced,  or 
assessments  must  be  raised,  or  the  legal  rates  of  levy  must  be 
increased.     Perhaps  all  these  measures  must  be  employed. 


UTILIZATION  OF  LANDS  IN  WEST  VIRGINIA  y 

DIFFERENTIATION    OF   FARM   AND    OTHER   LAND— AGRI- 
CULTURAL PHASES  OF  THE  PROBLEM 

A  study  of  land  as  it  is  related  to  the  income  of  farmers  showed 
that  there  are  considerable  areas  of  certain  land  types  in  which 
practically  all  the  farms  have  low  incomes  ^  and  that  there  are  other 
areas  in  which  high  incomes  are  generally  obtained. 

Incomes  made  by  the  farmers  on  poor,  rough,  stony,  badly  located 
lands  were  generally  low  as  might  be  expected,  whereas  the  incomes 
of  the  farmers  on  the  better  kinds  of  land  were  much  higher.  The 
land  that  retin-ned  low  incomes  is  referred  to  as  nonagricultural 
while  the  land  that  returned  relatively  high  incomes  is  called  agri- 
cultural land.  Plate  1  shows  the  location  of  the  agricultural  and 
the  nonagricultural  land.  An  arbitrary  satisfactory  income  that  will 
be  discussed  later  was  selected  as  one  measure  of  the  adaptability  of 
a  land  type  to  agriculture. 

It  was  not  assumed  that  all  tlie  farms  on  a  land  type  should  be 
abandoned  w^henever  a  large  number  of  the  farmers  failed  to  make 
this  satisfactory  income.  Man}^  individuals  would  undoubtedly  get 
a  better  income  on  this  poor  land  than  could  be  obtained  in  any 
alternative  situation  under  existing  conditions.  Until  society  has 
provided  a  directing  agency  that  will  enable  people  to  change  occu- 
pations or  location  wisely,  the  greatest  number  can  be  given  help  in 
improving  their  conditions  in  their  present  environment  rather  than 
by  suggesting  a  change.  In  spite  of  the  fact  that  a  low  income  land 
type  may  be  occupied  by  a  large  number  of  people  who  can  not  find 
a  better  alternative,  it  must  be  recognized  that  from  a  social  point 
of  view  there  are  problems  on  such  land. 

In  some  cases  there  may  be  partial  abandonment,  thus  increasing 
the  burden  of  maintaining  adequate  institutions  and  in  other  instances 
the  people  may  remam  on  the  poor  land  content  with  madequate 
social  institutions.  No  general  solution  to  the  problems  on  poor  land 
types  can  be  given,  but  the}^  must  be  recognized  and  plans  should 
be  made  looking  toward  the  provision  of  a  better  living  for  the  people 
who  are  handicapped  by  poor  land. 

Tenants'  expenditures,  rather  than  owners',  have  been  adopted  as 
the  most  appropriate  measure  of  the  standard  of  living  used  as  a 
criterion  to  determine  whether  the  land  should  be  regarded  as  below 
or  above  the  economic  margin  of  utilization  (Table  4),  because  of  the 
fact  that  if  a  Nicholas  or  Webster  County  farmer  should  migrate  to 
another  agricultural  section  where  the  land  is  considerably  above  the 
margin  he  would  probably  go  there  as  a  tenant,  for  even  though  he 
might  have  owned  a  farm  in  Nicholas  or  Webster  County  it  presum- 
ably would  have  been  of  low  selling  value.^ 

An  income  of  approximately  $1,200  would  probably  support  a 
farm-living  standard  in  West  Virginia  ec|uivalent  to  the  somewhat 
more  expensive  standards  for  the  other  States  shown  in  Table  4. 

5  For  definition  of  income  used,  see  p.  11. 

6  This  statement  is  subject  to  some  qualification.  Some  farms  in  tliis  section  are  unsuited  for  profitable 
farming  simply  because  they  are  too  small.  This  is  particularly  true  of  the  farms  on  Dekalb  loam.  Migra- 
tion of  a  part  of  the  population  would  permit  consolidation  of  the  small  farms  into  larger  ones.  In  this 
event  the  consolidating  owner  could  afford  to  pay  a  price  for  land  which,  under  the  old  order  of  things, 
was  not  yielding  a  reasonable  return.  As  a  matter  of  fact,  land  is  frequently  purchased  for  agricultural 
use,  often  at  a  high  price,  long  after  it  has  become  submarginal  for  agricultural  use.  This  is  ordinarily 
because  of  misinformation,  usually  on  the  part  of  the  unwary  buyer.  Moreover,  the  land,  though  sub- 
marginal  for  agricultural  use,  might  still  be  supramarginal  for  forest  use,  in  which  case  it  would  have  some 
selling  value. 
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Lumber  is  cheap,  thus  reducing  the  cost  of  housing.  In  central  West 
Virginia  the  farm  woodland  furnishes  a  supply  of  fuel.  Coal,  too,  is 
very  cheap,  many  farmers  having  small  mines  on  their  own  land. 

Table  4. — Tenants'  standards  of  living  as  measured  by  the  value  of  the  various 

items  of  family  living  ' 


Item  of  consumption 

Ken- 
tucky 2 

Ken- 
tucky 3 

Ohio  ' 

New 
York  5 

Mis- 
souri s 

Iowa " 

Kansas^ 

Aver- 
age of 
totals 

Number  of  farms 

131 

Dollars 

55() 

192 

27 

155 

45 

38 

23 

102 

5 

93 

Dollars 

594 

180 

30 

155 

61 

53 

11 

26 

84 

Dollars 

564 

239 

53 

198 

47 

49 

52 

26 

2 

107 

Dollars 

818 
2S5 
137 
134 
100 
319 
24 

36 

Dollars 

769 
271 

72 
260 

84 
122 

64 

59 

239 

Dollars 

600 

212 

30 

216 

83 

72 

25 

49 

162 

Dollars 

592 

167 

37 

168 

53 

65 

40 

39 

3 

Food         - 

Dollars 
612 

Clothing 

221 

Furnishing  and  equipment         

55 

Operating  expenses     

184 

Health  

68 

Advancement 

Personal       .  

103 
34 

Insurance --  .-  . 

43 

Unclassified              --  -  

2 

Total                              . 

1,143 

1,110 

1,230 

1,823 

1,701 

1,287 

1,164 

1,351 

1  Value  of  shelter  is  not  included  among  the  items  of  family  living,  but  value  of  food  and  fuel  furnished 
by  the  farm  is  included,  as  well  as  items  purchased.  The  aggregate  values  for  the  various  surveys  are 
adjusted  to  1927  price  levels,  on  the  basis  of»the  index  numbers  of  prices  of  commodities  used  by  farmers  in 
family  living.  No  modifications  were  made  in  the  figures  for  1922,  1923,  and  1924,  because  the  difference  as 
compared  with  1927  was  so  slight.    The  final  average  of  totals  is  a  simple  average. 

2  NiCHOLLs,  W.  D.,  and  Kirkpatrick,  E.  L.  cost  of  living  in  farm  homes,  mason  county,  Kentucky. 
A  preliminary  report.  U.  S.  Dept.  Agr.,  Bur.  Agr.  Econ.  9  p.  1924.  [Mimeographed.]  Data  for  year 
ended  June  30,  1923. 

3  Kirkpatrick,  E.  L.,  and  Sanders,  J.  T.  cost  of  living  in  farm  homes  in  several  areas  of  Ken- 
tucky, TENNESSEE,  AND  TEXAS.      A  PRELIMINARY  REPORT.      U.  S.  Dept.  Agr.,  Bur.  Agr.  EcOU.      14  p.      1924. 

[Mimeographed.]    Data  for  year  ended  Jan.  1,  1921.    Data  corrected  to  level  of  prices  paid  by  farmers  for 
commodities  used  in  living,  1927. 

i and  Melvin,  B.  L.  living  conditions  and  cost  of  living  in  farm  homes  of  Delaware  coun- 
ty, OHIO.    A  PRELIMINARY  REPORT.    U.  S.  Dept.  Agr.,  Bur.  Agr.  Econ.  IS  p.    1924.     [Mimeographed.] 


Data  for  year  ended  Oct.  1,  1923. 
5 Atwater,  II .  W.,  and  Bailey,  I.  M. 


(3)    Data  for  the  year  ended  Sept.  1, 1921.    Data  corrected 


to  level  of  prices  piiid  by  farmers  for  commodities  used  in  living,  1927. 

6 LIVING  CONDITIONS  AND  COST  OF  LIVING  IN  FARM   HOMES  OF  SELECTED  LOCALITIES  OF  MISSOURI. 

A  PRELIMINARY  REPORT.  U.  S.  Dept.  Agr.,  Bur.  Agr.  Econ.  20  p.  1924.  [Mimeographed.]  Data  for 
year  ended  Jan.  1,  1924. 

7  VoN  TuNGELN,  G.  H.,  Thaden,  J.  E.,  and  Kirkpatrick,  E.  L.  (9).  Data  for  year  ended  June 
30,  1922. 

*  Kirkpatrick,  E.  L.,  Burr,  W.,  and  Batchelor,  E.  M.    living  conditions  and  family  living  in 

FARM  HOMES  OK  SELECTED  LOCALITIES  OF  KANSAS.      A  PRELIMINARY  REPORT.      U.  S.  Dept.  Agr.,  Bur.  Agr. 

Econ.  21  p.     1925.     [Mimeographed.]    Data  for  year  ended  Dec.  31,  1923. 

A  schedule  of  expenditures  which  would  need  to  have  been  made 
on  the  Nicholas  and  Webster  County  farms  in  1928  to  support  stand- 
ards of  living  equivalent  to  those  found  in  supramarginal  competitive 
agricultural  sections  is  as  follows: 


Cost  of  living  in  Nicholas  and  Webster  Counties,  1927  and  192S 

Items  of  consumption  Cost 

Food  (purchased  and  liomc  produced) $628 

Clothing 218 

Furnishings  and  equiimient 53 

Operuting  expenses 93 

Health... 66 

Unclassified 189 

Total 1,247 

People  are  bound  by  ties  of  sentiiiieiil  und  tradition  to  a  section 
which  has  been  their  lionu^  I'oi'  several  generations.  A  consi(K^rable 
degree  of  inertia  and  friction  is  ordinaiily  involved  in  migrating  from 
one  place  fo  Jiiiothcr.  It  will  therefore  take  a  considerable  difference 
of  income  to  lead  fjiiiners  (o  migrate.     An  allowance  has  been  made 


TJTILIZATION  OF  LANDS  IN  WEST  VIRGINIA  11 

for  these  frictional  elements,  and  in  order  to  be  conservative  the  neces- 
sary income  for  the  West  Virginia  counties  has  been  reduced  from 
$1,247  to  an  even  $1,200,  of  which  approximately  $450  is  family 
liAdng  produced  on  the  farm. 

The  competitive  positions  of  the  different  lands  of  land  may  be 
changed  by  a  variation  in  the  prices  of  the  products ;  but  since  a  smaller 
income  in  this  section  would  in  all  probabiUty  be  accompanied  by  a 
smaller  income  in  other  sections,  it  is  likely  that  the  greater  part  of 
the  land  classified  as  nonagricultural  will  continue  to  be  in  that 
category. 

The  average  expenditures  for  living  by  tenants  in  the  different 
States  is  composed  of  individual  expenditures  that  vary  greatly  in 
amount.  It  is  also  true  that  there  is  a  great  range  in  incomes  received 
by  the  farmers  in  Nicholas  and  Webster  Counties. 

In  some  localities  in  these  two  West  Virginia  Counties  in  which  the 
average  incomes  were  below  the  $1,200  standard  of  expenditures, 
there  were  many  farms  with  incomes  above  the  standard.  It  is  to  be 
expected  also  that  a  part  of  the  Nicholas  and  Webster  County  farmers 
would  be  unable  to  get  a  better  income  in  a  supramarginal  area  in 
another  part  of  that  State  or  in  some  other  part  of  the  country. 

The  number  of  farmers  who  could  improve  their  condition  by 
moving  woidd  not  be  large  at  any  given  time.  It  is  clear,  however, 
that  some  of  the  land  now  in  farms  is  not  adapted  to  cultivation  but 
should  be  use'd  for  grazing  or  the  production  of  timber,  both  of  which 
uses  would  furnish  a  livelihood  for  fewer  families. 

In  considering  the  alternatives  for  these  farm  families,  it  must  be 
recognized  that  the  size  of  the  family  has  an  influence  in  determining 
what  income  is  necessary  to  attract  farmers  to  another  section.  The 
families  in  the  Nicholas  and  W^ebster  section  average  7.2  persons,  and 
the  tenant  famiUes  whose  average  expenditures  were  shown  in  Table  4 
vary  from  4  to  4.8  persons.  The  expenditure  per  person  is,  therefore, 
greater  for  the  tenant  families  than  for  all  families  in  these  two  West 
Virginia  counties.  Assuming  that  expenditure  gives  some  indication 
of  a  standard  of  living,  it  appears  probable  that  the  estimate  of 
$1,200  on  the  1927  basis  as  an  income  necessary  to  hold  farmers  in 
Nicholas  and  Webster  Counties  is  conservative.  It  would  be  mate- 
rially lower  in  1931. 

In  this  study  it  was  decided  to  employ,  as  an  important  indication 
of  the  suitability  of  land  for  farming,  the  net  income  obtained  by 
farmers  as  a  result  of  their  farming  operations  plus  such  incidental 
returns  from  outside  employments  as  seemed  to  fit  into  the  farm 
economy.  Data  were  obtained  from  225  farms  of  various  soil  types 
and  topographic  conformations.  A  detailed  income  analysis  for  each 
of  174  of  the  farms  was  obtained.  For  the  other  cases,  information 
bearing  on  various  aspects  of  the  farm  economy  was  obtained,  but  the 
records  were  not  sufficiently  complete  or  the  farm  units  themselves 
were  not  of  such  character  as  to  permit  or  justify  making  an  income 
analysis. 

As  a  measure  of  the  ability  of  an  area  to  yield  a  return  capable  of 
maintaining  a  standard  of  living  considered  requisite  to  justify 
permanent  occupancy,  a  concept  of  net  income  is  employed  which  is 
designated   operator's   net  income.     In   computing   operator's   net 
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income  the  ordinary  running  expenses,  taxes,  and  interest  on  the 
investment  in  work  stock,  equipment,  and  buildings,  and  a  charge  for 
depreciation  and  upkeep  on  machinery  and  buildings  other"  than 
dwellings,  were  deducted  from  the  gross  income,  which  included 
famil.v  living  obtained  in  kind  from  the  farm,  and  receipts  from  out- 
side employment,  gas  leases,  and  other  local  sources  of  income. 
Interest  was  not  charged  on  the  "investment"  in  the  bare  land. 

The  investigators  were  concerned  only  in  discovering  whether  the 
bare  land,  along  with  the  operator 's  labor  and  the  requisite  buildings 
and  equipment,  would  yield  the  net  income,  that  (together  with  the 
incidental  earnings  obtained  b}^  the  farmers  from  other  employments) 
is  sufficient  to  furnish  the  economic  support  for  a  standard  of  living 
which  farmers  obtain  in  competitive  agricultural  sections  that  are 
clearly  above  the  margin  of  economic  use.^  Thus,  the  term  "in- 
come" as  hero  used  includes  "economic  rent,"  or  the  earnings  of  the 
bare  land  wherever  the  land  is  above  the  margin.  Since  the  investi- 
gators' concern  was  in  locating  the  margin  of  agricultural  use,  the 
measuring  of  economic  rent  did  not  enter  into  the  problem.  Any 
earnings  the  farmer  may  have  received  from  outside  employment 
have  been  included  in  his  income.  This  appears  justifiable,  first, 
because  the  income  was  probably  not  greatly  in  excess  of  what  the 
farmer  could  have  earned  by  confining  his  efforts  entirely  to  his  farm, 
and  second,  because  a  certain  amount  of  outside  emplojmient  fits  into 
the  farm  organization  and  management  practices  of  th6  section. 

In  studying  the  effects  of  soils  and  topography  on  income,  the  term 
"operator's  land-labor  income"  has  been  employed,  and  is  defined  as 
the  operator's  net  income  minus  the  family  living  from  the  farm  and 
income  from  outside  employment.  It  seemed  desirable  to  omit  these 
items  in  studying  the  influence  of  the  physical  factors  on  income, 
although  they  are  included  when  considering  the  question  whether  a 
particular  locality  yields  a  return  that  justifies  its  continued  occui^ancy 
by  farmers. 

For  short  periods  the  income  from  the  investment  in  buildings, 
equipment,  and  livestock  is  a  quasi  rent,  rather  than  a  necessary 
cost  (^,  J).  74,  412,  420-421,  425-426,  577-579,  622-628).  This 
quasi  rent  is  dependent  upon  the  prices  of  farm  products  and  the  prices 
of  cost  goods  entering  into  the  economy  of  the  farm.  For  short 
periods  the  farm  revenue  need  not  necessarily  be  sufficient  to  allow 
an  interest  and  depreciation  charge  on  this  investment.  For  long 
periods,  however,  (and  it  is  with  a  long  period  that  this  study  is 
mainly  concerned)  the  farm  must  yield  a  revenue  adequate  to  cover 
a  nf)rmal  interest  and  depreciation  charge  on  the  investment  in 
})uildings  and  equipment.  It  goes  without  saying  that  the  farm 
must  in  the  long  run  also  yield  a  I'oturn  for  the  family  labor  equivalent 
to  the  return  which  laborers  with  the  same  grade  of  ability  obtain  in 
distinctly  supermarginal  agricultural  sections,  or  the  inconu^  which 
labor  of  the  same  grade  or  ability  obtains  in  industrial  employment. 

'  In  some  scclions  the  investment,  in  hiiilclintis  is  p-cater  or  less  than  would  bo  requisite  for  eiricicnt  farm 
orHTJition,  tint  it  is  not  believed  that  in  the  section  under  consideration  such  tendencies  introduce  serious 
complications. 
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In  localities  where  the  operator's  net  income  for  most  farms  is 
insufficient  to  support  the  standard  of  living  that  these  people  are 
likely  to  demand,  it  appears  probable  that  ultimately  the  land  will  be 
abandoned,  and  will  revert  to  brush  and  trees.  Where  the  operator's 
net  income  now  obtained  by  the  farmers  in  this  section  is  more  than 
adequate  to  support  the  standard  of  livino;  that  is  secured  by  people 
of  the  same  grade  of  ability  in  agricultural  sections  clearly  super- 
marginal or  in  industrial  employment,  the  land  probably  will  remain 
in  agricultural  use. 

RELATIONSHIP  OF  SOIL  TYPE  TO  FARM  ECONOMY 

Income  and  other  aspects  of  the  farm  economy  were  classified  with 
respect  to  four  main  soil  types.  These  were  the  Dekalb  and  Atldns 
silt  loams  in  combination,^  Dekalb  silt  loam  alone,  Dekalb  loam,  and 
Dekalb  stony  silt  loam.  The  acreage  of  each  of  the  soil  types  in 
Nicholas  and  Webster  Counties  is  shown  in  Table  5. 

Table  5. — Soil  areas  oj  Nicholas  and  Webster  Counties  ^ 


Soil  type 


Dekalb  series: 

Dekalb  stony  silt  loam 

Dekalb  silt  loam 

Total  smooth  phase 

Dekalb  stony  loam 

Dekalb  loam 

Pope  series: 

Pope  sandy  loam 

Pope  loam 

Pope  silt  loam 

Miscellaneous  series: 

Atkins  silt  loam , 

Lickdale  silt  loam 

Upshur  silty  clay  loam 

Upshur  stony  silty  clay  loam. 

Meigs  clay  loam 

Moshannon  fine  sandy  loam.. 
Rough  stony  land 


Total  land  area. 


Water  area  of  the  larger  streams. 


Nicholas 
County 


Acres 

163,  732 

113,068 

17, 756 

73,  306 

18,  577 

9,319 

1,  012 

379 

3,233 

1,204 

696 


250 
"  14,' 074' 


416,  606 


1,194 


Webster 
County 


Acres 
235,  492 
23,  657 


7,504 


1,209 


7,186 


2,162 
77,  650 

354,  860 


1,293 


Total 


Acres 

399,  224 

136,  725 

17,756 

73, 306 

18, 577 

16, 823 

1,012 

379 

4,442 
1,204 

696 
7,186 

250 

2,162 

91,724 


771, 466 


Per  cent 
51.75 

[        20. 02 

9.50 
2.41 

2.18 
.13 
.05 

.58 
.16 
.09 
.93 
.03 
.28 
11.89 

100. 00 


1  The  figures  for  the  total  area  of  the  counties  are  the  result  of  controlled  mensuration  on  the  United 
States  Geological  Siu-vey  quadrangle  sheets,  with  the  areas  of  quadrilaterals  of  5  minutes'  extent  in  latitude 
and  longitude  serving  as  control.  The  areas  of  the  soil  types  are  taken  from  the  soil  survey  reports  but 
are  adjusted  proportionately  to  the  new  figures  of  the  total  land  areas. 

Table  6  shows,  by  major  soil  types,  the  operator's  land-labor  in- 
come, the  value  of  family  hving  furnished  by  the  farm,  the  income 
from  outside  employment,  and  the  operator's  net  income.  Family 
living  furnished  by  the  farm  is  largely  a  function  of  size  of  family. 
The  farm  having  poor  soil  and  rough  topography  and  the  size  of 
which  is  limited  by  the  physical  features  of  the  land  returns  an  in- 
adequate income,  and  greater  reliance  must  accordingly  be  placed 
on  income  from  outside  employment. 

8  .\tkins  silt  loam  is  an  excellent  bottom-land  soil  but  is  subject  to  overflow.  It  is  always  used  in  connec- 
tion with  Dekalb  silt  loam,  an  upland  soil.  Since  no  farms  were  on  Atkins  silt  loam  exclusively,  it  was 
necessary  to  consider  the  Atkins  silt  loam  in  connection  with  Dekalb  silt  loam. 
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The  largest  operator's  land-labor  incomes  were  more  frequently 
found  on  the  combination  of  Dekalb  and  Atldns  silt  loams.  (Fig.  1.) 
The  next  largest  incomes  were  found  on  the  Dekalb  loam  and  the 
Dekalb  silt  loam,  wliich  were  nearly  the  same.  These  incomes,  how- 
ever, were  due  in  part  to  the  larger  size  of  the  farms  in  the  latter 
group.  The  lowest  average  land-labor  incomes  from  the  farm  pre- 
vailed on  the  Dekalb  stony  silt  loam.  The  relationsliip  between  soil 
type  and  income  can  not  be  attributed  to  the  influence  of  soil  type 
alone.  The  other  influences — topography,  size  of  the  farm,  and  the 
personal  characteristics  of  the  operator  himself — must  be  considered. 


FioUKE  l.^Tlit'  ljroud-\  alley  type  of  laud.     'I'lie  siiii  in  this  iu>lainu  ia  largely  Atkins  silt  loam 

and  is  used  chiefly  for  meadow  or  pasture 

But,  wiiere  soil  and  topography  were  both  unfavorable,  the  operator's 
land-labor  incomes  were,  with  few  exceptions,  low  regardless  of  the 
personal  characteristics  of  the  farmer. 

Table  6. — Incomes  oj  jarmers  on  soils  nj  the  major  types,  Nicholas  and  Webster 

Counties 


Soil  typo 


Dekalb  and  Atkins  silt  loams  ' 

Dckall)  loam 

Drkall)  silt  loam 

JJekalb  stony  silt  loam 

MIsfcIlaneous 


Number 

of 
farms ' 


24 
9 
89 
24 
28 


Value  of 
family 
livinK  fur- 
nished by 

the  farm 


$471 
476 
457 
474 
421 


Operator's 

Income 

land-labor 

from  otit- 

mcome 

side  labor 

$866 

$276 

540 

185 

521 

255 

145 

367 

3% 

184 

Operator's 
net  income 


$1,613 
1,201 

<.)S6 
1,(K)1 


•  In  the  two  eoiinties  225  farms  were  visited.  Complete  income  data  were  obciined  on  174.  On  28  farms 
the  soil  types  were  so  varie'i  that  they  did  not  fall  clearly  within  any  one  of  the  4  soil  classes.  These  are 
desiKnatril  in  the  table  as  miscellaneous. 

'  Sec  note  regarding  combination  of  Atkins  silt  loam  with  Dckulb  silt  loam,  p.  13. 
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SOIL  TYPE  AND  CROPS 

To  understand  why  small  incomes  are  associated  with  certain  types 
of  soil  it  is  necessary  to  examine  the  utilization  of  the  various  soil 
types  for  cropping,  grazing,  and  forestry  and  the  yields  that  are 
obtained  from  these  uses.  Table  7  shows  the  size  of  the  farms  as- 
sociated \vitli  the  four  main  soil  types  and  the  percentage  of  the  land 
in  each  type  devoted  to  crops,  pasture,  and  woodland,  respectively. 

The  Dekalb  and  Atkins  combination  is  ordinarily  associated  with 
large  farms  in  the  broad  valleys.    The  Atkins  silt  loam  in  the  broad 


Figure  2. — A  valley  farm  surrounded  by  hills  of  moderate  slopes,  partly  cleared.    The  field  in 
the  foreground  adjoining  the  railroad  is  a  typical  poorly  drained  meadow 

valley  bottoms  has  always  been  used  for  growing  hay  and  until  re- 
cently has  furnished  winter  feed  for  large  numbers  of  cattle  brought 
down  from  the  surrounding  uplands.     (Fig.  2.) 


Table  7. — Average  size,  distribution  of  farm  acreage  among  major  uses,  and  oper- 
ator's land-labor  income  per  acre  oj  cleared  land,  by  major  soil  types 


Num- 
ber of 
farms 

Size  of 
farm 

Cleared 

land,  per 

farm 

Operator's 
land-labor 

income 
from  the 
farm  per 

acre  of 

cleared 

land  1 

Percentage  of  the 
cleared  land — 

Percent- 
age of 

land  in 
farms 

which  is 
wood- 
land 

Soil  type 

In  crops 

In  jias- 
ture 

Dekalb  and  Atkins  silt  loam 

Dekalb  Isam 

24 
9 

89 
24 
28 

Acres 
227 
89 
130 

ne 

107 

Acres 
163.  3 
55.6 
74.8 
53.8 
76.7 

Dollars 
.5.30 
9.71 
6.97 
2.70 
5.16 

Per  cent 
36.7 
52.6 
47.0 
34.9 
44.3 

Per  cent 
63.3 
47.4 
53.0 
65.1 
55.7 

Per  cent 
27.3 
36.0 

Dekalb  silt  loam 

41.7 

Dekalb  stony  silt  loam 

53.2 

Miscellaneous 

53.4 

■The  most  significant  measure  of  the  size  of  farm  is  the  acres  of  cleared  landperfarm.'  Thewoodland  is 
for  the  most  part  cut  over  and  will  yield  no  cash  income  for  some  time.  The  amount  of  pasture  furnished 
by  the  woodland  is  negligible. 
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The  Dekalb  loam  is  excellent  for  cropping^.  It  is  an  upland  soil 
and  is  well  drained.  The  early  settlers  quicldy  learned  of  its  superior 
productiveness,  and  as  the  population  grew,  the  farms  were  frequently 
siibdi\Tided  until  they  now  contain  an  average  of  only  89  acres.  The 
operator's  land-labor  income  from  the  farm  per  acre  of  cleared  land 
on  tliis  soil  is  somewhat  greater  than  that  of  the  Dekalb  silt  loam,  but 
because  the  farms  are  small  the  income  per  farm  is  only  slightly 
greater  than  on  the  Dekalb  silt  loam,  a  soil  inferior  to  the  Dekalb 
loam.  The  low  return  per  acre  on  the  Dekalb  and  Atkins  silt-loam 
combination  does  not  reflect  so  great  a  difference  in  fertility  in  com- 
parison with  the  Dekalb  loam  and  Dekalb  stony  silt  loam.  It  is, 
rather,  due  to  the  fact  that  so  large  a  proportion  of  the  cleared  land 
on  the  Dekalb  and  Atkins  silt-loam  farms  is  devoted  to  pasture  and 
meadow,  much  of  it  being  too  wet  for  cultivation. 

The  Dekalb  loam  and  Dekalb  stony  loam  soils  are  of  light  texture; 
during  dry  weather  they  quicldy  lose  their  moisture,  which  makes 
them  unsatisfactory  for  pasture  use.  Their  light  textm-e,  however,  is 
advantageous  for  cropping,  and  on  the  Dekalb  loam  farms  potatoes 
frequently  yield  as  much  as  300  bushels  per  acre.  The  stony  char- 
acter of  the  Dekalb  stony  loam  makes  it  unsuited  for  cropping,  and 
its  light  textm'e  makes  it  unadapted  to  pasture  use.  Its  productivity 
is  therefore  even  lower  than  that  of  the  Dekalb  stony  silt  loam,  and 
on  this  account  it  has  been  excluded  from  the  zone  of  agricultural 
use. 

The  "rough  stony  land,"  of  which  there  are  92,352  acres  in  the  two 
coimties,  is  distinctly  inferior  to  the  Dekalb  stony  and  Dekalb  stony 
silt  loams  and  is  therefore  placed  in  the  zone  of  forest  use.  This  dis- 
position of  the  land  is  also  justified  by  the  fact  that  it  has  never  been 
occupied  by  farmers. 

The  yields  and  acreages  of  the  principal  crops  grown  on  the  farms 
included  in  this  study  are  sho\\ai  in  Tables  8  and  9,  respectively. 
Differences  in  the  yields  of  corn,  hay,  potatoes,  and  orchard  products 
are  notable.  The  yields  on  the  Dekalb  loam  farms  are  fairly  high, 
but  the  acreage  of  each  crop  per  farm  is  small,  largely  because  of  the 
rugged  topography  of  the  section. 

Table  8. — Normal  ^  yields  per  acre  oj  the  principal  crops 


Soil  type 

Corn 

Oats 

Hay 

Wheat 

Buck- 
wheat 

Pota- 
toes 

Apples 

Dekalb  and  Atkins  silt  loam 

Dekalb  loam.. 

Btishels 
42 
37 
36 
26 

Bushels 
28 
27 
28 
29 

Tons 

1. 1 

1. 1 

.8 

.8 

Bushels 
16 
16 
14 
15 

Bushels 
28 
27 
26 
25 

Bushels 

144 

138 

113 

95 

Bushels 
52 
56 

Dekalb  silt  loam 

Dekalb  stony  silt  loam 

37 
25 

>  By  "normal"  is  meant  the  yield  which  the  farmer  ordinarily  expects. 

Tablk  9. — Average  acreage  per  jarin  oj  the  principal  crops,  1927 


Soil  typo 

Farms 

Com 

Oats 

Hay 

Wheat 

Buck- 
wheat 

Pota- 
toes 

Apples 

Dekalb  and  Atkins  iiilt  loam 

Number 

24 

9 

80 

24 

Acres 
8.6 
5.1 
6.1 
4.1 

Acres 
6.1 
5.0 
5.8 
1.9 

Acres 
41.0 
10.0 
17.5 
XL  3 

Acres 

1.0 

3.8 

1.0 

.1 

Acres 
0.5 
1.6 
1.1 

Acres 

a9 

.9 

1.1 

.6 

Acres 
1.4 

Dekalb  loam .... 

1.2 

Dekalb  .silt  loam 

1.6 

Dekulb  stony  silt  loam 

.8 
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SOIL  TYPE  AND  LIVESTOCK  ENTERPRISES 

Livestock  is  the  chief  source  of  cash  income  in  the  West  Virginia 
Appalachians.  Farmers  of  Nichohis  and  Webster  Counties  usually 
raise  from  8  to  10  head  of  lambs  and  from  3  to  12  head  of  beef- type 
calves  each  year.  The  size  of  the  livestock  enterprises  is  generally 
limited  by  the  ability  of  the  farms  to  supply  winter  feed  and  pasture. 
The  number  of  cattle  and  sheep  per  farm  and  per  acre  was  largest  on 
the  combination  of  Dekalb  and  Atkins  silt  loams.  Tliis  is  partly 
because  of  the  larger  size  of  these  farms  and  partly  because  of  the 
large  yield  of  hay  per  acre  on  the  Atkins  silt  loam  bottom  lands. 
The  light  texture  of  the  Dekalb  loam  makes  it  better  adapted  to  the 
growing  of  cultivated  crops  than  to  grazing.  In  Table  7  it  is  shown 
that  the  percentage  of  cleared  land  in  crops  is  greatest  on  the  Dekalb 
loam.  The  crop  surplus  on  the  Dekalb  loam  farms  is  sold  to  the 
growers  of  livestock  on  those  soil  types  not  so  well  suited  to  cropping. 

The  Dekalb  stony  silt  loam  is  not  suitable  for  cropping  and  there- 
fore does  not  supply  the  winter  feed  recpiired  for  growing  cattle.  As 
sheep  raising  is  less  dependent  than  cattle  raising  upon  the  growing  of 
forage  for  winter  feed,  there  are  more  sheep  and  fewer  cattle  per  farm 
and  per  acre  on  the  Dekalb  stony  silt  loam  than  on  either  the  Dekalb 
loam  or  the  Dekalb  silt  loam.  Nevertheless  the  number  of  animal 
units  per  farm  on  the  Dekalb  stony  silt  loam  farms  is  very  small,  and 
this  in  turn  is  reflected  in  low  incomes. 

Table  10. — Number  o}  livestock  and  cash  receipts  jrom  livestock  per  jarm  and  per 

acre  on  the  major  soil  types 


Farms 

Total  cows, 

heifers,  and 

steers 

Ewes 

Total  animal 

units,  cattle 

and  ewes 

Cash  receipts 
from  all 
livestock 

Soil  type 

Per 
farm 

Per 
acre  of 
cleared 

land 

Per 

farm 

Per 
acre  of 
cleared 

laud 

Per 

farm 

Per 
acre  of 
cleared 

land 

Per 

farm 

Per 
acre  of 
cleared 

land 

Dekalb  and  Alkins  silt  loam. 
Dekalb  loam          .           

ber 

24 

9 

89 

24 

V«,7»- 

ber 

20.2 
5.0 
7.8 
3.0 

Num- 
ber 
0.12 
.09 
.10 
.OG 

Num- 
ber 
16.6 
8.8 
10.7 
10.8 

Num- 
ber 
0.10 
.16 
.14 
.20 

Num- 
ber 
22.  5 
6.2 
9.  3 
4.5 

Ninv- 

ber 

0.14 

.11 

.12 

.08 

Dollar  R 
1,  262 

687 
681 
286 

Dollars 

7.73 

12.37 

Dekalb  silt  loam 

9. 15 

Dekalb  stony  silt  loam 

5.32 

RELATIONSHIP    OF    TOPOGRAPHY    TO    FARM    ECONOMY 

Farmers'  incomes  in  this  section  are  not  dependent  on  soil  type 
alone.  To  repeat,  income  is  mainly  the  resultant  of  four  major  in- 
fluences: Soil  type;  topography;  size  of  business;  and  the  personal 
characteristics  of  the  operator  himself  as  they  affect  methods  of 
management  and  the  conduct  of  operations.  These  are  not  inde- 
pendent influences.  They  are  closely  interrelated;  it  is  consequently 
impossible  to  measure  precisely  the  net  effect  of  any  one. 

On  the  basis  of  topography  the  farms  can  be  described  as  follows: 
Gently  rolling  upland,  broad-valley,  narrow-ridge,  and  narrow-valley. 
Twelve  broad  valleys  occur  in  Nicholas  and  Webster  Counties.  They 
are  from  ){  mile  to  2]^  miles  in  width  and  1  to  12  miles  long.  The 
bottom  land  is  usually  Atkins  silt  loam;  the  upland,  Dekalb  silt  loam. 
The  total  area  of  the  broad  valleys  is  approximately  25,000  acres. 

98634°— 32 2 
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The  gently  rolling  upland  includes,  generally  speaking,  the  Dekalb 
loam,  the  smooth-phase  Dekalb  silt  loam,  and  the  very  small  areas  of 
Lickdalo  silt  loam  soils. 

The  eflect  of  topography  upon  the  distribution  of  farm  land  among 
its  various  uses  is  shown  in  Table  1 1 .  The  narrow-ridge  and  narrow- 
valley  farms  are  small  and  have  fewer  acres  of  cleared  land  and  crop 
and  pasture  land  per  farm  than  do  the  broad-valley  farms.  Tliis 
explains  in  part  their  low  income-producing  capacity.  Since  the 
steep  hillsides  are  not  suited  to  growing  cultivated  crops,  the  narrow- 
valley  farms  have  a  relatively  small  percentage  of  their  cleared  acre- 
age in  crops  and  a  large  percentage  in  })asture.  Because  they  are 
subject  to  overflow,  the  broad-valley  farms  also  are  characterized  by  a 
small  percentage  of  cleared  land  in  crops  and  a  large  percentage  in 
pasture.     (Fig.  2.) 

Table  11. — Major  land  uses  on  the  principal  Icinds  of  lopographij 


Topography 


Farms 


Size  of 
farm 


Cleared 

land  per 

farm 


Crops 
[ler  farm 


Cleared 

land  in 

crops 


Cleared 
land  in 
pasture 


Wood- 
land 


Broad  valley . . 
Gently  rolling 
Narrow  ridge. 
Narrow  valley 


Number 
16 
45 
56 

57 


Acres 
304 
148 
121 
123 


Acres 

193.8 

93.6 

60.4 

67.0 


Acres 
64.6 
45.7 
29.9 
25.6 


Per  cent 
33 
49 
50 

38 


Per  cent 
67 
51 
50 
62 


Per  cent 
35 
36 
49 
45 


The  narrow-ridge  farms,  like  the  narrow-valley  farms,  are  small, 
partly  because  of  the  subdivision  which  is  one  of  the  consequences  of 
the  gradual  increase  of  population  in  a  more  or  less  isolated  section, 
and  partly  because  of  the  difficulties  of  farm  organization  and  man- 
agement involved  in  operating  a  large  farm  on  a  long,  narrow  ridge. 
As  the  farms  are  inclined  to  be  stony,  hand  cultivation  is  necessary, 
and  it  naturally  follows  that  the  extent  of  crop  land  per  farm  must  be 
relatively  small. 

Table  12  shows  that  the  gently  rolling  land  was,  generally  speaking, 
the  most  remunerative  at  the  time  of  tliis  study.  The  apparent  in- 
fluence of  size  of  farm  on  operator's  land-labor  income  for  a  specific 
type  of  topography  is  marked.  It  is  true,  the  variations  shown  in 
Table  12  are  not  in  every  case  precisely  what  woidd  be  expected,  but 
it  should  be  j-emembered  that  in  the  cross  tabulation  the  174  farms 
are  subdivicUMJ  into  24  classes  and  subclasses.  Part  of  this  variation 
can  l)e  attjihnt(Hl  to  the  ])ersonal  chai-acteristics  of  the  farmer,  but  no 
measure  of  this  type  of  influence  on  income  is  available. 


Tablk  12. — Relationship  between  toiuujrd  plnj,  size  offarni,  a  ml  o  pcralor  s  land-labor 

income  f  mm  the  farm,  l'JJH-l'J,i7  ' 


ToiJOgrapliy 


Oently  rolling., 
Ilroad  valley  .. 
Narrow  ridge.. 
Narrow  valley . 


Total  and  average... 


Less  than 
50  acres 


Num- 
ber 
10 
1 
27 
2.3 


HI 


Dol- 
lars 
47.S 
316 
3(K) 
113 


260 


50  to  99 
acres 


Num- 
ber 


23 
21 


71 


Dnl- 
liirs 
529 
495 
407 
288 


410 


100  to  149 
acres 


Nil  III 
her 
H 
3 
2 
0 


22 


Dol- 
lars 
I,  379 
988 
328 
739 


968 


150  to  199 
a(Tes 


Nil  m- 
brr 
2 
2 
4 
3 


Dol- 
lars 
561 
K02 
952 
823 


819 


200  to  249 
acres 


her 
I 


Dol- 
lars 

1,677 


671 


1,  124 


Over  249 
acres 


Nil  III- 
brr 


'  The  data  arc  for  174  farraH, 


E 
o 


Dol- 
lars 
1.684 
1,062 


1,Z« 
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TOPOGRAPHY  AND  CROPS 

The  relationship  between  topography  and  the  acreage  and  yields 
of  the  principal  farm  crops  is  shown  in  Tables  13  and  14.  The  acreage 
of  most  of  the  crops  is  smallest  on  the  narrow-ridge  and  narrow- 
valley  farms.  The  fact  that  in  the  case  of  some  crops  the  jdelds  on  the 
two  poorest  classes  of  land  are  not  notably  less  than  on  the  two  best 
classes  probably  reflects  in  part  the  fact  that  ordinarily  only  the  better- 
lying  land  on  the  nairow-ridge  and  narrow-valley  farms  is  used  for 
cropping  purposes  and  perhaps  only  the  better  soils. 

Table  13. — Average  acreage  of  principal  crops  per  farm  by  topograpJiy,  1927^ 


Topography 


Corn 

Oats 

Hay 

Wheat 

Buck- 
wheat 

Pota- 
toes 

Or- 
chard 

Gar- 
den 

Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

7.4 

5.5 

46.7 

0.8 

1.1 

0.9 

1.6 

0.3 

7.8 

7.1 

20.2 

9    9 

2.1 

1.8 

1.0 

.4 

4.6 

4.6 

15.3 

1.2 

.7 

1.1 

1.8 

.4 

5.4 

3.8 

13.1 

.1 

.5 

.7 

1.4 

.3 

Other 
crops 


Broad  valley. . 
Gently  rolling. 
Narrow  ridge_ 
Narrow  valley 


Acres 

0.0 

.8 

.5 

.3 


•  The  data  are  for  174  farms. 

Table  14. — Normal  yields  per  acre  of  principal  crops  * 


Topography 


Broad  valley- _ 
Gently  rolling. 
Narrow  ridge.. 
Narrow  valley 


Corn 


Bushels 
38 
36 
38 
30 


Oats 


Bushels 
25 
31 
27 
27 


Hay 


Tons 

1. 1 

.9 


Wheat 


Bushels 
11 
14 
16 
14 


Buck- 
wheat 


Bushels 
27 
25 
23 
23 


Pota- 
toes 


Bushels 

140 

138 

99 

103 


Or- 
chard 


Bushels 
61 
57 
45 
36 


Garden, 

value 

Ijer  acre 


Dollars 
258 
316 
203 
233 


Based  on  data  from  174  surveyed  farms. 


TOPOGRAPHY  AND  LIVESTOCK 

A  more  pronounced  relationship  exists  between  topography  and 
livestock  operations  than  between  topography  and  crop  growing. 
Table  15  indicates  that  the  numbers  of  both  cattle  and  sheep  are 
larger  on  the  broad-valley  and  gently  rolling  farms  than  on  the  nar- 
row-ridge and  narrow-valley  farms.  The  number  of  cattle  per  acre  is 
also  largest  in  the  first  two  groups,  but  the  number  of  sheep  per  acre 
is  largest  in  the  two  latter  groups.  More  feed  is  required  to  carry 
cattle  tlu'ough  the  winter  than  sheep.  Since  the  acreage  of  crops  is 
small  on  the  narrow-ridge  and  narrow-valley  farms  it  is  more  econom- 
ical to  raise  sheep  on  farms  of  this  type.  On  the  other  hand,  the  broad- 
valley  farms  produce  a  large  quantity  of  hay,  and  for  that  reason 
their  operators  find  it  more  economical  to  raise  cattle.  In  the  broad 
valleys  the  dampness  of  the  ground  is  an  obstacle  to  raising  sheep, 
which  thrive  much  better  on  the  uplands  than  on  the  lowlands.  Some 
consolidation  of  small  farms  will  probably  take  place.  This  should 
make  for  more  profitable  livestock  farming. 
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Table  15. — Number  oj  livestock  on  Jarms  of  the  various  topographic  classes 


Farms 
report- 
ing 

Total  cows, 

heifers,   and 

steers 

Ewes 

Total  animal 

units  cattle 

and  ewes 

Cash  receipts 
from  live- 
stock 

Topography 

Per 

farm 

Per 
acre  of 
cleared 

land 

Per 

farm 

Per 
acre  of 
cleared 

land 

Per 

farm 

Per 
acre  of 
cleared 

land 

Per 
farm 

Per 
acre  of 
cleared 

land 

Broad  vallev                  

Number 
lb 
45 
56 
57 

Kujnber 

20.7 

12.7 

5.2 

5.1 

Number 

0.11 

.14 

.09 

.08 

Number 

l.i..3 

13.8 

9.6 

11.1 

Number 

0.08 

.l.'i 

.16 

.17 

Number 

22.9 

14.7 

6.6 

6.7 

Number 

0.12 

.16 

.11 

.10 

Dollars 
1,361 
931 

485 
544 

Dollars 
7.02 

Gently  rolling 

9.94 

Narrow  ridge                 

8.02 

Narrow  vallev 

8.12 

COMBINED   EFFECT    OF    SOIL   TYPE,    TOPOGRAPHY,   AND 
SIZE  OF  FARM  ON  FARM  INCOME 

The  relationship  of  topography  and  size  of  farm  was  analyzed  for 
the  four  most  important  soil  types.  A  summary  of  this  analysis  is  as 
follows:  (1)  On  the  Dekalb  and  Atkins  silt-loam  combination,  22  of 
24  farms  yielded  a  return  of  more  than  $1 ,200.  These  soils,  therefore, 
appear  to  be  adapted  to  reasonably  successful  farming.  (2)  The 
farms  on  the  Dekalb  loam  are  too  small  to  return  a  satisfactory 
income  but  all  of  the  land  is  agricultural  and  some  consolidation  of 
farms  may  be  expected.  (3)  Only  one  of  the  70  Dekalb  silt  loam 
farms  containing  less  than  100  acres  returned  the  minimum  of  $1,200. 
On  the  other  hand  18  of  the  19  farms  containing  100  acres  or  more 
yielded  incomes  in  excess  of  $1,200.  It  appears  probable,  therefore, 
that  wherever  topography  permits  tracts  of  Dekalb  silt  loam  larger 
than  100  acres  to  be  brought  under  single  management,  farming  can 
be  depended  upon  to  continue  indefinitely  if  the  land  lies  in  contiguous 
acreages  large  enough  to  support  the  necessary  community  institu- 
tions. (4)  Only  one  of  the  Dekalb  stony  silt  loam  farms,  regardless 
of  size,  yielded  a  satisfactory  mcomc.  The  Dekalb  stony  silt  loam 
is  always  associated  with  the  more  rugged  of  the  narrow-valley  and 
narrow-ridge  lands.  There  appears  to  be  no  type  of  farming  suited 
to  the  utilization  of  the  Dekalb  stony  silt  loam  soils.  "  Where  helds 
of  Dekalb  stony  silt  loam  are  farmed  longer  than  a  few  years  or 
severely  grazcnl  they  often  become  so  eroded  that  they  are  practically 
valueless  for  agriculture  and  are  abandoned  or  revert  to  forest.  The 
forest  growth  should  never  have  been  removed  entirely  from  much 
of  the  type  that  has  been  cleared."     {0,  j).  16.) 

This  soil  type  comprises  ai)proximately  52  per  cent  of  the  two 
counties.  The  Dekalb  stony  loam  that  constitutes  about  another 
10  per  cent  of  the  area  is  of  less  value  for  farmmg. 

THE  COMMUNITY  AS  A  FACTOR  IN  DRAWING  THE  LINE 
BETWEEN  FARM  AND  OTHER  LAND 

So  far  the  discussion  mainly  coiiccjued  the  farmer  as  an  individual, 
})ut  another  important  aspect  of  the  problem  is  the  relationship  of  his 
farm  to  other  farms  m  the  community.  The  question  is  whether  it  is 
likely  that  this  grouj)  of  fiirms  will  in  the  future  be  able  to  produce 
enough  to  Jiiaintain  a  satisfactory  cumiuunity  standard  without  a  sub- 
sidy from  outside. 
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In  attempting  to  draw  the  line  between  farm  land  and  other  land 
and  to  determine  institutional  readjustments  that  appear  desirable  in 
connection  with  such  a  diiierentiation,  a  special  study  was  made  of  the 
relation  between  the  cost  of  supporting  certain  community  institutions, 
particularly  roads  and  schools,  and  the  soil  and  topographic  peculiari- 
ties of  the  section.  These  additional  data  in  turn  tend  to  confirm  all 
the  conclusions  with  respect  to  the  distinction  between  farm  and 
other  land  that  had  been  drawn  through  considering  merely  the 
individual  farm  economy. 

The  first  step  in  the  study  of  the  various  commimities  was  to  locate 
each  farm  on  a  soil  and  topographic  map,  on  the  basis  of  information 
supplied  by  the  district  assessors.  Plate  2  shows  the  location  of  the 
farms  with  respect  to  soil  type  and  topography.  It  was  found  that 
the  density  of  the  farms  and  consequently  of  population,  varied  with 
soil  and  topographic  conditions,  being  much  less  on  poor  than  on  good 
soils.  Thirty-five  per  cent  of  all  the  farms  in  the  two  counties  are 
located  on  soils  on  which  incomes  of  less  than  $1,200  per  farm  can  be 
expected.  These  soils  constitute  73  per  cent  of  the  area  of  the  two 
counties.  On  the  other  hand,  65  per  cent  of  the  farms  are  on  land  on 
which  incomes  of  more  than  $1,200  per  farm  can  be  expected  and 
which  ma]s;es  up  the  remaining  27  per  cent  of  the  total  area.  This 
difference  m  density  of  population  makes  the  cost  of  schools  and  roads 
relatively  high  on  the  non agricultural  soils. 

It  was  found  that  in  certain  small  areas  the  soil  and  the  lay  of  the 
land  were  satisfactory  for  farming,  but  there  was  not  enough  land  of 
this  character  to  provide  a  sufficient  number  of  farms  to  support 
needed  community  institutions.  In  these  more  or  less  isolated 
communities  the  cost  of  financing  schools  and  roads  would  now  be 
more  than  the  farmers  could  bear  were  they  required  to  contribute 
all  the  cost  or  even  a  very  substantial  part  of  it.  In  such  communities 
the  largest  part  of  the  cost  of  maintaining  schools  and  roads  is  borne 
by  the  nonagricultural  land;  that  is  to  say,  the  tunberland.  Once 
the  timber  is  removed,  the  financial  support  for  the  roads  and  schools 
will  vanish,  and  the  farmers  will  be  forced  to  abandon  their  farms  or 
get  along  with  very  inferior  schools  and  roads. 

Two  areas  that  illustrate  these  conditions  are  upper  Haixdlton  and 
lower  Wilderness  districts  in  Nicholas  County.  In  reaching  a  decision 
as  to  the  permanent  agricultural  possibifities  of  these  two  districts  the 
determming  factor  was  the  cost  of  roads  and  schools  per  farm.  In 
considering  tliis  cost  the  contributions  from  the  count}^  and  the  State 
have  been  mcluded.  Where  the  good  land  lies  in  small  tracts  and  the 
farms  are  therefore  scattered,  the  cost  of  maintaining  schools  and  roads 
is  so  liigh  that  it  would  be  cheaper  for  the  State  and  county  to  buy  the 
farms  than  to  continue  to  maintain  roads  and  schools. 

In  considering  whether  population  in  a  particular  area  is  sufficiently 
dense  to  justify  the  public  in  providing  schools  and  other  facifities 
and  is  likely  to  continue  so,  it  is  necessary  to  have  in  mind  also  those 
who  make  a  living  partly  or  wholly  from  nonagricultural  occupations, 
and  those  who  appear  to  be  in  various  stages  of  gradually  abandoning 
farming  as  an  occupation.  The  farm  residences  of  the  section  were 
therefore  grouped  according  to  type  of  use  into  six  classes  as  follows: 
(A)  Farms  giving  exclusive  employment  to  operator;  (B)  farms  oper- 
ated througiiout  the  year  but  operator  working  elsewhere  during  win- 
ters; (C)  farms  operated  largely  by  family  labor,  but  operator  working 
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elsewhere  most  of  the  year;  (D)  farms  used  for  garden  and  residence 
only ;  (E)  farms  operated  in  connection  with  an  adjacent  or  neighboring 
farm;  and  (F)  farms  of  wliich  neither  the  land  nor  the  buildings  were 
The  number  of  each  type  is  shown  in  Table  16. 


being  used 


Table  16. — Number  oj  farms  on  agricultural  and  nonagricuUural  land  grouped 
according  to  the  dependence  of  the  farmers  upon  them  for  their  living 


Class  of  land 

T\'pe  of 

use 

Total 
number 
of  farms 

A 

B 

C 

D 

E 

F 

Agricultural -- 

596 
172 

145 
69 

375 
290 

320 
255 

137 
50 

171 
122 

1  744 

NonagrieulturaL-   

958 

Total 

768 

214 

665 

575 

187 

293 

2,702 

A  =  Farms  givinp  exclusive  employment  to  operator. 

B  =  Farms  operated  all  year  but  operator  working  out  winters. 

0  =  Farms  operated  largely  by  family  labor,  exclusive  of  head  of  family. 

D  =  Farms  used  for  garden  and  residence  only. 

E  =  Farms  operated  in  connection  with  adjacent  or  neighboring  farms. 

F  =  Farms  where  neither  land  nor  buildings  are  used. 

Table  17.^ — Percentage  of  farms  on  agricultural  and  nonagricuUural  land  grouped 
according  to  the  extent  to  which  farmers  depend  upon  them  for  their  livelihood 


Class" of  land 

Type  of  use  ' 

Total 

A 

B 

C 

D 

E 

F 

Agricultural -. 

78 
22 

6H 
32 

56 
44 

56 
44 

73 
27 

58 
42 

65 

Nonagficultural 

35 

Total... 

100 

100 

100 

100 

100 

100 

100 

'  For  definition  of  type  of  use  (A-F)  see  Table  16. 

Table  18. — Number  and  percentage  of  farms  by  districts,  land  grouped  according  to 
the  dependence  oJ  the  jarmers  upon  agriculture  Jor  their  living 


District 

Type  of  use  i 

A 

B 

C 

1) 

E 

F 

Nichola.s  County: 
Beaver 

N^um- 

ber 
82 
72 
66 
39 

IIH 
6.') 

1.55 

35 
74 
30 
34 

Per 
cent 
29 
41 
22 
27 
35 
40 
51 

20 
19 
14 
14 

Num- 
ber 
20 
14 
3S 
10 
23 
10 
17 

12 
33 
23 
16 

Per 

cent 
7 
9 
13 
7 
7 
6 
6 

7 

,s 

II 

6 

Num- 
ber 
67 
26 
80 
21 
.59 
27 
47 

6(1 

131 

53 

96 

Per 

cent 
23 
16 
27 
16 
is 
17 
15 

34 
35 
26 
30 

Num- 
ber 
69 
27 
49 
43 
73 
26 
2(1 

33 
84 
81 
63 

Per 

cent 
24 
16 
17 

30 

22 

16 

>.) 

19 
22 
39 
26 

Num- 
ber 
35 

S 
12 

9 
11 

9 
2s 

10 
34 
13 
12 

Per 

cent 
12 
5 
4 
6 
3 
6 
it 

6 
9 
6 
5 

Num- 
ber 
13 
16 
49 
20 
51 
24 
32 

24 

26 

9 

24 

Per 

cent 
5 
10 
17 
14 
15 
15 
10 

14 
7 
4 

10 

Xiaih 
ber 
280 
10,3 
294 
115 
3:15 
161 
305 

174 

.^H5 

209 
245 

Per 

cent 
100 

(Jrant      

100 

Hamilton 

Jetferson 

100 
100 

Kentucky 

Summersville 

Wilderness    

Webster  County: 

Fork  I>ick 

Olado 

100 
1(H) 
100 

100 

10!) 

Hacker  Valley... 
Holly 

HK) 
1(K) 

Total 

770 

28 

216 

8 

073 

25 

574 

21 

181 

t 

288 

11 

2,  702 

100 

•  See  Table  16  for  derinition  of  type  of  use. 
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Type  A  and  type  B  farms,  which  took  practically  all  the  operators' 
time  throughout  the  year,  were  more  frequently  found  on  the  better 
soils.  Forty-two  per  cent  of  the  farms  on  the  agricultural  soils  were 
of  these  types.  On  the  nonagricultural  soils,  however,  only  25  per 
cent  of  the  farms  were  of  the  A  and  B  type.  The  type  C  and  type  D 
farms,  w  hich  are  mainly  country  residences  with  some  farming  done  by 
family  labor,  were  found  in  greater  proportion  on  the  nonagricultural 
soils.  These  two  types  made  up  57  per  cent  of  the  farms  on  the  non- 
agricultural  soils,  whereas  they  constituted  only  40  per  cent  of  the 
farms  on  the  agricultural  soils.  The  fact  that  the  type  A  and  type  B 
farms  are  more  often  associated  with  the  better  soils,  and  the  type  C 
and  type  D  farms  with  the  poorer  soils,  is  another  indication  that  the 
latter  are  less  productive  and  that  greater  dependence  must  be  placed 
upon  outside  labor  to  maintain  such  standards  of  living  as  the  people 
of  the  section  insist  upon. 

The  percentage  of  abandoned  farms  was  not  much  greater  on  the 
nonagricultural  soils  than  on  the  agricultural  soils  for  two  reasons. 
In  the  first  place  a  considerable  extent  of  the  soil  which  has  been 
designated  here  as  being  suitable  for  agricultural  use  is  associated 
with  a  type  of  topography  unsuited  to  agriculture.  In  the  second 
place,  lumbering  operations  are  found  in  localities  close  to  the  rougher 
land  and  poorer  soils.  On  tliis  account,  farms  that  would  otherwise 
be  abandoned  are  now  in  use,  but  mainly  for  residential  purposes. 

An  analysis  showed  that  the  cost  per  farm  of  maintaining  roads 
and  schools  for  the  widely  scattered  communities  is  very  high.  In  9 
of  the  11  districts  the  tax  on  the  farms  was  scarcely  enough  to  cover 
the  cost  of  building  and  maintenance  of  roads;  therefore,  taxpayers 
other  than  farmers  paid  the  entire  cost  of  running  the  schools.  These 
scattered,  isolated  communities  are  usually  in  the  midst  of  large 
timbered  tracts  and  derive  the  financial  support  for  their  roads  and 
schools  from  the  timbered  lands.  As  the  timber  resources  become 
depleted  the  farms  will  have  to  absorb  this  cost.  It  is  ob\aous  that 
they  can  not  do  so  permanently,  and  unless  large  appropriations  of 
State  aid  are  made  the  schools  and  roads  must  deteriorate.  This  in 
turn  will  hasten  farm  abandonment,  for  people  will  not  live  perma- 
nently where  the  schools  and  roads  are  inferior  to  those  that  they 
now  have. 

Table  19  shows  the  cost  to  all  taxpayers  of  maintaining  roads  and 
schools  in  the  various  districts  of  Nicholas  and  Webster  Counties. 
The  third  column  shows  the  total  cost  of  providing  these  services  for 
the  individual  farms.  The  fourth  column  shows  that  part  of  the  cost 
paid  by  the  farms  themselves.  The  remainder  of  the  cost,  shown  in 
the  last  column,  is  the  amount  paid  per  farm  by  taxpayers  other 
than  farmers,  mainly  owners  of  timber  land. 
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Table  19. — Average  cost  per  occupied  jarm  to  all  taxpayers  and  to  taxpayers  other 
than  farmers,  for  roads  and  1-room  schools,  and  average  taxes  paid  by  occupied 
farms  in  the  various  districts  of  Nicholas  and  Webster  Counties,  1927-28 


District 


Average  cost  to  all  taxpayers  per 
occupied  farm 


For  1-room 
schools 


For  county 

and  district 

roads  i 


Total 


Average 
real-estate 
tax  paid  by 
farmers  per 

occupied 
farm 


Average 
cost  to  tax- 
payers other 
than  farm- 
ers, per 
occupied 
farm 


Nicholas  County: 

Beaver 

Grant 

ITamilton 

Jefferson 

Kentucky 

Sumraersville. 

"SVilderness 

AVebster  County; 

Fork  Lick 

Glade 

Hacker  Valley 
Holly 


Dollars 
60 
62 
65 
89 
80 
84 
71 

160 
93 
81 
60 


Dollars 
113 
33 
58 
66 
30 
56 
24 

108 
62 
25 
28 


Dollars 
173 

95 
123 
155 
110 
140 

95 

268 

155 

106 

94 


Dollars 


40 
32 
45 
25 
26 
41 
35 

44 
34 
40 
20 


Dollars 


133 
63 
78 

130 
84 
99 
60 

224 

121 

66 

74 


1  Levies  for  highway  bonds  were  omitted  because  nearly  all  of  these  funds  have  been  used  to  build  trunk 
and  State  roads  between  the  towns. 


The  maintenance  of  the  country  roads  and  rural  schools  of  Nicholas 
and  Webster  Counties  costs  taxpayers  other  than  the  farmers  from 
$53  to  $223  per  occupied  farm.  That  is  to  say,  for  each  of  the  farms 
in  the  various  school  districts  there  was  required  from  $53  to  $223  of 
outside  money  to  support  the  schools  and  roads.  If  funds  were  bor- 
rowed at  4%  per  cent  interest  and  the  present  taxes  were  used  in  paying 
the  interest  on  these  funds,  it  would  be  economical  to  buy  these  farms, 
paying  as  much  as  from  $1,316  to  $4,954  for  each,  in  order  to  eliminate 
the  cost  of  maintaining  roads  and  schools.  According  to  the  1925 
Census  of  Agriculture  (9),  the  average  value^  of  farms  in  Nicholas 
County  was  $2,993,  and  in  Webster  $3,062.  In  certain  of  the  magis- 
terial districts  where  the  land  is  universally  inferior  for  agricultural 
purposes  all  the  farms  could  be  purchased  for  much  less  than  the 
capitalized  value  of  the  existing  taxes  that  the  taxpayers  other  than 
farmers  are  now  paying  to  maintain  schools,  roads,  and  other 
institutions. 

In  the  two  counties  there  are  74  schools  in  the  nonagricultural 
districts.  In  45  school  communities  out  of  116  in  the  two  counties, 
eight  or  fewer  occupied  farms  lay  within  the  territory  from  which  the 
schools  drew  their  patrons.  With  an  average  of  approxhnately  five 
occupied  farms  per  school,  the  average  cost  of  these  schools  in  Webster 
County  ranged  from  $156  to  $245  per  occupied  farm.  The  latter 
amount  would  pay  the  interest  at  4%  per  cent  on  $5,444  worth  of 
bonds,  which  would  ])i'ovide  sufFicient  funds  to  buy  all  the  farms  in 
the  territory  patronizing  these  schools,  at  the  average  census  value  for 
the  county  in  1925,  ami  would  leave  a  l)ahince  of  $2,382  ])er  farm.  In 
Nicholas  County  the  average  cost  of  maintaining  small  1-room  schools 
in  12  selected  comtnuuities  was  $184  per  occupied  fann.  This  sum 
would  pay  the  ititerest  on  a  fund  of  $4,088,  which  would  leave  a 
bahiMce  of  $1,095  foi-  each  faim  above  the  average  census  value  of 
farms  of  the  county  in  1925.  These  farms  could  probably  be  bought 
for  less  than  the  average  vahie  of  faiMiis  for  the  county  as  a  whole,  and 
the  saving  would  be  still  greater. 
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It  is  significant  that  78  per  cent  of  tlie  45  rural  school  communities 
mentioned  were  located  on  soils  designated  as  being  nonagricultural, 
and  the  remainder  were  located  on  agricultural  soils  of  steep  or  narrow 
topography.  This  fact,  considered  in  connection  with  the  high  cost 
of  schools  per  occupied  farm,  confirms  the  validity  of  excluding  certain 
soil  types  and  certain  lands  of  toi)ography  from  the  zone  of  agri- 
cultural use. 

FORESTRY  ASPECTS  OF  THE  LAND-UTILIZATION  PROBLEM 

THE  PRESENT  SITUATION 

REMOVAL  OF  OLD-GROWTH  TIMBER 

The  old-growth  timber  (fig.  3)  in  central  West  Virginia  seems  des- 
tined to  be  removed  completely  within  the  next  15  to  20  years.  If 
the  rate  of  cutting  that  prevailed  in  1927  should  continue,  the  section 


FiGTRE  3.— Most  of  the  rugged  area  of  Nicholas  and  Webster  Counties  is  still  covered  with 
timber.    The  valley  of  the  Elk  River  from  Webster  Springs  eastward  contains  one  of  the  largest 
k      single  tracts  of  virgin  hardwoods  in  the  East 

would  be  entirely  divested  of  its  large  tracts  of  virgin  timber  in  10 
years  and  of  its  lightly  culled  timber  in  18  years.  It  is  not  likely  that 
the  large  band  mills  will  afterwards  turn  to  the  second-growth  timber. 
Cutting  in  this  class  of  forest  probably  will  not  be  materially  increased, 
within  the  next  20  years  at  least,  over  the  present  rate.  If  this 
assumption  is  correct  and  if  fires  are  kept  within  reasonable  bounds, 
the  forest  at  the  end  of  the  next  20  years,  including  the  growth  made 
in  the  ineantime,  may  contain  a  total  volume  of  around  1,750,000,000 
feet  board  measure  or  about  6,700,000  cords  of  timber  covering  about 
692,000  acres.  Tliis  will  consist  largely  of  second  growth,  with  small 
scattered  remnants  of  the  old-growth  forest,  mostty  on  farms,pr  in 
very  inaccessible  locations.     These  stands,  together  with  the  mer- 
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charitable  second  growth,  wherever  accessible,  will  be  exploited  niainly 
by  portable  sawmills. 

EFFECT  ON  FOREST  INDUSTRIES 

The  existing  wood-using  plants,  including  the  pulp  and  paper  mills, 
depend  entirely  upon  the  native  supplies  of  old-growth  timber.  With 
the  possible  exception  of  the  pulp  mill  they  are  all  bound  to  disappear 
with,  or  shortl}^  after,  the  band  mills,  or  they  will  be  withdrawn  when 
the  supply  of  large-size  timber  is  gone. 

It  seems  likely  that  the  second-growth  forests  should  afford  an 
ample  supply  of  timber  at  least  for  the  secondary  wood-working 
]jlants,  which  now  consume  in  the  aggregate  slightly  over  17,400,000 
board  feet  annually.  But  even  if  the  desired  species  (beech  and 
maple)  were  present  in  the  larger  sizes  suitable  for  veneer  and  handle 
stock,  which  is  not  likely  to  be  the  case,  their  scattered  distribution 
among  the  many  other  species  would  alone  prohibit  their  removal  at 
a  profit. 

The  plants  utilizing  hardwoods  may  continue  operation  for  several 
years  after  the  larger  sawmills  close  down,  by  purchasing  logs  from 
farmers  and  from  other  O'vvTiers  of  small  tracts.  Because  of  the  small 
number  of  species  that  they  can  use,  however,  and  because  of  the 
lunited  distribution  of  those  species,  they  probably  will  not  obtain 
a  supply  sufficient  to  warrant  indefinite  operation. 

Second-growth  forests  will  not  yield  sufficient  spruce  and  hardwood 
to  supply  the  pulp  mill:  its  life  can  be  extended  beyond  the  20-year 
period  only  by  importing  pulpwood,  or  by  changing  its  equipment  so 
as  to  utilize  hardwoods.  Wliether  the  soda  process  would  be  com- 
mercially feasible  for  the  many  species  available,  particularly  those 
of  dark  color,  is  open  to  question.  The  semichemical  process,  which 
is  cheaper  and  more  efficient  in  utilizing  hardwoods,  might  be  em- 
ployed. The  outlook  for  a  continuation,  possibly  permanently,  of 
pulp  and  paper  manufacture  is  somewhat  encouraging,  in  view  of  the 
ample  quantity  of  available  raw  material  and  the  short  rotations  re- 
quired to  grow  trees  of  the  requisite  sizes. 

On  this  situation  hinges  the  continued  operation  of  the  Richwood 
branch  railroad  after  the  next  15  to  20  years.  It  is  hardly  likely, 
considering  the  nature  of  the  products  now  being  hauled  out  of  the 
section  and  the  limited  possibilities  for  expansion  of  the  coal  industry, 
that  sufficient  tonnage  would  be  available  to  justify  a  continuation 
of  this  line  if  all  the  large  wood-working  plants  should  cease  their 
operations. 

Such  forest  products  as  lunil)cr  aiid  tics  formed  from  83  to  91  per 
cent  of  the  total  annual  fr(>iglit  tonnage  shipped  from  the  section 
during  the  years  1922  to  1927.  Other  products  derived  from  the 
forests,  such  as  paper,  wooden  dishes,  and  clothesi)ins,  constituted 
an  additional  6  to  11  per  cent,  and  all  forest  products  combined 
averaged  97  per  cent  of  total  shipments  during  those  yeare.     (Fig.  4.) 

The  products  of  agriculture  alone  certainly  can  not  furnish  sufiicient 
tonnage,  and  it  is  doubtful  whether  the  cut-over  lands  under  ])resent 
conditions  will  furnish  innterial  oilier  than  Imrdwood  pulpwood  sufli- 
cicjit  to  warrant  continued  operation. 
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While  they  lasted,  the  forest  industries  afl'orded  iiiiportnnt  local 
markets  for  farm  produce  and  an  opportimity  for  em])loyment  which 
was  needed    to  supplement    the  small  farm  incomes.     The  poorly 
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Figure  4. — Shipments  from  Nicholas-Webster  Territory  by  Balti- 
more &  Ohio  Railroad,  1922-1927 

There  is  a  slight  trend  downward  of  all  shipments,  and  no  products  seem  to  be  replacing  those 

of  the  forest  in  importance. 

stocked  second-growth  forests  can  not  be  expected  to  support  indus- 
tries on  anywhere  near  so  large  a  scale  as  those  based  upon  the  original 
stand.     Only  when  elTectively  protected  from  fire  and  placed  under 
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management  will  they  ever  give  employment  on  any  considerable 
scale. 

lyiost  of  the  farmers  on  the  poorer  soils  are  receiving  inadequate 
incomes  even  with  returns  from  outside  employment  amounting  to 
about  $300  a  year.  With  the  passing  of  the  old-growth  forests  it 
wiU  be  difficult  to  maintam  the  present  standard  of  living.  Aside 
from  the  individual  suffering,  communities  with  persistently  low  in- 
comes and  consequently  low  standards  of  living  constitute  a  threat 
to  the  standards  of  other  commmiities  more  fortunately  situated. 

PRESENT  FOREST  COVER 

The  present  forest  cover  including  farm  woodland  and  abandoned 
fields,  either  grown  up  or  in  the  process  of  restockmg,  occupies  roughly 
664,000  acres,  or  86  per  cent  of  the  entire  land  area  of  Nicholas  and 
AVebster  Counties.  Its  distribution  by  classes  of  timberland  is  shown 
in  Plate  3.  The  area  of  each  class,  including  old  fields,  is  given  in 
Table  20.  Various  factors  have  influenced  the  development  of  many 
of  the  present  characteristics  of  the  forest  cover. 

Table  20. — Distribulion  of  forest  areas  by  classes  ' 


Class  of  forest 


Area  in  Nicholas 
County 


Area  in  Webster 
County 


Total  area 


Virgin 

Lightly  culled 

Merchantable  second  growth. 
Nonmcrchan table  cut  over.-- 
Old  field 


Acres 

11,200 

31,400 

104, 100 

181,500 

18,800 


Total. 


347, 000 


Per  cent 

3 

9 

30 

53 

5 


Acres 
34,900 
41,300 
60,000 

171,  500 
9,500 


100 


317,  200 


Per  cent 
11 
13 
19 

54 
3 


Acres 
46,100 
72,700 
164,100 
353,  000 
28,300 


100 


664,  200 


Per  cent 

7 
11 
25 
53 

4 


100 


1  Determined  on  the  basis  of  information  obtained  from  county  ofBcials,  from  maps  of  the  larger  holdings, 
from  field  observation,  and  from  sample  plots  scattered  throughout  the  section. 


DEVELOPMENT  OF  LUMBERING 

Much  has  been  written  concerning  the  early  logging  operations  in 
West  Virginia  (1).  In  the  section  studied,  the  first  cuttings,  begin- 
ning as  earl}^  as  1870,  were  strict)}^  of  a  selective  natiu-e  and  included 
only  the  largest  and  best  trees  of  a  few  species,  because  of  the  existing 
demand  for  but  relatively  few  kinds  of  wood,  and  also  because  of  the 
limitations  of  water  transportation,  used  exclusively  at  that  tijue  to 
get  the  logs  to  the  sawmills.  Yellow  poplar  (Liriodendron  tvlipijera), 
black  walnut,  basswood,  and  later,  spruce  and  hemlock  were  the 
species  chiefly  selected.  During  this  period  large  numbers  of  logs 
were  lost  along  the  banks  of  the  streams,  for  no  attempts  to  salvage 
them  were  made. 

Later,  when  mills  were  established  closer  to  the  forest  and  pole 
roads  were  built  along  the  smaller  streams,  selected  oak  and  chestnut 
trees  were  also  taken. 

After  railroads  were  built  into  the  territory,  beginning  in  1892,  the 
more  efficient  railroad  trans])ortation  rapidly  replaced  the  wasteful 
"drifting"  of  logs.  By  1910,  11  band  mills  'in  Nicholas  County  aiid 
2  outside  were  cutting Ovei-  200, 000, 000  board  feet  annually,  and  in 
Webster  County  4  band  mills  and  15  smaller  scattered  portables 
were  in  operation. 
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As  the  more  intensive  phase  of  lumbering  developed,  the  possibili- 
ties of  manufacturing  products  other  than  lumber  were  recognized  and 
a  large  tamiery,  a  pulp  and  paper  mill,  a  woodenware  plant,  and  a 
dowel  and  handle  factory  were  estabhshed  in  Rich  wood,  together 
with  a  softwood  band  mill.  As  a  result,  Richwood  has  become  the 
center  of  the  wood-using  industry  of  the  section. 

The  number  of  band  mills  has  decreased  since  1910  because  of 
depletion  of  the  timber.  To-day  there  are  four  band  mills  in  Nicholas 
County  and  four  in  Webster  County. 

EFFECT  OF  TYPE  OF  CUTTING  ON  FOREST  COVER 

VIRGIN    STANDS 

Nearly  all  the  old-growth  stands  owned  by  farmers  have  been 
lightly  cut  into  for  domestic  use.  In  other  respects  their  character 
is  no  different  from  that  of  the  large  virgin  tracts,  except  that  they 
have  received  slightly  better  protection  from  fire.  The  volume  of 
these  stands  runs  from  12,000  to  25,000  board  feet  per  acre,  depending 
upon  site,  species,  and  severity  of  previous  fire  damage.  Most  of  the 
volume  is  in  the  diameters  ^  ranging  from  12  to  24  inches,  although 
these  diameter  classes  contain  only  a  small  proportion  of  the  total 
number  of  trees. 

Severe  suppression  of  the  smaller  trees  (4  to  12  inches)  is  character- 
istic of  old-grow  th  stands.  Suppression  may  be  complete,  preventing 
satisfactory  growth  of  these  smaller  trees  wliich,  normally,  would  be 
growing  the  more  rapidly. ^°  Since  the  largest  trees  have  passed  their 
prime,  disease  and  decay  offset  or  even  exceed  the  growth. 

LIGHTLY    CULLED    STANDS 

Lightly  culled  old  growth  (fig.  5)  is  characterized  by  the  removal  of 
large  select  trees  of  the  best  species.  This  practice  leaves  openings 
in  which  young  trees,  if  present,  find  space  for  more  rapid  growth. 
If  there  is  no  young  growth,  new  reproduction  becomes  established 
before  the  crowns  of  the  remaining  trees  extend  to  close  the  openings. 
Most  of  the  trees  in  these  stands  are  still  under  12  inches  in  diameter. 

STANDS    CUT    TO    DIAMETER    LIMIT 

After  about  1900,  operators  began  cutting  to  a  rough  diameter 
limit  and  utilized  a  wider  range  of  species.  The  limit  has  varied 
from  18  inches  to  12  inches,  but  in  the  earlier  operations  trees  under 
16  inches  on  the  stump  were  not  usually  taken.  This  method  of 
cutting  left  the  stands  in  relatively  good  condition  and  with  volumes 
averaging  from  5,000  to  6,000  board  feet  per  acre.  Stands  cub  in 
this  way  from  6  to  25  years  ago  are  now  being  cut  over  again. 

STANDS    HEAVILY    CUT    OVER 

The  present  intensive  phase  of  lumbering  leaves  principally  those 
stands   classed  here   as.  "heavily   cat   over"   or   "nonmerchantable 

« Diameters  of  standing  trees  are  measured  at  a  height  4.5  feet  from  the  ground,  designated  as  breast 
height.    This  is  usually  written  d.  b.  h. 

10  The  individual  trees  may  be  divided  into  classes  on  the  basis  of  the  relative  freedom  of  their  crowns  from 
shade.  The  collective  term  "dominant  and  codominant "  is  used  to  denote  the  fact  that  all  or  most  of  the 
crown  is  free  of  shade.  Such  trees  are  relatively  of  average  size  and  larger.  The  term  "  intermediate  and 
suppressed"  indicates  that  most  or  all  of  the  crown  is  shaded  by  taller  trees.  These  terms  apjily  to  trees 
with  straight,  sound  stems.  Injured,  deformed,  or  diseased  trees,  irrespective  of  their  crown  positions,  are 
classed  as  "defective," 
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cut  over."  This  is  especially  the  case  in  stands  either  previously 
culled  or  cut  to  a  diameter  limit.  Seventy-five  to  ninety  per  cent  of 
the  trees  left  are  10  inches  or  less  in  diameter,  and  the  total  residual 
volume  is  seldom  over  2,000  to  4,000  feet  per  acre.  From  one-third 
to  one-half  of  the  remaining  trees  are  defective.  This  large  percentage 
of  defect  and  decay  in  the  small  trees  materially  affects  the  ability 
of  the  stand  to  utilize  the  productive  capacity  of  site.  All  stages  of 
lumbering  have  been  marked  by  removal  of  the  most  valuable  and 
rapidly  growing  species.  The  remaining  inferior  species  and  defective 
trees  have  reseeded  the  ground  and  prevented  adequate  reproduction 
of  the  more  valuable  species.  The  slash  left  on  the  ground  increases 
the  danger  of  fire,  which  in  many  instances  has  completely  destroyed 
such  desirable  second  growth  as  had  become  established. 


Figure  5. 
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-STEM   Distribution   in  Lightly  Culled  Stands  by  Tree 

CLASSES:     OAK-CH  ESTNUT-H  ICKORY  TYPE 


The  young  trees  of  the  dominant  and  eodominant  classes  4  to  12  inches  in  diameter  have  room 

to  grow  in  the  lightly  culled  stands. 


EFFECTS  OF  FIRE  ON  THE  FOREST  COVER 

As  in  all  other  sections  of  the  soiithei'n  Appalachians,  fires  have 
swept  through  the  forests  repeatedly.  The  greater  part  of  the  decay 
and  the  injury  due  to  "timber  worms"  found  in  the  older  stands  is 
the  aftermath  of  earlier  fire  scarring.  Fires  have  also  impaired  the 
fertility  of  the  soil  by  ])urning  the  hunuis.  This,  along  with  the 
effects  of  scarring,  has  hastened  decay  and  death  of  the  timber. 

The  common  butt  rot,  which  is  only  one  of  the  consecpiences  of 
forest  fires,  renders  valueless  that  part  of  the  tree  that  contains  the 
highest  grade  of  lumber.  Furthermore,  the  dead  wood  resulting 
from  one  fire  furnishes  excellent  fuel  for  the  next,  and  ic])(>aled 
burnings  so  weaken  the  trees  that  many  of' them  arc  broken  oil  by 
the  wind. 

Besides  directly  damaging  the  mature  timber,  fire  greatly  reduces 
the  vigor  of  the  forest.  Allhough  a  lnrg(»  f|U)inlity  of  reproduction 
may  follow  even  a  severe  fire,  its  (jualily  is  seiiously  impaired,  in- 
stead of  seedlings,  the  new  growth  consists  of  sprouts,  largely  of 
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inferior  species.  This  growth  monopohzes  the  site  and  thereby 
reduces  its  productive  capacity  (fig.  G). 

If,  as  often  happens,  fire  breaks  out  in  a  young  stand  after  cutting 
and  before  the  slasli  has  decayed,  destruction  of  the  young  growth 
is  nearly  complete.  Even  a  light  fire  in  a  young  stand  does  far  more 
damage  than  is  outwardly  apparent.  Seemingly  healthy  trees  in 
such  stands  frequently  become  infested  with  heart  rot,  although 
the  fire  scars  may  heal  over.  Trees  damaged  by  fire  when  young 
can  not  be  expected  to  maintain  a  vigorous  growth.  On  the  contrary, 
the  rate  of  growth  will  gradually  decrease  as  the  decay  established  in 
tlie  fire  scar  extends  through  the  stem. 

The  early  ascendancy  of  the  useless  species  and  the  long  tijne 
which  must  elapse  before  seedlings  of  the  more  valuable  kinds  can 
replace   the  inferior  sprout  growth,   represent   a   distinct   loss.     If 
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Figure  6. — Volume  Distribution  in  Lightly  Culled  stands  by  Tree 

CLASSES:    OAK-CHESTNUT-H  ICKORY  TYPE 

A  large  proportion  of  the  volume  of  lightly  culled  stands  is  in  trees  16  inches  and  more  in 

diameter. 

fires  again  sweep  through  such  stands,  as  toe  often  happens,  the 
productive  capacity  of  the  site  ma}^  be  totally  destroyed. 


EFFECT  OF  CHESTNUT  BUGHT 

The  nature,  extent,  and  effects  of  the  chestnut  blight  are  not 
generally  understood  locally.  Only  during  the  last  four  to  six  years 
has  any  attention  been  paid  to  its  progress.  The  damage  done  by 
the  blight  has  generally  been  mistakenly  attributed  to  insects.  The 
blight  has  spread  rapidly  since  1927  and  is  aft'ecting  chestnut  in 
farm  woodland  as  well  as  in  other  timberland  in  all  parts  of  both 
counties. 

The  blight  is  a  fungous  disease  that  attacks  the  living  bark  and 
outer  sapwood,  forming  cankers  which  finally  girdle  and  kill  the 
part  affected.  Although  the  blight  does  not  damage  the  wood,  the 
dead  part  of  the  tree  is  quickly  attacked  by  wood-destroying  fungi 
and  by  insects  and  "timber  worms,"  all  of  which  combine  to  cause 
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rapid  deterioration.  The  effects  of  these  agencies  have  often  been 
confused  \vith  the  effects  of  the  bhght  because  their  attacks  occur 
so  soon  after  the  bhght  has  killed  the  aft'ected  parts. 

As  the  farmers  of  the  section  have  depended  mainly  on  mast 
crops  to  fatten  their  hogs,  and  as  chestnuts  have  formed  a  large 
proportion  of  this  crop,  one  eft"ect  of  the  blight  will  be  to  reduce  this 
source  of  feed. 

A  more  important  effect  of  the  bhght  is  the  killing  of  standing 
chestnut.  Many  farmers  intend  to  hold  their  chestnut  timber  for 
better  prices  because  lumber  prices  are  now  at  a  very  low  level. 
The  heart  wood  of  blight-killed  chestnut  is  usually  sound  for  about 
five  years  after  death,  and  only  the  sapwood  is  mimediately  attacked 
by  rot.  Chestnut  pole  timber  should  be  sold  as  soon  as  a  market 
can  be  found,  since  users  will  not  bu}^  after  sapwood  has  rotted. 


FiouRE  7.— Dense  reproduction  of  oak  which  has  occupierl  the  recently  abandoned  crop  and 
pasture  fields  throuKhout  the  gently  rolling  glade  area  of  Nicholas  and  Webster  Count  ies.  Three 
stages  of  growth  are  represented  liere.  Every  elTort  should  be  made  to  protect  such  growth 
and  to  imi)rove  it  by  occasional  thinnings 

EFFECT  OF  ABANDONMENT  OF  MARGINAL  FARM  LANDS 

Abandonment  of  lands  formerly  used  for  agriculture  has  generally 
been  quickly  followed  by  the  establishment  of  forest  growth.  Such 
factors  as  the  existence,  i)osition,  and  species  of  seed  trees,  the  degree, 
evenness,  and  exposure  of  slopes,  and  the  direction  of  the  prevailing 
wiiuls  have  (h'tcrmined  the  character  of  regeneration.  For  example, 
on  tlie  J^ekalb  silt  loam  and  on  the  dry  slo])es  and  coves  of  Cirassy 
Creek  in  Webster  County  the  oaks  predominate  because  the  forests 
surrounding  the  abandoned  fields  are  composed  largely  of  oak  trees. 
(Fig.  7.) 

Besides  those  old-field  stands  consisting  chiefly  o(  white,  red,  and 
scarlet  oaks,  designated  here  as  the  oak  type,  there  are  others  con- 
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sistino;  mainly  of  yellow  poplar,  designated  as  the  yellow-poplar  type. 
A  third  class  of  stands,  in  which  oak  and  yellow  poplar  are  associated 
with  various  inferior  species,  is  designated  as  the  miscellaneous-species 
type.  Nearly  pure  stands  of  black  locust  have  been  observed,  but 
because  of  its  short  life  and  its  susceptibility  to  the  locust  borer, 
black  locust  is  not  treated  here  as  a  separate  type.  The  more  prev- 
alent invading  species  increase  in  numbers  and  gradually  dominate 
the  site  to  form  eventually  one  of  the  three  types  mentioned. 

The  types  may  best  be  described  by  examples  of  specific,  repre- 
sentative stands.  A  13-year-old  stand  of  oak  occupies  a  north  slope 
in  Webster  County  on  a  field  which  was  abandoned  14  years  ago. 
Except  for  a  few  sprouts,  the  present  growth  seeded  in  from  the 
mature  trees  on  the  slope  above  the  field. 

Practically  all  the  trees  are  under  4  inches  in  diameter  and  average 
18  feet  in  height.  There  are  3,408  trees  to  the  acre,  uniformly 
distributed.  White  oak  alone  constitutes  86  per  cent  of  the  total  and 
scarlet  oak  6  per  cent.  Red  maple,  hickory,  dogwood,  sourwood,  and 
chestnut  make  up  the  remainder. 

Another  old-field  stand  of  practically  the  same  age  and  height  is 
fairly  dense,  having  2,380  trees  per  acre,  all  under  3  inches  in  diameter 
breast  high.  White  oak  composes  48  per  cent,  red  oak  19  per  cent, 
and  red  maple,  chestnut,  and  hickory  the  remainder. 

Table  21  shows  the  diameter-distribution  and  number  of  trees  of 
three  older  stands,  all  situated  on  Dekalb  stony  silt  loam.  The  first 
is  on  a  slope,  the  second  in  a  cove,  and  the  third  on  a  slope.  All 
face  south  or  west. 

Stands  of  yellow  poplar  occur  on  slopes  or  in  coves  facing  north  or 
northeast.  Most  of  these  are  on  fields  abandoned  since  the  Civil 
War,  and  after  hmibering  began.  Because  the  rich  fertility  of  the 
cove  heads  and  slopes  was  rapidly  reduced  by  erosion,  the  period  of 
cultivation  was  too  short  to  eradicate  entirely  the  aggressively  sprout- 
ing species  such  as  chestnut,  black  locust,  sassafras,  and  sumac,  but 
enough  yellow-poplar  seed  blew  in  from  the  near-by  trees  to  take 
eventual  possession  of  the  site. 

Table  21. — Number  of  trees,  hij  diameter  classes,  on  1  acre  in  three  representative 

old-field  stands  of  oak 


Diameter  class 

25  years  old 

35  years  old 

45  years  old 

Number 

Per  cent 

Number 

Per  cent 

Number 

Per  cent 

4  to  10  inches 

406 

10 

2 

97.0 
2.5 

.5 

206 
14 

93.7 
6.3 

178 

42 

9 

77.9 

12  to  22  inches...  . 

18.3 

24  inches  and  up  ' 

3.8 

1  Trees  already  present  when  stand  was  established. 

As  in  the  case  of  the  oak,  there  is  much  difference  between  stands 
even  when  they  are  of  the  same  age.  Yellow  poplar  forms  55  to  87 
per  cent  of  the  total  number  of  trees,  other  valuable  species  5  to  43 
per  cent,  and  inferior  species  2  to  8  per  cent.  Three  stands  of  prac- 
tically the  same  age  (26  to  27  years)  had  from  234  to  438  trees  per 
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acre.     Figures  8  and  9  show  the  distribution  of  diameters  and  vohime 
in  one  of  these  stands. 
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Figures. — stem  Distribution  in  Old-Field  Stands,  by  Tree  Classes: 

Yellow-Poplar  Type 

The  dominant  and  codominant  trees  make  up  a  relatively  high  percentage  of  the  old-field  stands. 

Stands  of  the  miscellaneous-species  type  are  also  common  in  this 
section.     Table  22  shows  the  mixed  composition  of  three  repi'esenta- 
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Figure    9.— Volume    Distribution    in    Old-Field    Stands,    by    Tree 

CLASSES:  YELLOW-POPLAR  TYPE 
Most  of  the  volume  of  old-field  stands  is  in  the  dominant  and  codominant  trees. 

tive  stands  of  this  ty\H\     These  stands  are  on  steep  slopes  too  rough 
for  fanning. 
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Table  22. — Composition  of  three  representative  old-field  stands  of  the  miscellaneous- 
species  type 


Species 

3-year 
stand 

16-year 
stand 

30-year 
stand 

Species 

3-year 
stand 

16- year 
stand 

30-year 
stand 

Yellow  poplar 

Per  cent 

3.2 

1.8 

2.6 

4.2 

6.2 

12.4 

1.0 

.2 

.2 

.2 

.8 

.2 

1.0 

Per  cent 
4.6 
21.1 
25.1 

1.1 
--- 

Per  cent 

12.5 

1.5 

7.4 

.9 

12.2 

4.5 

3.0 

8.9 

Black  locust 

Per  cent 
11.3 

Per  cent 

Per  cent 
5.0 

Red  oak _  _ 

Black  gum 

4.2 

M'hite  oak_   _..  _ 

Sassafras  .. 

36.6 

30.6 

Chestnut  oak. 

Sourwood 

2. 1 

Ilickorv    

Dogwood-   - 

7.8 

41.3 

4.6 

.2 

Chestnut-      . 

Sumach ._. 

Elderberry.-.    

Sugar  maple   -  ._- 

Red  maple 

Witch  hazel -  --. 

Total 

Yellow  birch  

100.0 

100.0 

100.0 

Trees  per  acre .. 

Cucumber  magnolia 

Num- 
ber 
1,988 

Num- 
ber 
1,750 

White  ash         ..  .  __  _. 

Num- 

Ohio buckeve 

1.2 

i.'2 

ber 

Butternut 

.8 

336 

DISTRIBUTION  OF  FOREST  COVER  BY  SPECIES 

SOIL    TYPE    AND    DISTRIBUTION    OF    SPECIES 

The  great  number  of  tree  species  found  in  this  section  is  character- 
istic of  the  southern  Appalacliian  hardwood  forest.  On  all  soil  types 
except  the  Upshur  stony  silty  clay  loam,  chestnut  is  the  most  abun- 
dant species,  followed  by  wliite  oak,  yellow  poplar,  beech,  the  black 
oaks,  and  liickory.  Although  most  of  the  species  are  found  on  nearly 
all  soils,  their  relative  abundance  varies. 

On  Dekalb  stony  silt  loam,  the  most  numerous  trees  in  order  of 
their  abundance  are  chestnut,  white  oak,  yellow  poplai-,  hickory, 
beech,  black  oak,  and  basswood.  Yellow  poplar,  basswood,  and 
butternut  are  relatively  more  abundant  than  on  any  other  soil  type. 

On  Dekalb  silt  loam  the  chestnut,  white  oak,  beech,  sourwood, 
black  oak,  red  maple,  and  chestnut  oak  are  most  abundant.  Sour- 
wood, hemlock,  and  sassafras  are  relatively  more  abundant  than  on 
other  soils. 

On  rough  stony  land,  beech,  birch,  sugar  maple,  black  gum,  mag- 
nolia, dogwood,  and  white  ash  occur  more  abundantly  than  elsewhere. 
The  most  common  trees  on  this  soil  type  are  chestnut,  beech,  white 
oak,  black  oak,  hickory,  yellow  poplar,  sugar  maple,  and  black  gum. 

On  Dekalb  stony  loam  the  most  abundant  trees  are  chestnut,  black 
oak,  chestnut  oak,  white  oak,  black  locust,  sourwood,  and  hickory. 
Chestnut,  chestnut  oak,  black  locust,  and  black  cherry  attain  their 
greatest  relative  abundance  on  this  type  of  soil.  Chestnut  forms  over 
one-third  of  the  total  stand. 

The  limited  area  of  Upshur  stony  silty  clay  loam  supports  various 
species  with  yellow  poplar,  beech,  sycamore,  and  sugar  maple  pre- 
dominating. 

Dekalb  loam,  which  is  confined  chiefly  to  ridge  tops,  is  also  relatively 
unimportant  because  of  its  restricted  area  and  irregular  occurrence. 
Chestnut  and  white  oak,  hickory,  black  oak,  and  red  maple  are  the 
species  found  most  often  on  this  soil. 


TOPOGRAPHY    AND    DISTRIBUTION    OF    SPECIES 

Topography  as  a  factor  in  the  distribution  of  species  is  important 
chiefly  on  the  slopes  of  the  broader  valleys  where  the  contrast  be- 
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tween  slopes  with  different  exposures  is  most  pronounced.  The 
growth  in  coves  is  also  affected  by  the  direction  of  exposure. 

In  ascending  a  cool,  moist  slope  with  a  northern  or  an  eastern 
exposure  a  mixture  of  many  species  is  found,  with  yellow  poplar 
predominating  and  often  forming  pure  stands.  As  the  ridge  crest  is 
approached,  the  mixture  changes  to  one  of  chestnut  oak,  hickory,  and 
black  gum ;  below,  on  the  opposite  slope,  with  its  southern  or  western 
exposure,  the  stand  consists  chiefly  of  oak. 

Definite  combinations  of  species  are  often  associated  with  par- 
ticular types  of  topography.  Two  of  the  combinations  most  generally 
observed  are  designated  here  as  the  oak-chestnut-hickory  type  and 
the  oak-chestnut-poplar  type.  The  first  is  more  often  associated 
with  the  dry  upper  slopes  and  narrow  ridges;  it  is  also  the  most  com- 
mon combination  on  the  gently  rolling  topography  of  the  glade  area. 
The  second  generally  occurs  on  the  less-exposed  middle  and  lower 
slopes. 

The  number  of  species  is  largest  on  the  long,  smooth,  moist  slopes 
and  benches  of  the  deeper  valleys,  on  the  lower  slopes  of  the  narrow, 
sheltered  vallej^s,  and  at  the  heads  of  moist  coves.  For  the  sake  of 
simplicity  such  combinations  have  been  designated  here  as  the  mis- 
cellaneous-species type. 

OWNERSHIP  OF  FOREST  LANDS 

Nearly  half  of  the  forest  land  is  held  by  individuals  in  small  scat- 
tered tracts,  mainly  in  "surface"  ownership.^^  The  remainder,  in 
large  blocks,  is  held  in  surface  or  ''fee"  ownership  by  corporate  in- 
terests.     (Table  23.) 

Large  lumber  companies  own  approximately  19  per  cent  of  the 
timberland  in  Nicholas  County  and  44  per  cent  in  Webster  County. 
A  large  portion  of  these  tracts  contains  only  nonmerchantable  timber. 
It  is  being  held  for  various  reasons  which  are  discussed  later. 

Coal  companies  own  in  fee  approximately  12  per  cent  of  the  land  in 
Nicholas  County  but  practically  none  in  Webster.  This  is  in  addition 
to  the  tracts  owned  by  operators  of  mineral  and  timber  together, 
whose  holdings  have  been  included  in  the  lands  owned  by  lumber 
companies.  As  a  matter  of  fact,  some  of  the  mine  corporations  are 
affiliated  with,  or  subsidiary  to  lumber  organizations,  so  that  the  con- 
solidation of  the  timber  and  mineral  resources  is  all  the  more  complete. 

Table  23. — Ownership  of  forest  land  in  Nicholas  and   Webster  Counties,  1927 


Ownership 


Farm  woodland  " -- 

Individiuilly  owned— 

Small  scattered  tracts  ' 

I.arue  tracts  (.MK)  acres  or  over) 

Lumber  and  coal  coriioration.s 

Land-holding  organizations 

Total  fore.st  land 


Nicholas  Cotinty 


Acres 
49,000 

116,  .500 
1.3.  ,H()0 

107.  000 
(iO,  700 


347,  (KM) 


Per  cent 
14.1 

3.3.  <■> 

4.0 

30.8 

17.5 


100. 0 


Webster  County 


Acres 
66,000 

90. 000 

18,  000 

141,900 

1,  0(K) 


316.  !K)() 


Per  cent 
20.8 

28.4 
5.7 

44.8 
0.3 


100.0 


»  From  U.  S.  Census  of  .\)jricnlture,  West  Virginia,  192.';  (9). 
'  Includes  areas  owned  by  large  coriiorations. 

11  "Surface"  ownership  does  not  include  any  mineral  rights.    "Fee"  is  ownership  of  both  surface  and 
mineral  rights. 
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RELATION  OP  OWNERSHIP  TO  METHODS  OF  UTILIZATION 

Methods  of  forest  utilization  are  but  little  influenced  by  the  char- 
acte-r  of  ownership.  If  timber  is  sold  by  a  certain  coal  land  corpora- 
tion, for  example,  the  only  requirement  is  that  the  trees  be  cut  to  a 
diameter  limit,  generally  above  14  inches.  The  purpose  is  to  save 
the  smaller  trees  for  the  use  of  those  who  will  eventually  mine  the 
coal.  If  timber  is  sold  by  farmers  or  other  small  holders  a  minimum 
diameter  limit  may  or  may  not  be  agreed  upon.  Trees  of  certain 
species  may  or  may  not  be  reserved,  depending  upon  the  inclination 
of  the  seller.  Stipulations  are  seldom  made  as  to  how  the  tract  shall 
be  cut.  In  any  event  the  farmer  is  in  a  position  to  give  personal 
attention  to  the  way  in  which  his  woodland  is  cut  over  should  he 
wish  to  do  so. 

In  the  case  of  lumbermen  cutting  their  own  tracts,  there  is  little 
evidence  that  they  take  any  measures  to  perpetuate  the  forest  other 
than  by  cutting  to  a  diameter  limit. 

Small  holdings,  such  as  those  included  within  farm  boundaries,  are 
usually  close  to  roads  and  can  be  reached  by  portable  mills.  Tram 
roads  are  sometimes  necessary,  but  in  any  case  only  a  relatively  small 
investment  is  required. 

The  larger  tracts,  on  the  other  hand,  can  be  made  accessible  only 
through  heavy  investments  in  logging  eciuipment.  The  construction^ 
cost  alone  of  a  narrow  gauge  railroad  amounts  to  about  $3,500  a 
mile.  For  this  reason  operators  consider  that  a  million  feet  of  timber 
must  be  available  for  each  mile  of  railroad  in  order  to  keep  unit  costs 
within  reasonable  limits. 

Large  tracts  lend  themselves  more  readily  than  small  tracts  to 
management  for  sustained  yield.  At  least  one  of  the  prerequisites  of 
forest  management — sufficient  volume  of  timber  to  enable  the  produc- 
tion of  steady  supply  in  reasonably  large  quantities — is  satisfied  by 
large  holdings;  another  advantage  is  that  the  overhead  costs  for  pro- 
tection and  administration,  being  spread  over  a  large  acreage,  are 
smaller  per  acre  than  in  the  case  of  small  tracts. 

PRESENT  ORGANIZATION  OF  FOREST  INDUSTRIES 

Five  kinds  of  wood-using  industries  are  represented  in  the  section: 
Sawmills,  a  pulp  and  paper  mill,  a  dowel  and  handle  factory,  a  wood- 
enware  plant,  and  a  tannery. 

PORTABLE  SAWMILLS 

Lumber  is  the  principal  product  manufactured  by  the  portable 
mills,  but  some  of  them  also  saw  lath  and  have  an  annual  output  of 
750  to  7,000  ties  per  mill.  The  annual  output  of  a  portable  mill 
ranges  from  500,000  to  4,500,000  feet  of  lumber.  These  mills  depend 
almost  entirely  upon  small  tracts  of  farmer-owned  timber.  Because 
of  their  mobility  they  can  reach  small  virgin  tracts,  as  well  as  the  more 
accessible  cut-over  areas.  Logs  are  also  purchased,  and  the  smaller 
mills  do  custom  work.  Timber  is  purchased  by  the  "boundary"  or 
by  the  acre,  rarely  by  the  thousand  board  feet.  vStumpage  is  pur- 
chased at  an  average  of  $5  a  thousand  for  virgin  timber,  consisting 
mostly  of  oak,  yellow  poplar,  and  chestnut,  and  $3  for  merchantable 
second  growth.  Because  he  is  able  to  buy  stumpage  very  cheaply, 
the  mill  operator  can  realize  a  profit  despite  his  often  wasteful  and 
inefficient  logging  and  milling  methods. 


38         TECHNICAL  BULLETIN  303,  U.  S.  DEPT.  OF  AGRICULTURE 

The  combined  oost  of  fellinc;  and  skiddino:  is  reported  to  average 
$G  per  thousand  feet.  Logs  bring  about  $8  to  $9  per  thousand  feet 
log  scale,  delivered  at  the  mill.'- 

Logs  are  transported  by  either  standard  or  narrow  gauge  railways 
on  some  of  the  larger  portable  operations.  Tram  roads  and  inclines 
are  also  used.  If  the  mill  is  situated  on  the  timber  tract  the  logs  are 
slddded  direct  to  it.  Motor  trucks  are  also  used  in  logging  by  mills 
situated  on  Class  A  roads,  and  logs  from  farm  tracts  are  frequently 
hauled  over  relatively  long  distances  by  wagon. 

Hauling  logs  by  rail  costs  from  $4  to  $10  per  thousand  board  feet, 
depending  on  the  width  of  gauge  and  the  length  of  haul.  The  cost  of 
hauling  by  horses  averages  $5  per  thousand  feet  and  by  tram  road  $2 
per  thousand. 

The  average  cost  of  sawing  is  about  $6  per  thousand  board  feet. 
Lumber  grades  usually  run  around  35  per  cent  No.  1  common  and 
better,  and  65  per  cent  No.  2  common  and  below. 

The  lumber  is  hauled  by  truck  from  3  to  16  miles  to  points  on  the 
Baltimore  &  Oliio  or  the  Nev/  York  Central  railroads.  In  most 
cases  it  is  marketed  through  wholesalers  who  pay  $40  to  $45  per 
thousand  board  feet  for  the  best  grade  of  white  oak  and  yellow 
poplar  and  $30  to  $35  for  average  mill  run  at  the  railroad.  The 
average  cost  of  hauling  is  about  $8  per  thousand  feet. 
•  The  ties  go  to  the  Baltimore  &  Ohio,  the  New  York  Central,  and 
the  local  narrow-gage  railroads.  These  railroads  purchased  about 
4,000,000  feet  of  ties  and  300,000  feet  of  lumber  in  1927.  Standard 
ties  bring  an  average  of  $1  per  tie,  or  $26  to  $28  per  thousand  feet. 

BAND-SAW    MILLS 

The  timber  supply  of  the  large  mills  comes  from  several  sources. 
Some  of  it  is  from  their  owm  land.  Timber  rights  are  also  purchased 
from  corporations  or  individuals,  including  farmers. 

Stumpage  values  differ  according  to  accessibility,  logging  costs, 
and  (juality  of  timber.  Average  prices  for  both  virgin  and  second 
growth  run  from  $3  to  $6  per  thousand  board  feet.  The  combined 
cost  of  felling  and  skidding  is  reported  to  average  $8  per  thousand. 
Logs  are  brought  to  the  mill  by  standard  or  narrow-gage  railroad 
at  a  cost  ranging  from  $4  to  $10  per  thousand  feet. 

Logs  are  also  purchased  by  some  of  the  mills  at  from  $9  to  $25 
per  thousand,  delivered  at  the  mill.  From  200,000  to  1,000,000  feet 
a  year  are  purchased. 

The  annual  himbcr  output  of  a  })and  mill  runs  from  4,500,000  to 
30,000,000  feet.  The  total  output  of  all  band  mills  in  the  two 
counties,  including  ties  and  lath,  is  about  107,000,000  feet  annually. 
This  will  be  increased  by  about  35,000,000  feet  upon  the  completion 
of  two  other  mills.  The  section  produces  yearly  about  35,000  cords 
of  spruce  and  hemlock  pulpwood,  10,000  cords  of  hendock  bark,  and 
25,000  cords  of  slab  wood.  Spruce  pulpwood,  delivered,  sells  for 
about  $18  a  cord,  hendock  for  $12. 

Milling  costs  average  about  $7  per  thousand  feet. 

Tlie  grades  of  lumber  obtained  from  olrl-growth  tind)er  I'ange 
from  27  to  40  p(>r  cent  No.  1  coininon  and  better.  Not  enough 
merchantable  second  growth  has  been  cut  to  determine  the  average 

"  In  this  discussion,  oosts  (fi  vcn  for  various  o[)orations,  and  prices  paid  for  stumpage  or  received  for  timber 
are  for  the  year  15)27-28,  when  the  field  work  for  Mils  study  was  carried  on. 
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percentage  of  grades.  One  band  mill,  wliich  is  utilizing  the  timber 
from  tracts  containing  much  young  growth,  reports  40  per  cent 
No.  1  common  and  better. 

The  average  price  f.  o.  b.  mill  is  about  $35  per  thousand  feet  with 
higher  prices  for  poplar  and  oak. 

All  the  lumber  manufactured  is  shipped  out  of  the  State  to  north- 
eastern, central,  and  midwestern  markets.  The  output  is  disposed 
of  either  through  wholesalers  or  through  the  manufacturers'  own 
selling  organizations. 

Two  of  the  large  mills  sell  hardwood  and  softwood  slabs,  tanbark, 
pulpwood,  and  hardwood  logs,  the  output  going  to  the  local  wood- 
using  plants. 

OTHER    MILLS 

The  pulp  and  paper  mill  is  a  sulphite  mill  with  a  daily  output  of 
100  tons  of  wood  pulp.  It  uses  annually  35,000  cords  of  spruce  and 
hemlock  logs  and  17,000  cords  of  soft-wood  slabs,  obtained  entirely 
from  the  old-growth  stands. 

The  clothespin  and  wooden-dish  factory  uses  native  beech  and 
maple  logs  which  cost,  delivered  at  the  yard,  $22  per  thousand  feet 
for  beech,  and  $28  and  $35  for  the  two  grades  of  maple  used. 

The  dowel  and  handle  factory  uses  native  beech  only,  paying  $21 
and  $25  per  thousand  feet,  dehvered,  for  the  two  grades  of  logs  that 
are  purchased. 

The  tannery  buys  10,000  cords  a  year  of  native  hemlock  bark. 
Chestnut-extract  liquor  is  also  sliipped  in  from  Tennessee. 

FOREST  INDUSTRIES  AND  LOCAL  LABOR 

The  forest  industries  are  the  main  source  of  employment  for  local 
labor.  Most  of  the  work  in  the  woods  and  all  the  sawmill  work  are 
performed  by  native  labor.  The  tannery  and  the  pulp  and  paper 
mill  employ  some  foreign  labor. 

The  average  wage  paid  woods  labor  is  about  $3.50  a  day  and 
board.     Teams  bring  an  average  of  $2.50  and  feed. 

The  money  wages  of  mill  workers  are  slightly  higher,  but  the  real 
wages  received  may  be  less  because  the  woods  workers  usually 
receive  their  board.  Wages  in  the  secondary  industries  differ  accord- 
ing to  the  degree  of  skill  required.  Skilled  labor  commands  from 
$5  to  $8.50  a  day.  The  lowest  daily  wage  paid  to  unskilled  male 
labor  is  $3.50.  The  clothespin  factory  and  the  paper  mill  employ 
wornen  at  piece  work  for  about  $2.50  a  day.  These  two  plants 
furnish  the  only  important  outlets  for  women's  labor  within  the 
territory. 

During  the  "off"  season  farmers  work  in  the  woods  and  to  a 
smaller  extent  around  the  portable  mills,  sometimes  using  their  farm 
teams  which  otherwise  would  remain  idle  during  the  winter.  Money 
earned  in  this  way  often  forms  the  greater  part  of  their  total  cash 
income. 

CHANGES  IN  EXTENT  AND  CHARACTER  OF  FOREST  RESOURCES 

An  increase  in  abandonment  of  marginal  farm  lands  is  bound  to 
occur  as  the  result  of  removing  the  old-growth  timber.  Most  of  this 
land  will  revert  to  forest.  The  area  in  forests  at  the  end  of  the  next 
20  years  may  be  about  692,000  acres,  or  28,000  acres  more  than  at 
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present.     Some  new  lands  or  old  fields  ma}'  be  cleared,  but  it  is  un- 
likely that  such  acreages  will  permanently^  be  used  for  agriculture. 

On  the  forested  areas  the  character  of  the  growth  is  undergoing  a 
rapid  transition.  The  area  of  merchantable  timber,  now  some 
283,000  acres,  probably  will  shrink  to  183,000  acres,  or  only  26  per  cent 
of  the  total  forest  area,  within  the  next  20  years.  The  remainder  will 
consist  almost  entirely  of  nomnerchantable  growth. 

Without  adequate  fii-e  protection  much  of  the  remainder  will  be 
more  or  less  badly  burned,  and  consequently  of  greatly  decreased 
capacity  for  further  growth  and  value.  Even  if  adequately  protected, 
its  maximum  value  can  not  possibly  be  reahzed  unless  it  is  also  placed 
under  management. 

TREND  IN  OWNERSHIP 

Land  ownership  within  the  section,  because  of  the  potential  value 
of  the  mineral  resources,  is  marked  by  high  stability  and  Httle  tax 
delinquency.  The  present  policy  of  most  of  the  large  landowners  is 
to  retain  possession  of  cut-over  areas  with  a  view  to  obtaining  mine 
timber  whenever  the  exploitation  of  coal  becomes  commercially  feas- 
ible. One  of  the  largest  operators,  who  owns  thousands  of  acres  of 
cut-over  land,  is  holding  it  for  future  growth,  perhaps  intending  to 
harvest  hardwood  pulp  after  the  present  supply  of  native  softwoods 
is  exliausted. 

Although  the  tendency  is  toward  greater  concentration  of  owner- 
ship, the  policies  of  the  various  classes  of  large  land  holders  are  by 
no  means  definitely  established.  There  is  no  certainty  that  all  of  the 
land  is  underlaid  with  coal,  nor  can  anyone  predict  when  even  the 
best  of  the  coal  will  be  exploited  on  a  large  scale,  considering  the 
present  state  of  the  industry. 

So  far  as  the  surface  of  the  cut-over  land  is  concerned,  no  definite 
attitude  toward  its  future  use  or  disposal  has  been  taken.  Rather, 
the  policy  is  one  of  continuing  possession  and  watch  fid  waiting. 
Some  owners  hope  that  the  Federal  Government  may  take  the  prob- 
lem of  the  least  productive  lands  ott'  their  hands  by  acquiring  it  for 
national  forests. 

In  the  meantime  the  numerous  small  stands  of  good  timber  are  being 
rapidly  exploited.  Only  the  isolated,  relatively  inaccessible  tracts 
will  be  left  when  the  period  of  large-scale  lumber  production  comes  to 
an  end. 

POSSIBILITIES  OF  FOREST  LANDS  UNDER  MANAGEMENT 

From  the  standpoint  of  private  owners,  the  desirability  of  holding 
forest  land  for  future  timber  production  depends  primarily  upon  the 
prospect  that  the  income  from  the  forest  in  the  long  run  will  repay 
the  costs,  together  with  a  reasonable  profit.  The  net  returns  ])ossible 
frorn  growing  timber  are  largely  dependent  upon  the  nature  and 
efficiency  of  the  methods  employ(Ml  in  handling  the  existing  stands. 
Mere  protection  of  forests  from  fire  will  not  insure  the  growl li  or  im- 
prove the  position  of  the  most  valuable  species.  It  is  necessary  that 
the  existing  forests  bo  utilized  in  such  manner  as  to  leave  the  remain- 
ing stand  in  the  best  possible  condition  for  future  productivity.  In 
any  event,  sufficient  trees  of  the  belter  species  should  i)e  left  over  a 
long  enough  period  to  produce  saw  tind)er  and  furnish  seed  for  future 
growth.  The  amount  of  net  return  will  depend  in  the  first  place 
ui)on  the  rate  of  tree  growth  under  various  conditions. 
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RATES  OF  GROWTH  OF  INDIVIDUAL  SPECIES 

The  rates  of  growth  of  individual  species  can  be  treated  here  only 
in  a  summary  way.  Relationships  between  tree  growth  and  topogra- 
phy and  soil  are  very  complex.  There  is  little  doubt  that  certain  soils, 
such  as  Dekalb  silt  loam  and  Upshur  stony  silty  clay  loam,  are  more 
favorable  to  rapid  growth  than  are  Dekalb  stony  loam,  Dekalb  stony 
silt  loam,  or  rough  stony  land.  The  better  soils  occupy  in  general  the 
more  gentle  slopes  and  the  broader  ridges;  the  poorer  soils  occupy  the 
narrower  ridges  and  the  rugged  slopes. 

Tables  24  and  25  give  generalized  growth  rates  for  dominant  and 
codominant  trees  of  various  species  in  uneven-aged  stands  and  in 
even-aged  old-field  stands,  respectively. 

Table  24. — Rate  of  diameter  growth  of  domiiiant  and  codominant  trees  in  uneven- 
aged  stands  ^ 


Amount  by  which  diameter  will 
increase  in  20  years 

Present  diameter 

Chestnut 
oak,  white 
oak,  hick- 
ory, black 
gum 

Beech, 
maple, 
birch,  hem- 
lock, white 
ash,  black 
oaks 

Yellow 

poplar, 

basswood, 

cucumber, 

walnut, 

butternut, 

black 

cherry, 

black  locust 

0  to  3  inches.. . 

Inches 

1.  .5-3.  0 

2.  5-3.  5 
2.  5-3.  5 
2.  5-3.  5 

3.0 

Inches 
3,  0-4.  0 
3.  0-4.  0 
3.  5-5. 0 
3.  0-5.  0 
3.  0-4.  5 

Inches 
4.  5-6.  5 

4  to  7  inches  . 

4  5-7.0 

8  to  11  inches .    .            ...                  

4.  5-6.  5 

12  to  15  inches. 

3  5-5  0 

16  inches  and  over ..    ..  .      ..  _  ... 

3.  0-4. 5 

•  Based  on  measurement  of  1,178  trees  in  Nicholas  and  Webster  Counties. 

Table  25. — Rate  of  diameter  growth  of  dominant  and  codominaid  trees  in  even-aged 

stands  ^ 


Amount  by  which  diameter  will 
increase  in  20  years 

Present  diameter 

Hickory, 
white  oak 

Hed  oak, 
black  wal- 
nut, butter- 
nut 

Yellow 
poplar 

0  to  3  inches 

Inches 
3.  0-4.  0 
3.  5-5. 0 
3.  .5-.5.  0 

Inches 

4.  0-5.  0 
5. 0-6.  5 

5.  0-7.  0 
6. 0-7. 0 

Inches 
4.0-6  5 

4  to  7  inches ...  .  

7.  5-9. 0 

8  to  11  inches 

(2) 
(2) 

12  to  15  inches      ...        ..           ..    __        _ . 

1  Based  on  measurement  of  194  trees  in  Nicholas  and  Webster  Counties. 

2  No  data. 

Intermediate  and  suppressed  trees  in  crowded  stands  grow  much 
more  slowly  than  the  dominant  individuals,  yet  many  of  these,  if  in 
healthy  condition,  can  be  counted  on  to  increase  their  rate  of  growth 
when  they  are  released  from  suppression  by  the  cutting  of  their 
larger  neighbors.  In  many  stands  the  growth  rate  of  various  species 
freed  from  suppression  has  increased  by  as  much  as  200  to  300  per 
cent.     Species  ordinarily  considered  slow  growing,  such  as  wdiite  oak, 
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chestnut  oak,  hickory,  and  hemlock,  show  a  striking  capacity  for 
recovery  after  their  release  and  have  increased  their  growth  rate 
sometimes  by  as  much  as  several  hundred  per  cent. 

GROWTH  OF  MIXED,  UNEVEN-AGED  STANDS 

The  rate  of  growth  of  uneven-aged  stands  was  computed  by 
applying  the  rates  of  diameter,  height,  and  volume  increment  for 
various-sized  trees  of  individual  species  to  tables  representing  the 
average  composition  of  the  stand.  For  each  type  of  forest,  these 
stand  tables  were  prepared  by  tallying  the  trees  on  several  sample 
tracts  so  as  to  show  the  number  in  each  species  and  diameter  class 
on  an  average  acre.  For  purposes  of  predicting  increment  following 
cutting,  it  was  assumed  that  the  growth  of  intermediate,  suppressed, 
and  badly  defective  trees  can  be  ignored.  No  growth  was  calculated 
for  chestnut,  even  for  dominant  trees,  because  of  the  probabiUty  that 
most  of  the  chestnut  will  succumb  to  the  blight  udthin  a  very  few 
years.  For  this  reason,  the  growth  during  the  last  20  years  as  shown 
in  Table  26  is  less  than  the  actual  growth.  It  probably  also  gives  a 
very  conservative  indication  of  the  growth  that  may  be  expected  on 
the  same  stands  during  the  next  20  years.  The  volume  growth  is 
expressed  in  both  board  feet  and  cubic  feet.  Board-foot  volume 
applies  only  to  trees  10  inches  or  over  in  diameter  breast  high;  cubic 
volume  apphes  to  all  trees  4  inches  and  over.'^ 

Table  26. — Volume  growth  following  cutting  in  uneven-aged  mixed  stands 


Method  of  cutting  and  type 
of  forest 

Present  dominants  and  codominants 

All  other 
classes  <> 

Volume  per 

acre  20  years 

ago" 

Present  vol- 
ume per  acre 

Total  growth 
in  20  years 

Average  an- 
nual growth 

Present  vol- 
ume per  acre 

Lightly  culled: 

Oak-chestnut-hickory 

Oak-chestnut-poplar  

Miscellaneous  species.  _ 

Cut  to  diameter  limit: 

Oak-chestnut-hickory 

Oak-chestnut-poplar 

Miscellaneous  species 

Heavily  cut  over: 

Oak-chestnut-hickory 

Oak-chestnut-po|)lar 

Miscellaneous  species 

Bd.ft. 

1,886 
4, 563 

4,787 

424 

789 

1,283 

31 

0 

535 

Cu.ft. 

646 

1.044 

1,181 

261 

281 
453 

129 

17 
190 

Bd.ft. 
4,630 
7,  930 

7,  679 

1.894 
2,013 
3,  221 

561 

270 

1,  704 

Cu.ft. 
1,324 
1,  738 
1,829 

803 

682 

1,017 

454 
268 
523 

Bd.ft. 
2,744 
3,  367 
2,892 

1,470 
1,224 
1,941 

533 

270 

1,169 

Cu.ft. 

678 
694 
648 

542 
401 
564 

325 
251 
333 

Bd.ft. 
137 
168 

145 

71 
61 
97 

27 
14 
58 

Cu.ft. 
34 
35 
32 

27 

20 

28 

16 
12 
17 

Bd.  ft. 

5.  605 

6.  179 
4,427 

3,249 
3,110 
2,731 

1,870 
2,100 
2,473 

Cu.ft. 

1,817 
1,  719 
1,408 

1,251 
1.633 
1,013 

949 
639 
837 

"  Volumes  in  "all  other"  colurim  arc  relatively  large,  because  they  include  chestnut  and  other  defectives 
which  are  really  of  dominant  and  codominant  crown  cla-ss. 

Table  26  indicates  only  roughly  what  may  be  expected  in  iiu- 
managed  and  iinprotocted  stands  following  cutting  by  the  usual 
methods.  The  application  of  these  dala  to  any  given  tract  of  forest 
must  take  into  account  the  conditions  peculiar  to  that  tract.  For 
cxam})le,  fire  influences  the  rate  of  growth  in  ])ractically  all  stands. 
Two  timber  tracts  alike  in  every  other  respect  may  grow  at  widely 
(liderent  rates  on  this  account.  Irregular  cutting  methods,  too, 
influence  subse(|uent  growth.     Much  more  damage  has  been  done  to 

"  All  computations  throughout  this  report  that  involve  board-foot  volume  are  based  on  the  Scribner 
Oeciinal  f  rule,  since  the  only  available  volume  tables  are  in  terms  of  this  rule.  Th("  rule  in  general  use 
In  the  scctidii.  however,  is  the  Doyle-ScribiiiT  rule.  This  liii.'<  also  Ix'i'ii  ollicially  adopted  by  the  National 
llnrdwiiod  MatiiifMiliirers'  Association.  It  gi\es  values  roughly  30  to  .50  per  cent  lower  (han  does  tlio 
S<ritiii(T  DeciiMiil  ('  rule.  de|iendi?ig  on  whether  the  stand  contains  a  fair  proportion  of  large-sized  trees 
or  whether  the  larger  true.s  have  been  removed. 
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small  trees  on  some  operations  than  on  others,  depending  upon  the 
loo-gino;  conditions  and  the  current  attitude  of  timberland  owners 
and  operators  toward  forestry. 

GROWTH  OF  EVEN-AGED  OLD-FIELD  STANDS 

The  rate  of  growth  in  several  representative  old-field  stands  is 
shown  in  Table  27.  There  is  considerable  variation  in  the  volume 
that  is  produced  m  difi'erent  stands,  because  of  difl'erences  in  produc- 
tive capacity  of  the  site,  in  the  proportion  of  species  associated  in 
mixed  stands,  and  in  the  density  of  stocking.  It  is  not  possible  to 
say  how  much  increase  would  result  from  thinnings  or  improvement 
cuttings,  but  there  is  no  doubt  that  the  increase  would  be  significant. 
Investigations  in  thinned  and  unthinned  oak  stands  in  the  central 
hardwood  section  in  New  York  have  established  the  fact  that  through 
systematic  thinnings  in  even-aged  stands  the  period  required  for 
oaks  to  attain  diameters  of  12  inches  or  over  may  be  reduced  by 
30  to  50  years  (7). 

Table  27. — Voliane  and  rate  of  growth  of  selected  even-aged  old-field  stands 

OAK  TYPE 


Number 
of  trees 
per  acre 

Present  volume 

Mean 

annual 

growth 

for  all 

trees 

Average 
annual 

Age  of  stand 
(years) 

All  trees 

Dominant  and 
codominants 

growth 
of  dom- 
inant and 
codom- 
inants 
during 
last  20 
years 

25                               

418 
220 
229 

Cu.  ft. 
843 
1,440 
2,057 

Bd.ft. 
510 
3,062 

5,885 

Cu.ft- 
598 
948 
713 

Bd.ft. 
300 
2,112 
2, 768 

Cu.  ft. 
34 
41 
46 

Cu.ft. 
29 

35-       

47 

45 

36 

YELLOW-POPLAR  TYPE 


25 

438 
234 
267 

902 

746 

2,234 

282 

452 

5,928 

741 

654 

1,941 

282 

452 

5,346 

36 
21 
83 

36 

26--                     -     -          

32 

27 . 

91 

MISCELLANEOUS-SPECIES  TYPE 


30- 


236 

1,534 

2,463 

51 

39 


YIELDS  OF  SAW  TIMBER 

The  number  of  years  required  to  produce  saw^  timber  in  each  of 
the  various  types  of  forest  will  depend  on  the  past  treatment  and 
the  manner  in  which  these  forests  are  handled  in  the  future. 

Roughly  speaking,  a  cut-over  tract  should  contain  from  2,500  to 
4,000  board  feet  per  acre  in  trees  at  least  14  mches  in  diameter 
breast  high  before  it  can  again  be  profitably  logged  for  saw  timber. 
For  the  farmer  who  does  his  own  cutting  and  hauls  his  logs  to  a  mill 
it  will  suffice  if  only  a  few  trees  per  acre  reach  a  diameter  of  14  inches. 
But  it  would  hardly  pay  to  set  up  a  portable  mill  on  tracts  with  less 
than  2,500  feet  of  saw  timber;  and  on  tracts  of  large  size,  selective 
railroad  logging  would  not  be  feasible  until  at  least  4.000  feet  an 
acre  could  be  obtained. 
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To  predict  accurately  the  yields  to  be  expected  from  the  cut-over, 
mixed,  and  uneveii-aged  stands  of  the  section  is  practically  out  of  the 
question.  Nevertheless,  no  extensive  calculations  are  needed  in 
order  to  say  that  the  more  heavily  cut  stands,  from  which  all  or  most 
of  the  merchantable  timber  has  been  logged,  and  on  which  much  of 
the  thrifty  young  growth  has  been  injured  or  destroyed,  will  require 
a  discouragingly  long  tune  to  again  furnish  a  profitable  crop. 

By  applying  the  growth  data  obtained  from  sound,  growing  trees 
on  various  sites  to  specific  stands  recentl}"  cut  over,  the  possible 
yields  of  existing  stands  within  the  next  20  to  40  years  may  be  roughly 
estimated. 

Table  28  gives  an  example  of  what  might  be  expected  from  stands 
cut  so  heavily  as  to  remove  all  merchantable  trees  over  12  inches  in 
diameter,  and  Table  29  shows  the  possible  yields  from  two  stands 
in  which  some  of  the  larger  trees  were  left. 

Table  28. — Approxirnale  yields  oj  saw-timher  attainable  in  two  selected,  heavily  cut 

stands 

STAND  A 


Healthy    growing 
trees    left    after 
last  cut 

Diameters  and  volumes  after — 

Species 

20 

years 

30 

years 

Trees  per 
acre 

Diameter 

breast 

high 

Diameter 

breast 

high 

Merchant- 
able 
volume  ' 

Diameter 

breast 

high 

Merchant- 
able 
volume  1 

Hickory 

Number 
1 

1 

Inches 

6 
10 

6 
10 

4 
12 

4 
10 
12 

4 
10 
10 

4 

8 
10 

4 

Inches 
9 
13 
10 

14 

s 

18 

8 
14 
14 

9 
12 
13 

8 
14 
16 

8 

Board  feet 

Inches 
11 
15 
12 
16 
10 
20 
10 
16 
15 
11 
13 
15 
10 
16 
18 
10 

Board  feet 

Hickorv 

150 

Cucumber  magnolia 

Cucumber  magnolia 

100 

150 

Red  oak 

Red  oak- 

300 

425 

Birch 

Birch 

100 
100 

150 

Black  gum    . 

125 

Black  locust 

Black  locust — 

Chestnut  oak 

125 

Red  maple ..  .._    

Basswood     . ■ 

150 
200 

200 

Basswood 

275 

White  ash 

Total 

16 

950 

1  COO 

STAND  B 


Red  oak 

2 
2 
6 

8 
4 
2 

6 
10 

4 

6 
12 

4 

10 
16 

8 
10 
16 

8 

13 
18 
10 
12 
18 
10 

Basswood 

400 

550 

Beech 

Beech _. 

Beech 

Sugar  maple.. 

600 

900 

Total... __ 

24 

1.000 

1,450 

'  Trees  less  than  14  inches  diameter  breast  high  not  included. 

Table  30  indicates  that  it  will  take  a})out  30  years  for  lightly  cut 
stands  jigain  to  pnxbico  saw  logs  in  (piantity  and  that  iipproxiinatcly 
3,000  to  5,000  boaj-d  feet  per  acre  will  be  available  for  selective  cutting 
at  the  end  of  that  period.  Heavy  cutting  will  yield  a  slightly  higher 
inn  I  HHJi  ate  return  but  it  may  necessitate  twice  as  long  a  wait  before 
sudicient  timber  for  the  next  cut  will  be  jiroduced. 

The  advantage  of  even  etude  diainetcr-liniit  cutting  is  evident  in 
the  shorter  time  that  must  elapse  before  the  next  crop  can  be  harvested. 
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Also  it  causes  the  stand  to  be  left  in  much  better  condition.  Stands 
that  have  been  cut  during  the  last  25  years  to  some  diameter  limit, 
usually  12  to  14  inches,  and  that  have  not  been  damaged  too  severely 
by  fire,  now  average  from  5,000  to  6,000  feet  per  acre  in  trees  10 
inches  and  up  and  are  growing  at  the  rate  of  60  to  100  board  feet 
per  acre  per  annum. 

Table  29. — Approximate  yields  oj  saw-timher  attainable  in  two  selected  lightly  cut 

stands 

STAND  C 


Healt 

hy  growing  trees  left 

Diameter  and 

v'olunies  after— 

Species 

after  last  cut 

20  years 

30 

years 

Trees 
per 
acre 

Diameter 

breast 

high 

Merchant- 
able 
volume ' 

Diameter 

breast 

high 

Merchant- 
able 
volume  1 

Diameter 
breast 
high 

Merchant- 
able 
volume  • 

Sugar  maple  _ 

Number 
4 
4 
4 
4 
4 
8 
4 
8 
8 
4 
4 

Inches 

4 
5 
7 
9 
4 
8 
14 
4 
5 
7 
9 

Board  feet 

Inches 
8 
11 
13 
12 
8 
12 
18 
10 
12 
13 
15 

Board  feet 

Inches 
10 
13 
15 
14 
10 
14 
19 
13 
15 
16 
18 

Board  feet 

Yellow  poplar 

Do-- 

700 

Hemlock  . _. 

250 

Beech _         __.  _ 

440' 

Do... 

800 

Yellow  birch 

Black  cherry . 

900 

1,050 

Do 

1,350 

Do 

850 

Do  .. 

700 

1,250 

Total 

5f> 

440 

1,600 

0,250 

STAND  D 

Cucumber. . 

2 
2 
2 
6 
2 
4 
2 
2 
2 
2 
2 
2 

10 
4 

12 

16 
6 
8 

10 
8 

10 
4 
6 

14 
4 

14 

8 

16 

20 

10 

12 

14 

11 

13 

8 

10 

19 

8 

170 

16 
10 
18 
22 
12 
14 
16 
13 
15 
10 
12 
21 
10 

275 

Sugar  maple .  ...  ._. 

Do 

390 

680 

500 

Do 

390 

850 

Beech 

Do 

200 

Do 

400 

625 

Hickory 

Do 

300 

Yellow  birch 

Do 

Basswood .  ... 

280 

635 

825 

Red  oak.  . 

Total 

32 

670 

2,275 

3,575 

1  Trees  less  than  14  inches  diameter  breast  high  not  included. 

The  annual  net  incomes  possible  from  a  given  tract  cut  to  various 
diameter  limits  are  illustrated  by  the  following  hypothetical  example: 

Given  a  tract  of  6,000  acres,  3,000  feet  per  acre  being  available  for 
cutting  to  a  14-inch  limit  or  4,000  if  cut  to  a  10-inch  limit,  exclusive 
of  additional  volumes  resulting  from  growth  during  the  cutting  period: 

With  light  cutting,  a  30-year  cutting  cycle  may  be  used,  a  different 
200-acre  tract  being  cut  each  year  for  30  years.  At  the  end  of  this 
period  the  30  years  of  growth  on  the  200  acres  first  cut  over  will  have 
produced  a  stand  of  approximately  5,000  board  feet  per  acre,  and  the 
program  of  annual  200-acre  cuttings  may  be  repeated. 

With  heavy  cutting,  a  60-year  cutting  cycle  will  be  required  for  a 
continuous  operation,  100  acres  being  cut  annually.  At  the  end  of 
the  60  years  7,000  feet  per  acre  would  be  available  for  clear  cutting 
on  the  first  100  acres,  or  5,000  per  acre  for  selective  cutting. 


46    TECHNICAL  BULLETIN  303,  U.  S.  DEPT.  OF  AGRICULTURE 

Assuming  that  annual  taxes  would  amount  to  15  cents  an  acre  and 
that  fire  protection  would  cost  2  cents  an  acre  in  each  case,  the  annual 
net  income  derived  from  each  method  would  be  as  shown  in  Table  30.^^ 


Table  30. — Hypothetical  yields  oj  a  6 ,000-acre  tract  under  light  cutting  during  a  30- 
year  cycle  and  under  heavy  cutting  during  a  60-year  cycle 


Item 


Light 

(selective) 

cutting 


Heavy 
(clear) 
cutting 


Volume  per  acre  at  beginning  '. board  feet- 
Average  total  increment  per  acre  during  1  cutting  cycle  2 do... 

Average  volume  cut  per  acre do... 

Area  cut  each  year acres. 

Average  volume  cut  annually board  feet- 

Stumpage  value  per  1,000  feet  ^ dollars. 

Total  stumpage  value  of  annual  cut do... 

Less  annual  taxes  and  fire  protection  on  6,000  acres do... 

Net  annual  income do... 

Net  income  per  acre do... 

Net  annual  income  per  acre,  second  cycle do... 


3,000 

375 

3,  375 

200 

675,000 

6.  50 

4, 387.  50 

1, 020.  00 


4,000 

2,250 

0, 250 

100 

625,  000 

6.00 

3,  750.  00 

1,  020.  00 


3,  367. 


2.  730.  00 
.46 

(') 


1  Volume  of  trees  14  inches  and  over  and  10  inches  and  over,  respectively. 

2  Average  increment  for  0  to  30  years  on  trees  14  inches  and  over  at  time  of  cutting,  for  light  cutting; 
and  increment  for  0  to  60  years  on  trees  10  inches  and  over  at  lime  of  cutting,  for  heavy  cutting. 

3  The  difference  between  the  stumpage  values  of  trees  14  inches  and  up  and  trees  10  inches  and  up  is  due 
to  the  greater  costs  of  logging  and  milling  the  smaller-sized  trees,  and  to  the  lower  grades  of  lumber  sawed 
from  the  smaller  logs. 

*  Income  not  calculated  for  second  60- year  cycle. 

After  30  years  the  annual  net  income  from  the  tract  cut  to  a  14-inch 
diameter  limit  would  increase  by  reason  of  the  increase  in  growth 
brought  about  by  judicious  cutting. 

The  available  volume  per  acre  might  then  average  5,000  feet,  per- 
mitting an  annual  cut  of  1,000,000  feet  from  200  acres.  With  stump- 
age values  and  costs  remaining  the  same,  the  net  income  per  acre 
during  the  second  30-year  period  would  be  $0.91,  the  capitalized 
value  of  which  at  the  beginning  of  the  period  (30  years  hence)  would 
be  $12.57. 

The  })resent  capitahzed  value  of  the  annual  net  income  per  acre 
($0.56)  received  during  the  first  30  years  plus  that  received  during  the 
second  30-year  period  ($0.91)  amounts  to  $11.23.  This  is  $3.88  more 
than  the  corresponding  figure  for  the  same  period  for  the  stand  cut 
to  a  10-inch  limit. 

Comparison  of  the  returns  per  acre  from  selective  and  heavy 
logging  indicates  that  if  tlie  land  is  to  be  held  for  timber  growing  the 
lighter  cutting  will  yield  the  higher  income.  Should  the  owner 
decide  to  sell  the  (),000-acre  tract  immediately  rather  than  to  hold 
it,  he  would  receive,  on  the  basis  of  current  market  values,  about 
$9  an  iicro.  This  is  $2.23  l)olow  the  ])rosenl  cai)italized  value  of  the 
annual  net  income  computed  for  selective  cutting  over  a  00-year 
period. 

YIELD  OF  PULP  WOOD 

Instead  of  saw  timber,  or  in  addition  to  it,  forests  in  this  section 
may  be  managed  for  the  pi'odnclion  of  wood  in  other  forms.  Even 
though  there  is  now  iittle  or  no  market  foi'  other  ])]odiicls,  it  is  prob- 
able that  a  demand  for  them  can  be  develoi)ed.  The  increasing 
demand    for   liardwood    ])uli)wood,    for   instance,    undoubtedly   vvill 

I*  Intorost  on  initial  investment  is  not  inciudod  bccHU.sc  only  forest  properties  already  in  operation  are 
con.sirlercd.  'rhc  purpose  is  merely  to  compare  future  incomes  possible  from  such  properties  through  the 
ditTerenl  cuttinK  methods  described. 
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result  in  an  extension  of  that  market  into  this  territory.  One  ad- 
vantageous feature  of  growing  piilpwood  is  the  short  interval  required 
between  crops.     (See  Table  31.) 

Table  30  shows  the  entire  usable  volume  in  the  average  stand. 
However,  the  net  income  would  be  greater  if  the  larger  trees  were 
cut  for  lumber  than  if  they  were  cut  for  pulpwood.  Hence  in  actual 
practice  only  ])art  of  the  total  yields  indicated  would  be  available  for 
pulpwood.  Furthermore,  stands  predominantly  oak,  or  containing 
much  oak  and  similar  dense  hardwoods,  would  fiu'nish  little  pulp- 
wood imder  the  present  standard  pulping  processes.  (The  semi- 
chemical  pulping  process,  which  is  readily  adapted  to  the  conversion 
of  hardwoods,  may  make  the  utilization  of  such  species  for  pulp  com- 
mercially feasible  in  the  future.)  Therefore,  in  case  it  was  decided  to 
grow  pulpwood  instead  of  saw  timber  on  the  6,000-acre  tract  used  in 
the  illustration  above,  only  a  small  yield  could  be  expected  diu'ing  the 
first  cutting  period.  Immediately  following  the  cut  for  saw  timber 
2K  to  5  cords  of  pulpwood  per  acre  would  be  available,  according  to 
whether  the  cutting  had  been  heavy  or  selective.  During  this  period 
the  greater  part  of  the  income  would  still  come  from  saw  logs. 

Assuming  that  the  saw  timber  were  to  be  cut  selectively  and  that 
pulpwood  logging  would  proceed  simultaneously,  the  tract  after  30 
years  would  have  been  completely  logged  over  for  both  products. 
Not  all  the  trees  6  to  14  inches  in  diameter  at  the  time  of  cutting  would 
have  been  cut  for  pulp  during  this  time,  however.  Species  unsuited 
to  this  product,  like  oak,  hickory,  and  ash,  would  be  left. 

Table  31. — Average  time  required  to  grow  hardwoods  oj  -pulpwood  size  and  -probable 

yields  under  present  conditions 


Class  of  forest 


Time  re- 
(luired  to 
gi'ow  trees 
to  6  inches 
diameter 
breast  high 


Approx- 
imate 
yield  per 
acre 


Old  fields: 

Yellow-poplar  type 

Miscellaneous-species  type 

Heavily  cut  over 

Cut  to  diameter  limit 


Cords 


18 

15 

6 

15 


During  the  second  cutting  period  the  yield  of  pidpwood  might  be  as 
much  as  8  to  10  cords  per  acre,  and  there  might  be,  in  addition,  1,500 
to  3,000  feet  of  high-grade  saw  logs,  depending  upon  the  proportioa  of 
the  denser  hardwoods. 

Even  though  the  existing  hardwood  forests  can  not  be  managed 
solely  or  even  chiefly  for  the  production  of  pulpwood,  it  seems  likely 
that  this  may  constitute  an  important  by-product  from  many  stands. 

COMBINATION  OF  VARIOUS  PRODUCTS 

The  best  utilization  of  the  mixed,  uneven-aged  hardwood  forest 
would  result  if  it  were  managed  so  as  to  yield  a  variety  of  products. 
In  this  forest,  valuable  species  of  all  sizes  are  intermingled  with  those 
of  little  value.  Such  a  condition  favors  the  harvesting  of  several 
kinds  of  crop. 

There  is  likely  to  be  a  demand  in  the  future  for  saw  logs,  veneer  logs, 
crossties,  telephone  poles,  pulpwood,  mine  timbers,  fence  posts,  and 
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perhaps  extract  wood.  A  tract  capable  of  yielding  several  different 
products  will  be  likely  to  produce  a  steadier  and  larger  income  than  a 
tract  3nelding  a  single  product.  The  values  and  sizes  of  various  prod- 
ucts obtainable  from  the  average  mixed  hardwood  forest  in  this  sec- 
tion are  shown  in  Table  32. 

From  25  to  30  crossties  constitute  a  thousand  board  feet.  The 
practice  of  the  mills  cutting  them  is  to  use  the  heartwood  of  the  timber 
for  ties  and  the  sap  wood  for  lumber. 

Fence  posts  from  large  white  oak  trees  are  better  than  those  from 
small  trees,  which  have  too  much  sapwood  to  make  durable  posts. 
Posts  average  50  to  the  cord.  The  few  fence  posts  and  rails  made  at 
present  are  used  locally;  rail  fences  are  giving  w^ay  to  wire  fencing. 
Chestnut  and  black  locust  furnish  practically  the  entire  domestic 
need  at  present. 

Table  32. — Specifications  and  values  for  products  from  mixed  uneven-aged  forests 


Size  of  product 

Approximate  value  '— 

Species 

Product 

Mini- 
mum 
diam- 
eter at 
small 
end 

Mini- 
mum- 
length 

Per 
thou- 
sand 
board 

feet 

Per 

piece 

Per 
cord 

Desirable 

minimum 

diameter 

breast 

high  for 

cutting 

Saw  logs 

Inches 
10 

18 

7  by  'J 

4 

4 
s 
4 

Feet 
10 

4 

r 

10 

20 

i 

1 

1 

Dollars 
8-9 

■  50-65 
45-60 
50-400 
30-35 
20-25 
28-33 

Dollars 

Dollars 

All  commercial 

Inches 
14 

White  oak 

Red  oak 

Veneer  logs 

Walnut 

20 

Yellow  poplar 

Red  gum 

Crossties 

0.75 

(0.  1,5-.  25 

1  .  1,5-.  25 

■    .  1.5-.  25 

.  4(K  .50 

.  10-.  15 

.  40-.  60 
1.00-10.00 

Oak,  chestnut,  black  gum, 

others.  2 
White  oak 

14 

14 

Fence  posts 

Chestnut  oak 

10 

Chestnut 

6 

Black  locust       

6 

Mine  props 

Oak,     chestnut,     maple, 

others. 3 
Same  as  above 

(3 

Mine  collars 

6 

Telephone  poles.  _ 

Chestnut 

10 

Pulpwood 

8.  00-9.  00 
LOO 
2.  50 

All  hardwoods  except  oak, 

hickory,  and  ash. 
Beech,  black  piim,  birch, 

maple,  oak,  chestnut.* 
Chestnut  ♦ 

6 

Fuel  wood 

Extract  wood. 

" 

>  Values  arc  for  products  delivered  on  cars  or  at  mill. 

2  Average  tie. 

3  Other  hard-tc.xtured  woods  sudi  as  beech,  birch,  black  gum,  black  cherry,  hemlock. 
•  Tops,  branches,  dead  and  defective  trees. 

Mine  timbers  must  be  of  liard-textured  woods.  Props  average  45  to 
the  cord;  collars,  35  to  the  cord.  The  possibility  of  return  from  tiic 
local  sale  of  mine  timbers  is  slight  so  far  as  the  small  land  owner  is 
concerned.  The  large  companies  who  own  mineral  rights  own  most  of 
the  surrace  as  well,  and  could  supply  (Ikmi-  needs  from  their  own 
lioldings. 

The  values  given  for  chestnut  poles  and  extract  wood  are  estimates. 
Untreated  poles  bring  from  $2.25  to  $19.50  each,  depending  on  the 
length.  (Micstnut  trees  of  good  Conn  are  cut  for  ])oles  in  some 
localities,  'i'he  cutting  is  being  accelerated  because  of  the  chestnut 
blight  and  because  the  preparation  of  poles  requires  but  little  capital 
or  equipment. 
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The  Values  shown  for  hardwood  pulpwood  and  fuel  wood  are  based 
on  existing  market  prices  in  southern  Kentucky,  as  there  is  no  present 
market  for  these  products  in  the  section  being  studied.  Very  Uttle 
wood  is  used  for  fuel,  as  coal  is  plentiful  and  cheap  and  underUes  most 
of  the  farms  so  that  it  is  directly  available  for  domestic  consumption. 

Not  all  these  products  may  be  marketable  at  any  one  time  from  a 
given  tract.  Wliile  nature,  with  man's  assistance,  is  constantly  at 
work  producing  the  raw  material,  the  question  of  just  what  product 
or  products  should  be  manufactured  can  be  answered  only  by  a  study 
of  ciuTent  market  conditions.  Fortunately  the  forest  crop  is  unlike 
agricultural  crops  in  that  usually  it  need  not  be  entirely  removed  at 
one  cutting  nor  at  any  particular  time  to  save  it  from  deterioration. 
If  prices  are  unsatisfactory  or  if  the  trees  are  too  small  for  the  manu- 
facture of  those  products  yielding  the  highest  net  returns,  the  harvest 
may  be  deferred  until  conditions  are  more  favorable  provided  the 
owner  can  wait  for  income. 


HSt^iir- 


FicuKE  10.— Yellow  poplar  seeded  in  on  this  cool  slope  from  the  mature  trees  above. 

slopes  should  never  be  cleared 

MANAGEMENT  OF  FARM  WOODLAND 


Such  steep 


Much  of  the  foregoing  discussion  applies  equally  well  to  large  tracts 
and  to  small  ones  such  as  farm  woodlands. 

Although  the  market  situation  is  now  uncertain  and  far  from  satis- 
factory, partly  because  of  overproduction,  all  the  large  tracts  will  be 
cut  over  witliin  the  next  15  to  20  years.  Small  holdings  containing 
timber  of  good  quality  will  then  be  in  demand  at  good  prices.  Their 
present  relative  inaccessibility  to  market  will  be  remedied  by  the 
construction  of  Class  A  roads  wliich  are  now  being  built  through  this 
section. 

Yellow  poplar  logs  (fig.  10)  for  lumber,  veneer,  and  pulpwood; 
black  walnut  for  veneer;  oak  for  ties,  veneer  backing,  and  lumber; 
and  liickory  for  veliicle  stock  and  handles  will  be  readily  salable  at 
98634°— 32 4 
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good  prices.  The  fact  that  some  species  will  attain  pole  and  tie  size 
at  the  time  that  the  others  attain  Imnber  and  veneer-log  size,  especially 
where  oak  and  yellow  poplar  are  mixed,  will  make  for  more  complete 
and  profitable  disposal  of  the  products. 

The  possibihties  of  saw-timber  production  on  old  fields  are  indicated 
by  Table  33. 

Table  33. — Average  price  per  thousand  feet  jor  logs  delivered  at  the  mill^  and  num- 
ber oj  years  required  Jor  trees  to  grow  to  I4  inches  diameter  breast  high  on  old  fields 


Species 

Period 

Price 

Species 

Period 

Price 

Yellow  poplar 

Years 
45 
55 
70 

Dollars 
23.87 
119.92 
20.33 

Red  oak  ... 

Years 
55 
80 
45 

Dollars 
20.33 

Black  walnut 

Hickory 

39.68 

White  oak 

Sycamore 

20.57 

>  Average  log  prices  for  1924,  Appalachian  region.    From  Statistical  Bulletin  21  (7). 

Wliat  may  be  expected  from  careful  management  of  existing  mixed 
stands  is  mdicated  by  the  following  example  of  results  actually 
obtained  on  a  farm  wood  lot  in  Webster  County. 

On  a  40-acre  tract  of  the  oak-chestnut-liickory  type  three  cuttings 
have  been  made.  Thirty  years  ago  2,000  to  4,000  feet  per  acre  of 
selected  oak  and  poplar  were  removed  from  the  virgin  stand.  Eleven 
years  ago  a  second  cutting  took  out  4,858  feet  per  acre,  of  which  3,233 
feet  was  in  the  form  of  ties  and  1,625  feet  of  saw  logs.  Two  years  ago 
a  third  cutting  removed  2,077  feet  per  acre,  1,133  feet  as  ties,  and  the 
rest  as  saw  timber.  The  present  stand  contains  228  trees  per  acre,  30 
per  cent  of  which  are  10  inches  and  over  in  diameter,  with  a  volume 
of  5,000  board  feet  per  acre.  The  smaller  trees  from  4  to  10  inches  in 
diameter  have  a  volume  of  245  cubic  feet  per  acre. 

The  smaller  healthy  trees  are  mostly  dominants,  since  the  large 
timber  has  all  been  removed.  There  is,  therefore,  ample  opportunity 
for  rapid  growth  on  the  part  of  the  vigorous  young  stock  which  has 
been  left  uninjured  by  the  later  cuttings. 

The  trees  that  are  now  10  inches  and  over  will  be  large  enough  for 
ties  and  lumber  witliin  the  next  20  years,  and  there  are  enough 
smaller  trees  to  warrant  tliinning  should  a  demand  arise  for  such 
products  as  mine  props,  pulpwood,  or  fence  posts. 

The  stands  that  have  grown  up  on  old  fields  are  especially  valuable 
to  their  owners.  Because  of  conditions  favorable  to  rapid  growth, 
such  stands  may  contain  from  5,000  to  14,000  feet  per  acre  at  30  to 
50  years  of  age. 

Trees  usually  reach  post  size,  tie  size,  pole  size,  and  lumber  size 
more  quickly  on  old  fields  than  on  any  other  type  of  land.  Growth 
in  height  and  diameter  is  more  uniform,  and  there  is  the  additional 
advantage  of  freedom  from  suppression  by  large  trees.  The  evenness 
of  the  stand,  the  com])arative]y  small  number  of  species,  and  the 
natural  dominance  of  the  more  valuable  trees  are  other  favorable 
factors. 

Present  values  of  14-inch  logs  may  be  somewhat  below  the  aver- 
ages as  shown  in  Table  33,  ])!irti('ularly  in  the  case  of  black  walnut. 

These  figures  hidicatc  that  it  may  well  be  worth  while  for  farmers 
to  encourage  the  natural  growth  of  w^ell-formed  trees  of  these  more 
valuable  species  on  worn-out  fields  and  pastures,  and  even  to  restock 
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such  lands  by  planting  where  it  can  be  done  at  Httle  expense.  The 
uncertainty  of  natural,  haphazard  restocking  on  many  old  fields 
could  be  avoided  by  planting,  smce  composition  and  density  would 
be  entirely  under  control.  Either  pure  stands  of  yellow  poplar  or 
mixed  stands  containing  poplar  could  be  planted,  depending  on  the 
site  and  on  the  products  desired.  One-year-old  seedlings  can  be 
planted,  spaced  8  by  9  feet,  at  a  cost  of  $5  or  $6  an  acre. 

Yellow  poplar,  black  walnut,  black  locust,  and  black  cherry  would 
make  a  good  combination.  Black  locust  grows  well  during  the  first 
20  to  25  years  of  its  life.  It  should  then  be  cut  for  posts,  props,  etc., 
along  with  the  yellow  poplar  for  pulpwood,  leaving  the  black  walnut, 
black  cheriy,  and  some  of  the  best  poplar  for  saw  timber  and  veneer 
logs.  The  cost  of  planting  and  management  could  be  met  in  part 
from  this  intermediate  cutting  and  thinning. 

The  revenue  possible  from  thinning  is  indicated  by  a  stand  of  almost 
pure  yellow  poplar,  near  Cranberry,  N.  C,  which  was  partly  thinned 
when  about  35  years  old  and  yielded  8  or  9  cords  of  pulpwood  per 
acre,  worth  $4  per  cord.^^ 

In  most  instances  the  sale  value  of  the  farm  would  be  materially 
increased  by  the  presence  of  a  well-established  stand  of  thrifty  young 
growth. 

COSTS  OF  HOLDING  TIMBERLAND 

The  costs  of  holding  land  for  timber  growing  consist  mainly  of 
taxes  and  the  expense  of  fire  protection.  The  cost  of  administrative 
and  silvicultural  measures  would  vary  according  to  the  intensity  of 
forestry  practice.  Sach  costs  would  usually  be  more  than  offset  by 
the  increased  yields  and  better  quality  of  timber  grown. 

COST  OF  PROTECTION  AGAINST  FIRE 

Expenditures  for  fire  protection  in  this  section  are  borne  by  the 
State  and  by  private  associations.  The  State  spends  1  ceat  per  acre 
per  year,  and  the  members  of  the  Central  West  Virginia  Fire  Protec- 
tive Association  contribute  an  additional  1  cent  per  acre  for  such 
tracts  as  are  owned  by  them.  The  extra  sum  spent  on  association 
lands  has  been  well  justified  by  the  better  protection  afforded.  At 
least  2)^  cents  and  possibly  3  cents  an  acre  must  be  spent,  however, 
to  ensure  really  adequate  protection.  This  would  provide  for  the 
maintenance  of  a  permanent  organizatioa  sufficient  to  cope  with  all 
fires  in  an  efficient  manner. 

TAXATION  OF  TIMBERLAND 

Timberland,  like  all  other  classes  of  property,  is  assessed  under 
the  so-called  general  property  tax.  The  problem  of  determining  the 
bases  for  the  values  placed  upon  different  classes  of  timber  is  compli- 
cated by  the  presence  of  underlying  mineral  resources  which  may  or 
may  not  be  under  the  same  ownership  as  the  timber.  This  is  true  also 
of  those  smaller  tracts  which,  together  with  improved  land,  constitute 
farm  units.  The  land  books  fail  to  differentiate  between  forested 
and  other  areas,  where  the  ownership  is  in  fee  or  surface;  nor  is  there 
any  indication  of  the  proportionate  value  given  to  forest  land.  In 
fact,  although  the  various  types  of  timberland  have  fairly  specific 

15  Uotted  States  Department  of  Agriculture,  Forest  Service,  Branch  of  Research,    monthly 
REPORT,  September,  1928,  p.  11.     [Mimeographed.] 
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values,  these  do  not  appear  to  be  taken  into  consideration.  For 
example,  timberland  held  in  fee  may  have  been  assessed  at  a  valua- 
tion of,  say,  $25  an  acre.  Later  the  timber  is  sold.  The  area  is 
then  taxed  in  "fee  except  timber"  ^^  but  still  carries  the  same  valua- 
tion as  before.  The  same  kind  and  c|uality  of  forest  land  in  the  same 
district,  when  held  only  as  timber  or  as  surface  may  be  assessed  at 
$15  to  $30  an  acre.  On  forested  areas  owned  as  surface  the  valuation 
is  more  hkely  to  be  lowered  after  cutting,  especially  if  all  merchantable 
material  is  cut.  Light  cullings  and  sometimes  diameter-limit  cut- 
tings, which  leave  a  fairly  large  number  of  merchantable  trees,  are 
not  always  followed  by  lower  assessed  valuations. 

Timber  tracts  held  only  in  surface  or  in  timber  afford  a  good  index 
to  the  current  valuation  of  timberland.  Virgin  or  lightly  culled 
timber  is  usually  assessed  higher  than  timber  more  heavily  cut  over. 
Accessibility  is  recognized  in  fixing  valuations,  but  size  of  holding 
does  not  necessarily  exert  an  influence.  For  example,  a  smail  tract 
in  the  midst  of  a  large  tract  or  adjacent  to  it  usually  mil  be  assessed 
at  the  same  rate  as  the  large  tract  although  the  timber  must  be  sold 
to  the  owner  of  the  larger  tract,  usually  at  a  low  price,  if  it  is  sold  at 
all. 

Theoretically-,  vahies  are  placed  according  to  the  assessor's  judg- 
ment and  knowledge  of  general  market  conditions,  but  in  reality  the 
county  board  of  equalization  and  review  sets  the  final  value  so  that 
usually  the  current  year's  assessments  are  merely  copied  from  the 
books  of  the  previous  year,  and  no  change  is  made  until  such  tune 
as  the  board  decides  to  make  a  revaluation.  Examination  of  the 
assessments  of  surface  or  timber  rights  on  50  tracts  selected  at  random 
in  the  two  counties  showed  that  the  average  assessed  valuation  for 
virgin  or  lightly  culled  timber  is  $25  an  acre,  and  for  merchantable 
stands  cut  to  a  fairly  high  diameter  limit,  $15.  Heavily  cut-over, 
nonmerchantable  stands  are  assessed  at  about  $6  an  acre  in  Nicholas 
County  and  $8  in  Webster.  Examination  of  a  considerable  number 
of  transactions  shows  that  there  is  no  consistent  relationship  between 
assessed  and  sales  values. 

Judging  from  the  trend  of  the  tax  rates  and  assessed  vahuition,  the 
tax  on  timberland  will  continue  to  increase.  Assessed  valuations  on 
forests  containing  merchantable  timber  were  raised  25  to  100  per  cent 
between  1915  and  1920.  The  valuation  of  cut-over  land  has  re- 
mained constant  since  1910.  Tax  rates  have  risen  steadily  in  all  the 
districts,  the  average  annual  inci-ease  during  the  last  17  years  being 
about  8  cents  per  $100  of  valuation. 

Tlie  increase  in  the  average  amount  of  tax  on  each  of  the  three 
classes  of  timberland  is  shown  in  Table  34. 

Table  34. —  Tax  per  acre  on  timberland,  average  jor  all  districts  oj  iXicholas  and 

Webster  Counties  in  specified  years 


Class  of  forest 

1!)10 

ntUy 

11)20 

192,1 

1927 

Virgin  and  liRhtly  ciillod 

Merchantable  second  growth        .            

Cents 
14 
8 
6 

Cents 

II 

1 

Cents 
42 

2.1 
]2 

Cents 
.10 
.10 
II 

Cents 
56 
34 

Nonniercluvn tabic  cu!  over                    -    . ---  . 

16 

i»  "Fee  except  timber"  refers  to  the  ownership  of  all  the  usual  rights  to  land  except  the  timber  rights 
which  refer  to  timber  only. 
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Whether  timberland  will  bear  any  greater  share  of  the  total  tax 
burden  in  the  future  than  in  the  past  is  a  matter  of  conjecture. 
There  is  no  doubt  that  the  removal  of  the  merchantable  material 
from  all  the  large  tracts  within  the  next  20  years  will  necessitate 
substantial  increases  in  tax  rates  and  probably  also  in  assessed  values, 
in  order  to  meet  the  financial  needs  of  the  counties. 

It  is  doubtful  whether  the  assessed  values  on  badly  sldnned  forest 
land  held  in  surface  will  be  raised.  The  valuation  of  tracts  on  which 
the  young  timber  is  approacliing  merchantability  probably  will  go 
higher.  Such  stands,  when  held  in  surface,  are  usually  assessed  now 
as  bare  land,  but  undoubtedly,  under  the  steady  pressure  of  need  for 
additional  revenue,  cognizance  will  be  taken  of  their  increasing  values. 

OUTLINES  OF  AN  ECONOMIC  PROGRAM  FOR  THE 
NICHOLAS-WEBSTER  SECTION 

ECONOMIC  PROGRAM  FOR  FARMING 

Farming  in  Nicholas  and  Webster  Counties  eventually  will  be  con- 
fined largely  to  the  area  that  has  been  designated  as  agricultural. 
Outside  this  area  the  conditions  are  not  suited  to  modern  farming, 
and  the  investigators  are  con\dnced  that  people  in  general  will  not 
persistently  follow  the  present  type  of  farming  in  this  nonagricultural 
zone. 

The  conditions  under  which  farming  in  the  agricultural  zone  will 
be  practicable  have  been  discussed. 

For  many  jears  people  will  remain  on  farms  in  the  nonagricultural 
zone.  This  is  probably  desirable.  They  have  houses  and  outbuild- 
ings, garden  plots,  and  a  few  head  of  stock,  enabling  them  to  live 
more  comfortably  here  than  they  would  if  they  w^ere  to  sell  their 
homes  and  move  to  town.  Doubtless  some  young  people  will  take 
up  farming  in  the  nonagricultural  zone,  but  it  is  impossible  to  predict 
the  trend  for  m'any  years  in  the  future. 

The  need  for  a  larger  degree  of  cooperation  in  the  various  agricul- 
tural undertaldngs  is  e\ddent.  At  present  there  are  practically  no 
cooperative  organizations.  One  of  the  most  desirable  forms  of  co- 
operative enterprise  would  be  the  formation  of  a  cooperative  motor- 
trucldng  association.  The  section  is  inadequately  served  by  rail- 
roads, and  many  of  the  farm  settlements  are  from  15  to  25  miles  from 
a  shipping  point.  The  problem  of  hauling  produce  and  supplies  is 
therefore  serious. 

For  example,  it  is  almost  out  of  the  question  for  the  farmers  in  the 
vicinity  of  Summers^^lle  to  use  lime  on  their  fields  because  of  the 
high  cost  of  hauling  it  from  Fenwick,  20  miles  or  more  away.  If  the 
community  in  the  vicinity  of  Summersville  were  to  organize  a  co- 
operative motor- trucking  association,  the  cost  of  hauling  could  prob- 
ably be  reduced  to  the  point  at  which  farmers  could  aftord  to  use 
lime.  The  cooperative  trucks  could  haul  various  kinds  of  produce 
from  farm  to  market  as  weU  as  haul  supplies  from  their  unloading 
point  to  the  farm.  The  administration  of  such  an  organization 
would  be  simple  as  compared  with  many  types  of  undertakings  now 
handled  by  cooperative  associations. 

The  agricultural  extension  and  home  demonstration  work  should 
be  planned  with  a  view^  to  consolidating  the  agricultural  industiy  in 
the  agricultural  zone.     But  farmers  in  the  nonagricultural  zone  should 
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not  be  slighted;  their  precarious  economic  position  is  in  itself  a 
reason  for  gi\Ting  them  special  attention.  \Mienever  it  can  be  shown 
that  their  land  is  not  permanently  suitable  for  farming,  plans  shoidd 
be  made  for  the  best  temporary  use  for  farming  or  a  combination 
including  timber  growdng. 

It  would  be  helpful  if  the  residents  of  tracts  unsuited  to  profitable 
farming  could  be  infomied  concerning  opportunities  for  industrial  or 
agricultural  employment  elsewhere  (whenever  conditions  permit). 
This  would  enable  those  lea^dng  the  farms  to  seek  employment  under 
the  most  favorable  conditions.  A  campaign  to  encourage  farm 
abandonment  is  not  suggested. 

As  stated  previously,  this  study  is  an  attempt  to  develop  a  long- 
time outlook.  In  order  that  a  program  of  action  be  developed,  there 
is  need  for  the  coordination  of  local  activities  by  the  organizations 
and  the  authorities  interested  in  taxation,  roads,  schools,  health,  agri- 
culture, and  industry.  Suggestions  may  come  from  the  outside,  but 
forward  steps  can  be  taken  only  by  those  who  are  directly  interested 
in  the  welfare  of  their  neighbors  and  themselves. 

The  local  people  will  need  to  decide  for  themselves  whether  the 
interests  of  all  will  be  best  served  by  an  improvement  program  for 
agriculture  in  a  doubtful  area  or  by  the  gradual  abandonment  of  land 
not  suited  to  farming.  The  situation  is  undoubtedly  dift'erent  in  1932 
than  it  was  in  1928,  and  changes  will  continue.  Changing  conditions 
make  the  task  of  planning  difficult,  but  they  also  make  planning  all 
the  more  necessary. 

PUBLIC  ACQUISITION  OF  SCATTERED  FARMS 

It  would  be  well  if  the  State  could  purchase  the  scattered  farms 
that  are  too  few  to  support  roads  and  schools,  particularly  where  the 
maintenance  of  such  facihties  could  be  discontinued.  These  areas 
could  then  be  blocked  out  wherever  possible  by  further  purchases 
from  other  forest-land  owners  in  order  to  facilitate  the  organization 
of  adequate  fire  protective  measures  and  to  provide  for  efficient  forest 
management.  The  public  should  then  be  ad^^scd  that  settlers  going 
into  such  tracts  would  not  be  pro\dded  with  schools  and  roads.  Settle- 
ment could  be  barred  from  State-owned  land  in  any  event.  Later, 
when  these  tracts  under  proper  forest  management  were  again  on  a 
productive  basis,  small  permanent  wood-using  industries,  their  capac- 
ity based  upon  the  growth  of  the  State-owned  forests,  could  be  intro- 
duced, as  hereafter  described.  The  land  would  again  become  popu- 
lated, not  by  scattered  settlers  but  by  thriving  communities  gaining 
their  entire  livelihood  from  the  products  of  the  growing  forests,  anti 
fully  alive  to  the  significance  of  this  natural  resource  to  theii"  social 
and  economic  welfare. 

COST  OF  GOVERNMENT 

As  eventually  there  probably  will  be  fewer  farms  in  Nicholas  and 
Webster  Counties  and  as  the  virgin  timber  resources  are  rapidly  pass- 
ing, it  is  time  to  make  a  special  examination  of  the  cost  of  carrying 
on  local  government.  Probably  it  will  be  economical  and  feasible  to 
consolidate  certain  county  offices  so  that  work  of  the  various  offices 
can  be  done  with  a  smaller  number  of  officials.  Tliis  would  effect  a 
considerable  saving  to  the  taxpayers. 
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Fortunately,  West  Virginia  has  adopted  the  county-assessor  sys- 
tem, but  it  is  the  practice  to  appoint  deputy  assessors  to  assist  with 
the  assessment.  In  these  counties,  as  in  most  rural  areas,  the  assess- 
ment is  neither  very  accurate  nor  equitable  and  is  unduly  expensive. 

FOREST  INDUSTRIES 

The  manufacture  of  finished  or  semifinished  products  by  perma- 
nent industries  within  the  region,  obtaining  their  raw  material  from 
the  timberlands  around  them,  would  be  of  great  benefit  to  the  local 
communities.  Tliis  would  expand  and  stabiHze  the  outlets  for  local 
produce  and  labor,  increase  the  purchasing  power  of  the  community, 
and  make  possible  a  more  satisfactory  standard  of  Hving. 

Before  the  old-growth  timber  is  entirely  removed  it  will  be  well  to 
plan  for  the  introduction  of  industries  to  utihze  second-growth  timber. 
Sawmills  should  be  smaller  than  those  now  operating,  because  they 
should  be  based  on  the  capacity  of  the  forest  to  supply  them  con- 
tinuously and  permanently.  Wliere  supplies  are  obtained  from  large 
tracts  under  unified  control,  stationary  band  mills  should  be  used 
rather  than  portable  circular  mills.  The  stands  should  be  placed 
imder  management  for  sustained  yield,  and  only  a  quantity  of  timber 
approximately  equal  to  the  annual  growth  should  be  cut  in  any  one 
economic  unit  in  a  single  year.  Subsidiary  industries,  preferably 
under  the  same  management,  so  as  to  insure  efficient  integration, 
should  be  established  to  utihze  the  sawmill  by-products. 

Economic  disposal  of  small-sized  products  would  mean  closer  utiliza- 
tion in  the  woods,  resulting  in  less  slash,  and  consequently  less  fire 
hazard  than  from  present  operations.  The  forest  would  also  be  kept 
more  sanitary  and  would  be  less  susceptible  to  damage  by  insects  and 
disease.  For  example,  manufacture  of  hardwood  pulp  would  result 
in  closer  utiUzation  of  hardw^ood  tops  and  large  limbs  in  the  woods 
and  in  the  reclamation  of  much  mill  waste. 

Lumber  or  logs,  instead  of  being  sliipped  out,  would  be  manufac- 
tured locally  into  finished  products.  Stable  industrial  settlements, 
built  around  the  local  industries,  would  offer  permanent  markets  for 
labor  and  agricultural  products  and  -would  greatly  benefit  the  com- 
munity. 

Many  problems  would  arise  in  planning  such  permanent  industries, 
particularly  that  of  transportation.  Wliere  small  materials  are  to  be 
hauled,  liighw^ays  might  be  constructed  on  the  grades  of  abandoned 
logging  railroads,  and  trucks  or  tractors  employed.  The  construc- 
tion of  flumes,  or  perhaps  even  of  permanent,  well-built  dams,  to 
carry  or  float  pulpwood  bolts  or  other  small  products,  might  be  con- 
sidered. In  some  cases  it  might  even  prove  advisable  to  rebuild 
main-line  railroads,  using  narrow-gage  tracks  and  Ught  steel. 

The  size  of  plant  in  a  given  locahty  would  be  governed  by  the 
quantity  and  availability  of  merchantable  timber.  The  rugged  char- 
acter of  the  topography  over  most  of  the  section  would  have  to  be 
considered  in  determining  the  availabihty  of  the  timber  and  hence  the 
most  economic  size  of  the  unit. 

The  village  of  Cowen,  for  examxple,  could  be  the  site  of  a  plant 
obtaining  its  suppUes  from  some  40  to  60  farm  tracts  located  within 
a  radius  of  5  to  10  miles.  Let  us  assume,  on  the  basis  of  the  actual 
forest  conditions  in  that  locality,  that  an  aggregate  of  5,000  acres  of 
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woodland  is  available  and  that  4,000  acres  contain  merchantable 
timber  in  the  following  classes : 

Acres 

Virgin  timber 1.  000 

Lightly  culled  timber 2,  000 

Merchantable  second  growth 1,  000 

Total  merchantable 4,  000 

Nonmerchantable  cutover 1,  000 

Before  starting  operations  or  deciding  how  the  woodland  shoidd  be 
handled,  it  would  be  wise  to  draw  up  a  management  plan  providing 
for  continuous,  permanent  production.  An  inventory  of  the  quantitj'" 
and  kind  of  timber  down  to  the  smallest  sizes,  and  a  rough  stud}''  of 
the  annual  growth  should  first  be  made.  These  might  be  supple- 
mented by  figures  on  growth  obtained  from  the  Appalachian  Forest 
Experiment  Station  of  the  United  States  Forest  Service. 

Let  it  be  assumed  that  a  timber  cruise  shows  a  total  of  41,000,000 
board  feet  of  timber  14  inches  and  upward  in  diameter  breast  high 
and  that  the  percentages  of  the  principal  species  are  as  follows:  White 
oak,  30  per  cent;  red  oak,  20;  chestnut  oak,  15;  chestnut,  15;  yellow 
poplar,  5;  hemlock,  5;  and  miscellaneous,  10. 

The  average  annual  growth  on  the  entire  5,000  acres  is  ascertained 
to  be  433,000  board  feet.  A  cutting  cycle  of  30  years,  on  the  basis  of 
the  present  stand  and  growtn,  can  be  adopted.  A  small-dimension 
mill  and  sawmill  combined,  cutting  500,000  feet  annually,  would 
be  large  enough. 

Proper  management  of  the  contributing  farm  woodlands  might  be 
assured  either  by  stipulating  the  kinds  and  sizes  of  trees  desired  or, 
better  still,  by  going  into  the  woods  and  marking  specific  trees  for 
removal  in  accordance  with  silvicultural  and  economic  considerations. 
The  amount  to  be  obtained  in  a  given  year  from  each  tract  would  thus 
be  determinable  and  the  farmer  would  be  paid  only  for  the  stipu- 
lated quantit}'  of  logs  which  he  could  cut  and  haid  to  the  mill. 

At  the  end  of  30  years  the  first  cutting  of  the  4,000  acres  now  mer- 
chantable will  have  been  completed.  A  total  stand  of  approximatelv 
39,000,000  feet,  consisting  of  13,000,000  feet  of  new  growth  and 
20,000,000  feet  of  old  growing  stock,  will  be  left  standing  ready  for 
the  second  cutting  cycle.  The  woodlands  will  then  be  in  a  well-man- 
aged condition,  capable  of  supporting  the  mill,  which  would  now  be 
cutting  no  more  than  the  annual  growth.  As  a  result  of  good  manage- 
ment, this  growth  may  be  expected  to  have  increased  to  several  times 
the  amount  at  the  start. 

Lumber  need  not  be  the  only  product  manufactured.  Ties,  squared 
stock,  posts,  and  proj)s  might  be  milled  to  advantage.  Poles  and 
pulpwood  might  be  produced  whenever  market  conditions  warranted 
their  Jiianiifacture.  Slabs,  edgings,  thinnings,  and  the  lower  grades 
of  lumber  could  be  converted  most  profitably  into  roughly  sawn,  small- 
dimension  stock  l)y  means  of  additional  but  inexpensive  e(niii)iuent. 
Oak  and  chestnut  stock  could  be  ship|)ed  to  furniture  factories,  and 
yellow  i)oplar  converted  into  scpiares  for  shelving  and  simihir  uses. 

CONSOLIDATION  AND  MANAGEMENT  OF  FARM  WOODLANDS 

The  development  of  agricultural  o])erations  on  the  better  soils,  and 
the  Jicconipiuiying  (•()nsoH(hition  of  fai'uis  into  hirger  units,  is  a  ste]) 
in    the  riglit  direction.     Many   line   tracts  of  farm   tinihrrhiiul  slill 
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remain  in  the  section.  Records  of  sales  made  by  farmers  show  that 
the  full  value  of  stumpag:e  is  seldom,  if  ever,  realized.  Permanently 
established  wood-using;  industries  similar  to  those  described  will  place 
the  farmer  in  a  more  advantageous  financial  position  with  respect  to 
his  woodland  and  even  his  agricultural  crops.  He  should  attract  and 
support  such  industries  by  foregoing  the  higher  immediate  but  transi- 
tory income  obtained  by  allowing  the  timber  operator  to  "skin"  his 
woodland  in  favor  of  the  more  moderate  but  continuous  annual  income 
derived  from  a  community-building  enterprise. 

With  the  assurance  of  good  future  markets  for  woodland  products, 
it  will  pay  the  farmer  to  consider  carefully  the  manner  of  disposing  of 
his  timber.  It  is  to  his  best  interest  to  do  his  own  cutting.  In  this 
way  he  can  derive  greater  returns  from  his  woodland.  During  the 
winter  he  can  use  his  labor  and  teams  in  the  woods.  Furthermore,  he 
can  regulate  the  cutting  according  to  desirable  forestry  practice,  leav- 
ing the  woods  in  good  shape  for  later  crops.  The  outside  operator  who 
buys  the  timber  bj^  the  boundary,  or  by  the  acre,  or  perhaps  by  the 
thousand  board  feet,  can  not  be  depended  upon  to  give  the  valuable 
young  growth  any  consideration. 

The  farmer  who  goes  no  further  than  to  cut  his  owti  products,  hauling 
them  as  an  individual  to  uncertain,  sliifting  markets  and  accepting 
whatever  prices  are  offered,  may  not  be  making  the  best  of  his  oppor- 
tunities. He  can  frequently  achieve  more  through  cooperative  effort 
in  some  or  all  of  the  processes  leading  up  to  the  final  disposal  of  the 
finished  products.  By  forming  cooperative  pools  similar  to  those  used 
in  selKng  sheep  or  other  farm  products  he  would  be  able  to  reach  wider 
markets  and  obtain  better  prices  than  are  now  offered.  By  ship- 
ping carload  lots  he  would  have  the  advantageof  lower  freight  rates. 

Pools  would  be  advantageous  particularly  to  those  farmers  whose 
woods  are  relatively  far  from  the  railroad,  or  are  inaccessible,  or  are 
hght  and  spotty.  Tracts  that  could  feasibly  be  operated  by  either 
large  or  small  mills  might  also  be  handled  to  greater  profit  by  coopera- 
tive enterprise. 

By  establishing  connections  with  sawmills,  veneer  plants,  furniture 
factories,  and  other  wood-using  industries  through  the  efforts  of  the 
county  agent  and  extension  forester,  farm  woodland  owners  would  be 
quoted  definite  prices  for  all  grades  of  products.  The  estimated  com- 
bined log  output  of  the  members  of  the  pool,  dehvered  at  the  track  at 
any  central  shipping  point,  would  then  represent  a  stipulated  value, 
and  the  farmers  would  feel  assured  in  advance  that  they  were  employ- 
ing their  time  and  labor,  and  selling  their  product,  to  best  advantage. 
Indeed,  it  would  soon  be  learned,  as  it  has  been  elsewhere,  that  more 
money  could  be  realized  in  tliis  way  than  by  selling  stumpage  under 
present  conditions. 

The  requirements  of  the  wood-using  industries  woidd  influence  the 
cutting  policy  on  the  farm  woodland  in  that  only  those  trees  that  meet 
their  specifications  would  be  taken.  As  a  result  selective  cutting  and 
continuous  production  would  be  practiced,  in  contrast  to  the  obsolete, 
wasteful  ''sldnning"  practices  now  prevalent. 

CONSOLIDATION  AND  MANAGEMENT  OF  LARGE  TRACTS 

More  than  80  per  cent  of  the  forest  is  located  in  large,  unbroken 
tracts  in  the  rougher,  higher  portions  of  the  section.  Ownership  of  many 
of  these  tracts  is  divided  among  a  large  number  of  individuals  and 
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corporations.  That  the  forests  may  be  protected  and  managed  more 
effectively,  and  because  of  the  heavy  investments  necessary  for  the 
transport  of  forest  products  from  such  lands,  it  is  desirable  that  they 
be  consolidated  into  blocks,  each  of  which  should  be  either  under 
single  ownership  or  under  coordinated  management.  Without  such 
consolidation  it  will  be  difficult,  in  many  instances,  to  insure  that 
the  lands  will  continue  to  be  utilized  for  timber  production. 

CUTTING  POLICIES 

In  selling  timber  from  a  large  tract  it  is  highly  desirable  to  safe- 
guard the  owner's  interests  in  its  future  value.  Alethods  of  cutting 
should  be  stipulated.  Pro^asion  should  be  made  in  the  contract  for 
employing  suitable  fire-prevention  measures,  and  for  care  in  felling 
and  slddding  trees  in  order  to  reduce  damage  to  young  growth. 
Enforcing  measm-es  of  this  kind  would  entail  no  loss  of  time  or  money 
to  either  owner  or  operator.  Lumbermen  who  operate  in  the  national 
forests  in  the  Appalacliian  region  and  elsewhere  observe  such  regula- 
tions. 

The  operator  who  cuts  on  liis  own  land  should  also  be  guided  by  the 
desire  to  protect  the  future  value  of  his  timber.  The  best  use  of  the 
land  will  be  realized  only  by  allo\^^ng  the  more  valuable  trees  to  stand 
at  least  through  their  period  of  rapid  growth.  The  range  of  minimum 
diameters  for  cutting  confornung  to  the  value  and  growth  rate  of  the 
several  species  is  indicated  in  the  following  list: 

16  inches:  12  inches: 

Yellow  poplar.  Hickory. 

Black  walnut.  Red  maple. 

Red  oak.  10  inches: 

White  ash.  Black  birch. 

Black  cherry.  Yellow  birch. 

Cucumber  magnolia.  Beech. 

14  inches:  Butternut. 

White  oak.  8  inches: 

Chestnut  oak.  Black  locust. 

Basswood.  Black  gum. 

Sugar  maple. 

Hemlock. 

Species  of  lesser  value  should  be  cut  to  the  smallest  sizes  practicable. 

Rapid-growing  trees  should  be  grown  for  other  products  as  well  as 
for  saw  timber.  Pulpwood  is  chief  among  these  products;  it  ofters 
perhaps  the  most  permanent  and  satisfactory  source  of  income  for  the 
future.  This  and  other  minor  products  may  be  obtained  from  inter- 
mediate cuttings  made  to  improve  the  forest,  as  well  as  from  the  main 
operations. 

Th(>  pujj)ose  in  favoring  certain  species  over  others  when  cutting  is 
to  maintain  or  to  increase  tiie  dominance  of  the  most  valuable  species 
and  consequently  to  render  the  site  more  ])roductive.  The  truly 
selective  cutting  method  is  far  better  than  the  common  ])nictice  of 
cutting  out  the  best  and  leaAing  the  poorest.  The  detrimental  efiects 
of  the  latter  practice  are  evident  throughout  the  cut-over  forest  areas 
of  the  southern  Appalachian  region. 

In  the  oak-chestnut-hickory  type,  occurring  chiefly  on  dry  slopes 
and  ridges,  tlie  oiiks,  hickories,  and  l)hick  cherry  shouhl  be  favored  if 
they  arc  already  prescMit.  The  bUght-adectedchestnutand  the  inferior 
species  (black  gum  iiniong  others)  should  not  be  too  heavily  removed 
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at  any  one  cutting;;  in  fact,  it  is  important  that  all  cutting  be  light 
in  order  not  to  expose  the  vegetable  mold  to  wind  and  sun  unduly. 
Cutting  may  be  heavier  in  that  portion  of  the  type  located  in  the 
plateaulike  glade  area,  where  the  greater  dominance  and  better  growth 
of  the  oaks  and  hickories  on  the  rich  soil  and  the  level  topography 
make  the  problem  of  improving  the  forest  relatively  simple. 

In  the  oak-chestnut-poplar  type  it  is  best  to  favor  the  red  and  white 
oaks,  yellow  poplar,  white  ash,  basswood,  cucumber  magnolia,  and 
hickory,  and  the  black  walnut  if  it  is  present.  Cutting  may  be  heavier 
in  this  type  wherever  the  present  composition  of  tlie  stand  is  poor 
enough  to  warrant. 

PROTECTION  FROM  FIRE 

The  first  and  most  important  step  in  administration  is  protecting 
the  forest  from  fire.  To  reduce  and  eventually  to  eliminate  fire,  the 
forest  owners  and  the  general  public  must  cooperate  fully  with  the 
State.  Some  owners  cooperate  now  thi'ough  the  medium  of  forest- 
protective  associations.  Holders  of  small  tracts  adjacent  to  or  witliin 
large  forest  areas  shoidd  avail  themselves  of  the  extra  protection 
afforded  by  association  membersliip. 

The  farm  woodland  owner  is  most  advantageously  located  to  prevent 
and  control  fire  in  liis  neighborhood.  Once  his  indifference  to  its 
effects  is  overcome,  he  can  be  depended  upon  to  regard  fire  as  a  men- 
ace not  only  to  his  buildings  and  fences,  but  also  to  his  woodland, 
whether  it  be  mature  timber,  cut-over  land,  or  restocking  old  fields. 
Furthermore,  he  will  see  that  it  is  worth  while  to  prevent  and  to  check 
fires  in  the  woods  adjacent  to  his  own,  whether  they  be  owned  by 
fellow  farmers  or  by  large  corporations. 

The  State  and  the  individual  counties  should  cooperate  in  a  cam- 
paign of  education  and  law  enforcement  to  incidcate  the  idea  of  fire 
protection  and  to  teach  the  proper  use  of  fire.  Then,  when  the  laws 
against  incendiarism,  careless  handling  of  brush  and  camp  fires,  and 
negligence  of  operators  in  failing  to  use  fire-precautionary  measures, 
are  swiftly  and  effectively  enforced,  and  when  local  sentiment  can  be 
depended  on  to  support  these  laws  by  jury  action,  adequate  protection 
from  fire  ^vill  be  assured. 

PUBLIC  ASSISTANCE  IN  PRIVATE  FORESTRY 

Since  so  much  of  the  Nation's  wood  supply  comes  from  privately 
owned  holdings,  the  private  practice  of  forestry  should  be  of  much 
concern  to  the  public.  Most  of  the  forest  area  m  the  region  is  capable 
of  continuously  producing  good  forest  crops  if  it  is  properly  managed. 
The  State  and  Federal  Governments  can  assist  greatly  by  protecting 
the  area  from  fire,  from  insect  pests,  from  diseases,  and  from  other 
destructive  agencies;  by  extending  credit  for  forestry  operations;  by 
giving  technical  advice  and  assistance;  and  by  cooperating  in  manage- 
ment. One  of  the  most  effective  ways  in  which  the  State  can  promote 
private  forestry  would  be  the  adoption  of  a  system  of  taxation  under 
which  taxes  on  forest  lands  would  be  commensurate  with  the  pro- 
ductive capacity  of  those  lands  and  under  which  the  time  of  payment 
would  be  adjusted  to  correspond  with  the  receipt  of  income  from  the 
forest. 

Possibilities  in  extending  long-time  credit  for  forestry  operations, 
particularly  those  of  farm  cooperatives,  have  not  been  studied 
thoroughly,  nor  have  there  been  attempts  to  conduct  cooperative 
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forestry  operations.  It  may  be  that  some  form  of  cheap  credit  such 
as  that  provided  for  farmin^z;  operations  by  the  Federal  farm  loan  act 
would  be  effective  in  financing  cooperative  forestry  enterprises. 

PUBLIC  ACQUISITION  OF  FOREST  LAND 

Forest  lands  that  are  imsuited  to  private  management  because 
they  can  not  support  timber  of  rapid  growth  and  high  quaht}^,  or 
because  of  other  unfavorable  characteristics  causing  operating  costs 
to  be  excessive  or  returns  to  be  low,  are  not  likely  to  be  kept  in  a 
productive  condition  unless  they  are  in  public  ownership.  It  is 
desu'able  for  the  public  interest  that  a  forest  cover  be  maintained  on 
most,  if  not  all,  of  these  lands,  regardless  of  their  value  in  producing 
commercial  forest  crops.  Such  forest  cover  would  be  of  great  benefit, 
both  direct  and  indirect,  to  this  and  adjacent  sections. 

The  forests  at  the  highest  elevations  shelter  the  headwaters  of 
many  rivers  and  make  the  flow"  of  the  feeder  streams  more  uniform. 
In  other  sections  similar  forests  are  being  publicly  acquired  and  placed 
under  management  wholly  for  the  purpose  of  watershed  protection. 

Another  possibility  in  public  acquisition  is  that  of  providing  recrea- 
tion forests.  The  need  for  these  is  well  recognized.  In  other  States, 
large  tracts  are  being  purchased  for  this  purpose.  Forest  areas  that 
contain  views,  cliffs,  caves,  cascades,  and  excellent  stands  of  virgin 
hardwoods  which  enhance  the  scenic  values,  are  particularly  adapted 
for  recreational  use. 

The  field  observations  indicate  that  there  are  several  tracts  in  this 
territory  that  should  be  acquired  b\^  the  public.  A  more  intensive 
survey  would  be  necessaiy  to  determine  accurately  the  location, 
character,  and  extent  of  such  land,  but  the  following  tracts  may  be 
suggested  tentatively  as  suitable  for  acquisition: 

The  spruce  forest  at  the  headwaters  of  the  Cherry,  Gauley,  and 
Elk  Rivers  is  most  important  for  watershed  protection.  Its  extent  in 
Nicholas  and  Webster  Counties  has  been  described. 

The  hardwood-forest  areas  along  Point  Mountain  should  be  con- 
sidered for  their  recreational  value.  (Fig.  11.)  The  rugged  beauty 
of  the  territory  along  Point  Mountain — the  steep,  deep  valleys  with 
the  tumultuous,  winding,  silveiy  streams;  the  clear  view  of  range  after 
range  as  far  as  the  eye  can  discern— is  considerably  enhanced  by  the 
continuous  green  mantle  of  forest  growth,  much  of  which  is  still  in 
the  virgin  state  although  it  is  being  cut  over  at  the  rate  of  2,500  acres 
a  year.  The  Elk  River  and  its  Back  Fork  furnish  fine  trout  fishing, 
and  the  surrounding  mountains  offer  good  hunting  and  can  be  reached 
easily  by  automobile  and  railroad.  A  recreation  reserve  might  com- 
prise at  least  40,000  acres  from  Webster  Springs  eastward  along  Point 
Monntain  to  beyond  the  comity  line,  oxton<ling  on  both  sides  to  Back 
Fork  Mountahi  on  the  north  and  Ciauk'y  Divide  on  the  south. 

The  Gauley  ClifT  and  the  Open  Rock  formations  in  central  Nicholas 
County  are  of  suflicient  interest  to  be  set  aside  for  park  pur])oses. 
Their  forest  cover  enhances  their  value.  The  Open  Rocks  cover  only 
a  few  liinuh-ed  acres,  l)ut  ai'e  near  enough  to  the  CJauley  River  to  be  a 
[)nrt  of  that  territoiy.  A  belt  of  about  20,000  acres  extending  at 
least  ()iu'-l"()in-lh  mile  on  (>jich  side  of  the  Oaidey  River  from  IVi'singer 
Ford  f.o  tlu'  w<'stern  bounchiiy  of  Nichohis  Coimty  would  fonn  a  sub- 
stantial reserve  easily  accessible  by  automobile  and  oHering  suitable 
canqjing   facilities. 


UTILIZATION  OF  LANDS  IN  WEST  VIRGINIA 


61 


Other  localities  furnislilnsi;  excellent  hunting  (bear,  deer,  raccoon, 
and  turkey)  and  fishing  are  found  in  the  more  inaccessible  protection 
forests.  For  those  hardy  ones  who  msh  to  get  back  into  the  real 
wilderness  such  reservations  would  be  very  attractive. 

THE  PLACE  OF  SCHOOLS  IN  THE  REGIONAL  PROGRAM 

It  would  be  to  the  interest  of  the  section  to  plan  eventual  curtail- 
ment of  school  and  road  expenditures  in  the  part  that  is  regarded  as 
nonagricultural.  But  wherever  in  tliis  section  the  population  is  fairly 
dense  (and  tliis  will  be  the  case  in  the  vicinity  of  important  logging 
operations)  schools  will  be  required  regardless  of  the  agricultural 
quality  of  the  land.     Practically  no  more  land  in  this  section  will  be 


Figure  11. — A  scene  near  l\imt  .Muuuuuu.  A  recreational  reserve  in  this  locality  would  comprise 
inspirational  scenery,  the  attractiveness  of  which  is  due  largely  to  the  sheltering  mantle  of  green 
timber.    (Elk  River,  several  mDes  above  Webster  Springs) 

cleared  for  agricultural  use,  consequently,  when  new  schools  are  built, 
it  should  be  kept  in  mind  that  their  use  probably  will  be  temj)orary 
and  expenditure  should  therefore  be  kept  to  a  minimum. 

Wliere  there  are  only  four  or  five  farm  families  per  school  it  would 
be  advisable  for  the  school  districts,  the  county,  and  the  State  to 
purchase  these  farms  in  order  to  close  the  schools  and  eliminate  the 
expense  of  their  maintenance. 

Where  topograpliic  conditions  permit,  it  will  be  possible  to  con- 
solidate several  district  schools  into  single  schools  although  the  rugged 
topography  of  the  section  will  limit  the  extent  to  wliich  this  can  take 
place.  There  are  several  creeks  along  wliich  are  scattered  from  three 
to  a  haK  dozen  schools.  To  consolidate  the  small  schools  along  a 
creek  or  ridge  road  would  be  advantageous.  Wlierever  there  are 
paved  Class  A  roads  the  situation  is  favorable  for  consohdation. 
Such  consolidated  schools  would  provide  a  type  of  instruction  superior 
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to  that  now  offered,  and  their  cost  should  not  exceed  the  per  capita 
cost  of  furnisliing  the  present  type  of  instruction. 

There  will  be  a  permanent  need  for  county  liigh  schools.  There  are 
now  four  in  Nicholas  and  Webster  Counties;  these  will  be  sufficient  to 
meet  the  counties'  needs  for  a  long  time.  It  would  be  better  to  give 
the  existing  county  high  schools  larger  financial  support  than  to 
increase  the  number  of  such  schools. 

At  present  a  liberal  amount  of  State  aid  is  given  to  the  district 
schools.  In  general  this  should  be  continued.  To  whatever  extent 
the  State  contribution  relieves  the  local  population  of  a  part  of  the 
expense  necessary  to  maintain  schools  of  a  given  standard,  it  would 
appear  to  make  it  possible  to  farm  on  lands  where  the  farmers  could 
not  make  a  living  if  such  aid  were  not  available.  To  whatever  extent 
tliis  is  true,  the  granting  of  State  aid  defeats  its  own  purpose;  it  tends 
to  perpetuate  the  agricultural  industry  on  lands  that  could  not  other- 
wise support  the  existing  standard  of  living.  Of  course,  this  is  not  the 
case  where  the  State  contribution  is  employed  wholly  for  the  purpose 
of  improving  the  quahty  of  the  local  schools. 

In  an  old  section,  as  in  Nicholas  and  Webster  Counties,  where  the 
agriculture  is  static,  particularly  in  the  part  designated  as  nonagri- 
cultural,  one  might  well  reason  that  the  granting  of  State  aid  would 
tend  not  to  stimulate  agriculture  but  to  retard  its  decline.  It  is  a 
commonly  accepted  belief  among  many  observers,  however,  that  even 
if  State  aid  for  schools  and  roads  were  withdrawn  from  these  marginal 
localities  and  the  schools  and  roads  should  become  inferior  to  those 
now  maintained,  people  would  persist  in  remaining  there  for  a  long 
time. 

It  is  said  further  that  since  the  people  will  persist  in  remaining  it 
is  necessary  to  retain  State  aid.  Otherwise  the  inferior  schools  and 
roads  would  so  react  on  the  people  as  to  render  them  a  menace  to  the 
progress  of  surrounding  communities. 

The  most  effective  means  of  maintaining  a  satisfactory  standard  of 
living  within  the  section  is  redistribution  of  the  population.  Tliis 
would  be  facilitated  by  so  managing  the  forest  resources  as  to  achieve 
continuous,  permanent  production,  thereby  increasing  the  stabiUty  of 
communities  within  the  section  devoted  to  timber  gro\nng  and  by 
improvement  in  live  stock  production  in  other  localities.  Plans  should 
be  made  to  concentrate  the  expenditure  of  schools  and  road  funds  in 
localities  that  are  capable  of  maintaining  population  on  a  reasonable 
standard  of  living  by  farming  and  forestry, 

ROADS  IN  RELATION  TO  REGIONAL  PLANNING 

Such  class  A  roads  as  are  required  in  the  section  should  be  built 
by  the  State  and  should  be  constructed  only  where  they  will  serve  as 
links  in  the  State  highway  system.  As  such  they  will  be  greatlj^  needed 
to  care  for  the  cross-State  trallic. 

Certain  county  roads  also  serve  as  links  of  secondary  importance  in 
the  State  highway  system  and  should  receive  some  State  aid.  The 
West  Virginia  highway  law  should  be  revised  to  legalize  financial  aid 
in  the  cons! ruction  ajxl  iiiaiiitejiance  of  county  highways  wherever 
they  serve  primarily  the  State  class  A  highway  system. 

It  is  a  common  practice  for  the  magisteriid  districts  to  bond  them- 
selves heavily  in  oj-der  to  build  roads  of  ihc  cliiss  A  iY\n\  This  is 
rarelv  if  ever  advisable.    In  view  of  the  facts  that  in  most  of  the  section 
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the  virgin  timber  has  been  cut  over  and  that  the  agricultural  resources 
are  less  valuable  than  is  commonly  supposed,  it  is  not  inconceivable 
that  some  of  the  magisterial  districts  may  be  forced  to  default  on 
their  bonds. 

The  experience  of  many  counties  in  the  cut-over  areas  of  the  Middle 
West  and  the  Northwest  shows  that  high  taxes  in  a  cut-over  area  often 
lead  to  tax  delinquency.  In  West  Virgmia  there  has  been  little  tax 
delinquency  thus  far  because  the  county  and  district  expenditures 
have  been  low ;  the  stand  of  virgin  timber  has  been  able  heretofore  to 
bear  a  heavy  tax;  and  people  have  continued  temporarily  to  pay  fairly 
heavy  taxes  on  denuded  timber  land  for  the  coal  which  is  supposed  to 
underlie  much  of  the  territory. 

In  a  cut-over  area  it  is  imwise  to  commit  counties  and  magisterial 
districts  to  heavy  expenditures.    In  such  an  area  the  tax  base  is  very 
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Figure  12.— The  counties  having  soil  characteristics  similar  to  Nicholas  and  Webster  are  a  part 
of  the  Appalachian  highlands.     Parts  of  unsurveyed  counties  are  also  in  that  region 

unstable  and  w^ill  remain  so  until  it  is  known  how  much  of  the  tax  the 
remaining  farms  and  the  cut-over  woodland  will  bear.  For  that  reason 
it  is  strongly  recommended  that  the  magisterial  districts  refrain  from 
bonding  themselves  for  construction  of  class  A  highways.  A  less 
expensive  highway  it  is  felt  would  serve  the  needs  of  the  district 
adequately,  and  at  the  same  time  avoid  a  heavy  bond  issue,  which 
may  turn  out  to  be  more  of  a  mUlstone  than  now  seems  commonly 
apparent. 

EXTENT  OF  AREA  IN  WEST  VIRGINIA  TO  WHICH  RESULTS 
OF  THIS  STUDY  PROBABLY  APPLY 

That  the  results  of  this  inquiry  apply  in  large  measure  to  a  consider- 
able number  of  counties  other  than  Nicholas  and  Webster,  appears  to 
be  indicated  by  personal  observation,  analysis  of  census  data,  study  of 
published  geographical  reports,  computations  based  on  soils  maps,  and 
examination  of  topographic  maps.     Figure  12  shows  that  81  to  100 
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per  cent  of  the  soils  in  five  of  the  chain  of  counties  extending  from 
Barbour  to  McDowell  and  Mingo  are  like  those  studied  in  Nicholas  and 
Webster.  Sixty-one  to  80  per  cent  of  the  soils  in  six  other  counties — 
Fa^'ette,  Tucker,  Clay,  Braxton,  and  Raleigh — are  like  those  of  the 
Nicholas- Webster  section.  In  10  additional  counties,  41  to  60  per  cent 
of  the  soils  are  similar  to  those  in  Nicholas  and  Webster.  Soil  surveys 
of  47  neighboring  counties  have  been  made.  The  extent  to  which  the 
results  of  this  study  apply  to  the  larger  adjacent  section  may  be  indi- 
cated roughly  by  the  fact  that  of  these  47  counties  15  have  soils  over 
50  per  cent  of  which  are  similar  to  those  of  Nicholas  and  Webster 
Counties.  In  counties  of  which  the  soils  have  not  been  surveyed  it 
is  to  be  supposed  that  a  large  proportion  of  the  soil  is  like  that  of  the 
counties  for  wliich  soil-survej^  reports  have  been  published. 

However,  the  results  of  the  study  of  land  utilization  in  Nicholas 
and  Webster  Counties  apply  only  in  a  general  way  to  sections  of 
similar  characteristics.  So  far  as  the  recommendation  of  specific 
measures  is  concerned  the  differences  in  transportation  and  market 
facilities;  in  distribution  of  farm  areas;  in  the  extent,  character,  and 
development  of  forest  resources;  and  in  other  important  factors  may 
more  than  offset  similarities  in  soil  and  topographic  types.  Separate 
study  would  be  essential  before  specific  measures  could  be  framed  for 
adoption. 

It  is  believed  that  the  broader  aspects  of  public  pohcy  indicated  in 
this  bulletin  would  appear  to  apply  to  other  large  sections  in  the  State. 
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GENERAL   PROBLEMS    OF   SELECTION    IN    COTTON 

NEED   FOR   CONTINUED   SELECTION 

The  problem  of  selection,  as  applied  to  the  breeding  and  preser- 
vation of  varieties  of  cotton,  is  more  complex  than  current  theories 
have  recognized.  Selection  is  the  approved  means  of  keeping  a 
variety  uniform  and  of  maintaining  its  productiveness;  methods  of 
selection  must  be  employed  that  will  serve  the  intended  ynirpose. 
Account  must  be  taken  of  many  more  features  or  forms  of  diversity 
than  have  been  considered  formerly  in  order  to  preserve  the  essen- 
tial characters  of  varieties  by  continued  selection.  Theories  of  selec- 
tion must  be  reexamined,  as  these  have  been  largely  responsible  for 
the  methods  of  breeding  used  in  the  past.  Changes  in  methods  are 
suggested  by  facts  that  have  come  to  light  in  recent  years  through 
the  study  of  the  varieties  of  cotton. 

It  is  plain  that  the  need  of  selection  does  not  cease  with  the  dis- 
covery and  separation  of  a  superior  type  of  cotton  any  more  than 
with  a  superior  breed  of  animals.     If  selection  is  relaxed  there  is 
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110  assurance  that  varieties  will  be  maintained  in  a  condition  to 
produce  cotton  of  o;ood  quality.  Essentially  the  same  problems  arise 
in  kee}jing  up  the  plant  varieties  as  with  the  breeds  of  animals,  but 
less  knowledge  has  been  current  regarding  plants,  and  ideas  of 
plant  breeding  are  entertained  which  plainly  would  not  apply  to 
animals.  ]\Iore  theories  have  been  developed  in  connection  with 
plant  breeiling,  j)erhaps  because  the  facts  are  less  intimately  known. 
Animals  are  dealt  with  as  individuals,  whereas  plants  are  handled 
in  bulk,  as  though  individual  and  family  characteristics  were  lacking. 

Plant  breeders  are  engaged  largely  in  developing  new  varieties, 
whereas  animal  breeders  are  chiefly  concerned  with  keeping  up  old 
and  well-established  breeds.  New  breeds  of  animals  are  seldom 
introduced,  and  then  in  most  cases  are  imported  from  foreign  coun- 
tries where  they  have  existed  for  long  periods.  Valuable  breeds 
of  animals  have  seldom  been  originated  by  crossing  different  species 
or  by  selecting  peculiar  individuals  having  strikingly  unusual  char- 
acteristics, which  are  the  favorite  methods  among  plant  breeders  for 
obtaining  new  kinds,  although  the  "  novelties  "  produced  by  these 
methods  often  are  distinctly  inferior  to  varieties  already  in  use. 

Stock  raisers  do  not  question  that  the  best  animals  must  be  used 
in  each  generation,  to  keep  up  the  standards  of  the  good  breeds. 
Cotton  growers  are  led  to  believe  that  selection  at  intervals  of 
several  j'ears  is  sufficient  and  that  a  "  running  out  "  of  varieties  after 
a  few  generations  is  natural  and  inevitable.  After  a  bad  season  it 
is  customary  with  many  farmers  to  change  the  seed.  Both  of  these 
popular  beliefs  among  cotton  growers  are  found  to  be  erroneous, 
though  widely  and  confidently  accepted.  Experience  shows  that 
selection  must  be  applied  continuousl}'^,  and  that  varieties  of  cotton 
can  thus  be  maintained  for  long  periods.  The  notion  of  frequently 
changing  the  seed  has  been  popularized  by  commercial  breeders  and 
seed  merchants  in  advertising  high-priced  novelties. 

In  view  of  the  limited  quantities  of  seed  that  are  bought  by  the 
farmers  at  fancy  prices,  there  is  little  prospect  of  the  cotton  industry 
being  supplied  adequately  through  commercial  channels,  especially 
Avhen  catering  to  the  supposed  demand  for  novelties.  In  Texas  28 
firms  were  reported  in  1928  as  producing  registered,  certified,  and 
recertified  cottonseed,  more  attention  being  given  to  the  production 
of  good  seed  than  in  most  of  the  cotton-growing  States,  yet  less  than 
5  per  cent  of  the  cotton  acreage  in  Texas  was  planted  with  seed  of 
this  quality  (4^).^ 

An  adequate  selection  or  breeding  system  is  needed  for  maintain- 
ing tlie  seed  stocks  after  superior  varieties  of  cotton  have  been  dis- 
covered and  establish(>d  in  cultivation.  The  frequent  introduction 
of  new  varieties  is  most  decidedly  not  in  the  interest  of  improved 
pi-()(|uctiou  in  tlie  cotton  industry.  The  search  for  new  varieties  is 
only  a  part  of  the  problem  of  improvement,  and  it  has  no  beneficial 
effect  if  good  varieties  are  not  maintained  and  utilized.  Production 
that  is  based  on  inferioi-  seed  stocks  is  extremely  wasteful  and 
ineflicient. 

Methods  and  facilities  for  uuiintaining  the  pr'oduction.  of  good  seinl 
are  essential  t(»  any  substantial  improvement  of  production   in  the 
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cotton  industry,  and  study  has  been  directed  for  several  years  to  this 
problem.  The  lack  of  good  seed  is  the  underlying  cause  of  the  poor 
and  irregular  quality  of  much  of  the  American  cotton  crop,  and  the 
multiplicity  of  varieties  is  largely  responsible  for  the  deficiency  of 
seed  supplies.  Efforts  toward  improvement  in  other  phases  of  pro- 
duction can  not  be  really  effective  until  adequate  supplies  of  pure 
seed  are  established.  Keeping  up  the  seed  stocks  of  siqDerior  varie- 
ties, rather  than  the  creation  of  new  types,  is  the  essential  breeding 
problem. 

On  account  of  the  use  of  the  fiber  in  textiles,  a  special  need  for 
uniformity  is  recognized  in  the  breeding  of  cotton.  The  more  uni- 
form the  plants  can  be  made,  the  more  uniform  will  be  the  fiber 
that  they  produce,  the  better  the  fiber  will  be  adapted  to  manufac- 
turing processes,  and  the  greater  its  commercial  value.  Uniform 
fiber  has  less  waste  to  be  separated  in  spinning,  and  the  cost  of  fac- 
tory operation  is  lower,  as  the  threads  are  more  even  and  are  broken 
less  frequently  in  spinning  or  weaving.  Finer  threads  can  be  made 
from  uniform  cotton,  and  the  fabrics  are  stronger  and  more  durable. 
The  limited  production  and  widely  fluctuating  prices  of  superior 
fiber  have  restricted  its  use.  If  regularly  available  at  moderate 
prices,  vastly  larger  quantities  would  be  used  than  are  now  to  be 
obtained.  Substitutions  of  shorter  or  less  uniform  fiber  are  forced 
upon  the  manufacturers  when  the  supplies  of  good  fiber  become  too 
inadequate  and  uncertain  and  prices  run  so  high  as  to  become  pro- 
hibitive. Cotton  of  the  character  that  can  be  produced  from  the 
Acala  variety  would  be  used  in  enormous  quantities  if  adequate 
supplies  were  assured. 

Cotton  still  is  the  largest  export  product  of  the  United  States, 
and  the  low  quality  of  the  American  cotton  crop  is  a  serious  national 
handicap.  The  failure  to  establish  a  standardized  production  of 
good  varieties  of  cotton  in  the  United  States  not  only  invites  in- 
jurious competition  in  foreign  markets  but  limits  American  textile 
manufacturers  to  irregular  and  therefore  inferior  raw  materials. 
In  some  of  the  competing  countries  greater  precautions  are  being 
taken  to  supply  cotton  growers  with  good  seed  than  in  the  United 
States.  Not  only  the  varieties  and  the  quality  of  the  seed,  but  the 
planting  dates,  the  handling  of  the  crop,  and  the  clearing  of  the 
fields  to  destroy  insect  pests  are  matters  that  in  some  of  the  foreign 
countries  are  being  prescribed  and  enforced  by  Government  regula- 
tions. For  example,  the  State  domains  in  Eg^^pt  are  utilized  for  the 
production  of  select  seed  which  is  distributed  to  the  growers.  In  the 
silk  industry  of  Japan  all  of  the  producers  are  supplied  every  year 
with  hybrid  silkworm  eggs  of  standard  quality  from  Government 
laboratories. 

Several  of  the  obstacles  that  stand  in  the  way  of  a  general  im- 
provement of  quality  in  the  American  cotton  crop  have  been 
summarized  in  a  recent  publication  {££). 

PRECAUTIONS    COMMONLY   OVERLOOKED 

In  the  absence  of  a  scientific  understanding  of  the  principles  of 
selection  and  of  the  precautions  that  are  necessary,  most  of  the  cotton 
growers  are  without  any  basis  of  practical  judgment  regarding  the 
values  of  seed  stocks  and  are  frequently  misled  by  newspaper  reports 
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or  statements  of  advertisers.  In  order  to  maintain  good  stocks  of 
seed,  continued  selection,  roguing,  and  testing  of  progenies  and  in- 
creased stocks  are  necessary,  as  well  as  complete  isolation  from  other 
varieties.  These  operations  must  take  account  not  onh^  of  numerous 
characters  or  differences  among  the  plants  but  also  of  many  facts 
of  other  kinds  which  may  determine  success  or  failure  in  this  field  of 
work.  The  objects  to  be  attained,  the  material  to  be  emplo^'ed,  the 
conditions  required,  the  methods  to  be  followed,  and  the  ways  of 
utilizing  the  results  all  need  to  be  considered  carefully. 

Some  of  the  difficulties  in  maintaining  varieties  of  cotton  un- 
doubtedly are  due  to  the  failure  to  distinguish  between  different 
methods  or  systems  of  selection  that  have  been  applied.  Distinctions 
are  drawn  by  many  writers  between  mass  selection  and  individual 
selection,  but  the  analysis  of  the  problem  must  be  carried  further  in 
order  to  reach  a  clear  understanding  of  the  facts,  as  developed  in  the 
breeding  of  cotton.  Other  forms  or  systems  of  selection  may  be 
recognized,  which  will  facilitate  the  study  of  the  breeding  problems. 
A  wide  range  of  selective  treatments  is  possible,  from  weeding  out 
only  the  worst  plants  to  saving  only  the  best.  Also,  it  is  possible  by 
way  of  error  to  discard  the  best  type  from  a  variety  and  to  turn  the 
course  of  selection  to  a  defective  or  mediocre  stock. 

The  name  "  type  selection  "  has  been  used  for  a  breeding  method 
which  is  being  applied  to  varieties  of  cotton,  and  especially  to  Acala, 
a  variety  grown  extensively  in  organized  communities  of  California 
and  the  Southwestern  States.  In  some  of  the  irrigated  valleys  whole 
communities  or  districts  have  adopted  the  plan  of  growing  only  one 
variety  of  cotton,  so  that  the  usual  mixing  and  mongrelizing  of  seed 
stocks  are  avoided  and  an  extensive  production  of  pure  seed  is  made 
possible. 

In  an  organized  community  all  the  farmers  can  be  supplied  with 
seed  of  the  same  quality.  This  is  a  radical  change  from  the  coiulition 
that  exists  in  unorganized  communities,  where  each  farmer  feels  at 
liberty  to  exercise  his  own  preference  or  fancy  in  trying  new  kinds 
of  cotton  or  in  continuing  to  plant  the  local  "  gin-run  "  seed.  Under 
the  usual  conditions  of  production  the  local  stocks  of  seed  are  mixed 
by  the  machinery  of  the  public  gins,  and  phints  of  the  different 
varieties  are  cross-pollinated  in  the  fields. 

The  practical  conclusion  reached  tlirough  the  study  of  breeding 
problems  is  that  seed  improvement  in  the  cotton  inchistry  shouhl  be 
essentially  a  connnunity  undertaking.  Witliout  the  coopeintioii  of 
his  neighbors,  the  individual  farmer  seldom  is  able  to  keep  up  a 
pure  stock  seed,  even  for  a  few  seasons.  The  biological  problems 
of  nuiintaining  varieties  attain  a  ncAV  importance  when  it  is  recog- 
nized that  a  system  of  ade(|uate  utilization  of  superior  types  can  be 
developed  through  comnmnity  ])roduction  (^,  76',  24i  30). 

SELECTION    TO    MAINTAIN    ADAPTATION 

The  assumption  lias  been  in  the  )iast  that  only  a  narrow  laiige  of 
adaptation  was  p()ssil)le  with  xarielies  of  cotton,  soi  tliat  a  large  num- 
ber of  varieties  was  supposed  to  be  needed  to  meet  the  great  diversity 
of  soils  and  climatic  conflitions  icpi-csented  in  the  Aniei'ican  Cottou 
Belt.  It  now  iippears  that  less  contidence  should  be  placed  in  this 
idea  of  close  adaptation.     Many  test  plantings  have  been  made  of  the 
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same  series  of  varieties  in  diiferent  regions,  which  leave  no  douht 
that  it  is  possible  for  the  same  variety  to  thrive  and  fructify 
under  a  wide  range  of  conditions.  Such  tests  have  included  several 
new  varieties  of  upland  cotton  that  were  introduced  from  Mexico  and 
Central  America  during  the  period  of  the  boll-weevil  invasion  and 
tested  in  different  parts  of  the  country  to  determine  their  behavior.  A 
notable  extent  of  adaptation  to  different  conditions  has  been  shown 
in  the  Durango  and  Acala  varieties  in  most  of  the  cotton-growing 
regions  of  the  United  States.  Not  only  were  they  found  to  be  dis- 
tinctly better  adapted  to  the  conditions  of  the  irrigated  A'alleys  of 
the  Southwest  than  eastern  or  Texas  varieties,  but  also  they  gave 
excellent  results  luider  eastern  conditions.  The  wider  adaptation  is 
significant  as  indicating  that  the  present  multiplicity  of  varieties 
is  unnecessary. 

If  the  same  biological  type  can  be  retained  with  the  same  complex 
of  characters,  the  adaptative  qualifications  of  the  stock  should  remain 
unimpaired  and  be  capable  of  extensive  utilization.  By  virtue  of  its 
adaptative  qualifications  the  same  biological  type,  if  grow^n  under 
different  conditions,  will  show  different  characters,  so  that  the  same 
formal  standards  of  recognition  are  not  properly  to  be  applied  under 
all  conditions.  The  conception  of  a  biological  type  is  to  be  dis- 
tinguished from  that  of  a  formal  complex  of  characters.  If  at- 
tempts are  made  to  apply  the  same  formal  standards  under  all  con- 
ditions, it  is  probable  that  mistakes  will  be  made  in  selection  and 
will  result  in  a  loss  of  the  original  biological  type  through  shifting 
to  a  variant  form.  The  danger  of  such  unconscious  shifting  and 
substitution  of  types  is  indicated  not  only  by  the  nature  of  the  facts 
but  by  actual  experience  in  cotton  breeding. 

Writers  on  heredity  often  refer  to  ""  merely  fluctuating  differences  *' 
as  of  no  significance,  but  characters  that  are  readily  adjustable  to 
conditions  are  not,  for  that  reason,  to  be  considered  as  less  hereditary 
than  characters  that  are  not  adjustable.  The  different  degrees  of 
adjustability  of  such  characters  may  be  very  important  from  the 
standpoint  of  production,  and  the  breeding  experiments  obviously 
must  take  practical  account  of  the  adjustment  of  the  characters  and 
range  of  adjustment  to  environmental  conditions.  Selection  is  not 
made  most  effectively^  unless  the  conditions  are  such  as  to  test  the 
environmental  relation  and  allow  the  deficiencies  of  less  vigorous 
plants  or  lines  of  descent  to  be  recognized.  Choice  of  the  conditions 
of  selection  and  of  the  places  where  the  work  of  selection  can  be  done 
to  tlie  best  advantage  should  be  recognized  as  a  part  of  the  practical 
breeding  problem. 

The  requirement  to  be  faced  more  definitely  in  breeding  opera- 
tions is  to  retain  the  adaptability  of  a  variety.  Not  only  uniformity 
but  also  productiveness  is  necessary  and  this  includes  the  ability  to 
behave  normally  under  varied  conditions.  Even  in  cultivation  in  a 
single  locality,  a  variety  is  exposed  to  a  w^ide  range  of  conditions 
during  the  growing  season.  Changes  of  moisture,  temj^ei-ature,  and 
day-length  conditions  are  generally  to  be  met.  In  the  southwestern 
irrigated  valleys  the  soil  and  weathei-  conditions  are  especially  varied, 
so  that  a  variety  wliich  proves  to  be  generally  ada])ted  to  the  irri- 
gated districts  may  also  be  of  use  in  other  parts  of  the  Cotton  Belt. 
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A  wider  use  of  the  best  varieties  and  a  reduction  of  the  number  of 
varieties  in  use  would  be  of  general  advantage  in  the  production  of 
cotton,  as  tending  to  increase  the  available  quantities  of  uniform 
liber.  Also  the  use  of  the  same  variety  in  diti'erent  regions  of  pro- 
duction makes  possible  replacement  of  seed  stocks.  The  possibilities 
of  such  replacement  need  to  be  considered,  not  because  the  varieties 
are  supposed  to  '*  run  out,"  but  because  in  some  districts  a  nearly 
complete  destruction  of  local  seed  stocks  may  occur  in  bad  seasons, 
either  as  a  result  of  adverse  weather  conditions  or  through  heavy 
infestation  of  boll  weevils  or  other  insect  pests.  Floods,  droughts, 
and  untimely  frosts  may  affect  wide  areas,  and  all  of  the  good  stocks 
of  planting  seed  may  be  lost  or  badly  depleted.  Unless  other  supplies 
of  good  seed  are  then  available,  resort  may  be  made  to  inferior 
stocks  for  replanting,  so  that  the  effects  of  such  disasters  are  carried 
into  other  seasons. 

Though  most  of  the  data  given  in  tiiis  publication  are  drawn 
from  the  study  of  Acala  cotton,  the  methods  and  precautions  indi- 
cated b}'  experience  with  this  variety  undoubtedly  are  applicable 
to  other  varieties  and  are  equally  necessary  for  maintaining  the  pro- 
ductiveness and  uniformity  of  the  seed  stocks.  The  more  exten- 
sively a  variety  is  used,  the  more  important  is  the  problem  of  pre- 
serving the  essential  characters.  The  Acala  stock  undoubtedly  could 
be  split  into  many  local  varieties,  as  other  stocks  of  upland  cotton 
have  been,  but  this  seems  less  desirable  than  the  preservation  of  such 
a  stock  in  a  condition  of  general  adaptation,  so  that  it  can  be  utilized 
over  a  wider  range  of  conditions. 

The  Acala  variety  w^as  discovered  in  southern  Mexico  and  accli- 
matized in  Texas,  where  it  soon  became  popular,  but  the  usual  mixing 
with  other  varieties  took  place,  and  the  seed  stocks  were  allowed  to 
deteriorate,  so  that  in  a  few  years  the  buyers  refused  to  pay  prem- 
iums and  the  growers  were  disappointed.  At  that  stage  the  variety 
might  have  been  discarded  completely  if  it  had  not  been  adopted  in 
some  of  the  irrigated  districts  of  the  Southwestern  States.  One- 
variety  communities  for  Acala  cotton  were  established,  which  made 
it  possible  for  the  seed  to  be  kept  pure.  "With  sup])lies  of  pure  seed 
available,  the  use  of  the  A^ariety  extended  later  to  all  of  the  irrigated 
valleys.  Nearly  900,000  acres  of  cotton  were  planted  in  the  irrigated 
valleys  in  1929,  and  a  large  proportion  of  this  was  Acala. 

Though  not  confined  to  the  irrigated  districts,  the  Acala  cotton 
in  several  respects  is  better  adapted  to  southwestern  conditions  than 
any  of  the  upland  varieties  that  have  been  brought  from  the  eastern 
Cotton  I^elt.  In  many  formal  tests  it  has  been  more  productive  than 
the  Texas  big-boll  varieties,  such  as  Mebane  and  Lone  Star.  Also  the 
fiber  is  superior  and  has  sold  at  a  premium  over  ordinary  short-staple 
cotton.  The  characters  and  history  of  the  varietv  were  given  in  a 
recent  publication,  which  also  ccmtains  a  brief  reference  to  the  plan 
of  type  selection  {■^■^). 

The  larger  series  of  experiments  in  different  regions  undoubtedly 
will  be  necessary  to  determine  the  extent  of  the  practical  a])plications 
Dial  may  be  exp<'('ted  from  tlie  use  of  the  type-selection  method  here 
indicated.  It  is  believed  that  the  features  already  observed  in  breed- 
ing Acala  and  other  varieties  of  cotton  afforil  sufficient  reason  for 
making  such  experiments,  as  well  as  for  calling  the  attention  of 
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breeders  to  some  of  the  new  aspects  of  the  breeding  problems.  From 
the  nature  of  the  work,  effective  cooperation  of  investigators  and 
practical  breeders  will  be  needed  in  the  further  development  and 
use  of  the  type  method. 

NATURE  AND   EFFECTS  OF  SELECTION 

The  functions  of  selec<5on  are  commonly  misunderstood  and  pre- 
sent critical  questions  in  the  field  of  breeding.  The  arguments  and 
controversies  regarding  natural  selection  and  evolution  undoubtedly 
have  tended  to  obscure  thought  in  practical  breeding  work,  where 
clearness  is  essential.  Many  writers  refer  to  selection  as  though  it 
were  "  an  agency,  capable  of  producing  continuous  and  progressive 
racial  changes  "  '\  but  this  general  idea  of  an  active  power  of  changing 
characters,  though  forming  the  background  of  many  discussions  of 
selection,  often  proves  misleading.  The  biological  facts  of  selection 
need  to  be  separated  from  the  philosophical  inferences. 

Darwin's  theory  of  selection  as  an  agency  for  changing  the  charac- 
ters of  species  was  based  on  the  assumption  of  blended  inheritance, 
which  has  largely  given  place  to  the  recognition  of  alternative  in- 
heritance, as  shown  by  Mendelism.  Even  under  the  Darwinian 
theory,  the  effect  as  credited  to  selection  was  to  preserve  new  varia- 
tions from  extinction,  rather  than  to  change  the  characters.  The 
idea  that  selection  created  the  characters  and  caused  evolution  to  take 
place  was  not  a  necessary  inference  from  the  biological  facts,  though 
many  of  the  earlier  statements  by  Darwin,  Huxley,  and  Wallace  were 
misleading  to  philosophers  and  religious  writers.  It  seemed  a  logical 
inference  from  Darwinism  that  evolution  was  merely  an  effect  of 
environmental  conditions,  working  through  natural  selection,  and 
from  such  a  generalization  it  was  easily  inferred  tha,t  artificial  selec- 
tion could  produce  any  desired  changes  in  domestic  breeds  and 
varieties.  Such  misunderstandings  not  only  have  led  to  controversy 
but  have  interfered  seriously  with  the  extension  of  popular  know- 
ledge, regarding  heredity  and  breeding  (5). 

Selection  is  a  sifting  process,  not  a  mending  or  a  making.  By 
being  rid  of  the  poor  plants  we  have  more  good  ones.  If  all  the 
plants  are  good  the  object  of  selection  is  fully  attained.  The  breeder 
works  entirely  by  elimination,  his  only  direct  action  being  upon  the 
plants  that  are  rejected  and  destroyed.  The  plants  that  are  retained 
are  not  altered  but  merely  allowed  to  reproduce. 

A  group  effect  of  selection  can  be  claimed,  but«not  an  individual  effect 
as  involved  in  changing  a  character.  The  species  is  changed,  or  the 
crop  is  improved  in  the  sense  that  averages  of  certain  qualities  are 
raised.  The  group  improvement  is  accomplished  not  by  altering  any 
of  the  characters  but  by  substituting  a  different  population  through 
control  of  parentage.  The  expression  "  improvement  by  selection  " 
may  be  used  as  a  figure  of  speech,  but  "  improvement  through 
selection  "  accords  better  with  the  facts. 

Selection  readily  becomes  an  agency  of  deterioration  if  wrongly 
applied.  Grave  injury  may  be  done  to  a  stock  of  plants  by  adverse 
selection.  Though  the  breeder  always  looks  for  the  best  individuals, 
the  course  of  selection  must  be  chosen  with  caution,  since'  even  in 
careful  breeding  work  there  is  always  the  possibility  of  selecting  and 
propagating  from  individuals  that  appear  to  be  good  because  they 
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liave  features  that  are  specially  desired,  but  that  later  may  be  found 
lackinof  in  other  essentials.  Not  only  orood  characters  but  full  com- 
binations of  <rood  characters  must  l)e  sou^rlit  and  maintained.  The 
favoi'able  effe<'ts  of  bieedin<z  from  better  individuals  are  i-eveised. 
and  the  <rroii|)  is  im})aired  rapidly  by  breedinj^  from  mediocr*'  oi- 
inferior  individuals. 

Selection  may  be  ap[)lied  in  the  liope  of  continually  improvin<r  a 
variety,  without  being  considered  as  a  means  of  maintainino;  the 
vai'iety.  The  idea  of  continued  improvement  no  doubt  is  responsible 
to  a  considerable  extent  for  the  failure  to  preserve  varieties.  A  con- 
tinual succession  of  improvements  is  expected  by  believers  in  selec- 
tion, while  selection  may  be  disregarded  by  those  who  believe  in  the 
stability  of  ""  pure  lines."  In  either  case  the  value  of  a  superior  type 
is  not  fully  appreciated,  and  the  attention  necessary  to  preserve  a 
superior  type  may  be  neglected. 

A  clear  separation  of  the  different  purposes  or  functions  of  selec- 
tion may  not  have  appeared  necessary  in  tlie  past  but  now  is  in  order, 
because  in  recent  years  many  biologists  have  accepted  the  idea  of 
Johannsen  that  selection  as  an  agency  of  improvement  ceases  to 
have  any  effect  as  soon  as  the  condition  of  a  uniform  pure  line  is 
attained.  Some  writers  have  believed  that  there  are  unit  characters 
which  are  incapable  of  variation,  while  others  have  admitted  slighi 
changes  of  characters  which  might  be  preserved  and  increased  in 
successive  generations.  In  recent  years  many  instances  of  gene 
mutation  have  been  reported. 

Selecting  to  maintain  a  variety  is  a  different  operation  from  what 
majr  be  expected  if  the  breeder  is  holding  to  the  idea  of  continued 
improvement  of  a  variety.  As  long  as  improvement  is  considered 
the  primary  object,  the  search  is  more  likely  to  lead  to  the  selection 
of  off-type  plants,  so  that  the  type  is  changed  instead  of  being  pre- 
served. It  is  certain  that  most  of  the  deviations  from  a  type  are 
riot  in  the  nature  of  improvements,  though  a  few  may  present  desii- 
able  characters.  All  the  deviations  need  to  be  rejected,  or  at  least 
separated  and  tested,  instead  of  being  substituted  casually  for  the 
normal  type  of  the  variety. 

For  purposes  of  practical  breeding  it  probably  is  desirable  to 
discard,  or  at  least  to  suspend,  the  idea  of  continued  improvement  of 
varieties  in  order  to  avoid  the  mi.sleading  im})lication  that  changes 
of  characters  are  to  be  exi:)ected  as  a  result  of  selection.  There  is  no 
way  to  exclude  or  to  set  a  limit  to  the  })ossibility  that  desirable  varia- 
tions may  occur  which'will  further  enhance  the  value  of  a  select  type. 
The  search  for  such  variations  may  be  continued,  but  they  need  not 
be  thought  of  as  products  of  selection,  in  the  sense  of  supjiosing  that 
selection  causes  the  variations  to  appear.  From  the  nature  of  selec- 
tion, the  differences  must  arise  in  advance  in  order  to  be  recognized 
and  pi-eserved  by  tlie  breeder.  The  type  nuiy  not  be  improved  by 
continued  selection,  but  selection  nuist  be  maintained  to  keej)  the 
stock  from  deteriorating.  Such  .selection  may  be  consideretl  as  an 
intensive  roguing  process  to  prevent  deterioration  of  the  type.  The 
object  of  ordinary  )'ogning  is  to  eliminate  degenerate  mutations 
before  they  can  contaminate  a  seed  stock,  while  the  object  of  type 
selection  is  to  avoid  even  those  forms  of  weakni'ss  or  degeneracy 
which  are.  not  readily  percejitible,  and  which  may  be  detected  only 
l)y  careful  coiM|)arison  and  disci'inunat  ion. 


COTTOK   IMPROVEMENT   THROUGH   TYPE   SELECTION  9 

BREEDING   FOR   NOVELTIES 

Breeders  are  attracted  by  novelties  and  often  overlook  the  need 
of  uniformity  or  other  essential  features;  they  also  frequently 
change  their  basis  of  selection  from  season  to  season.  Some  varieties 
have  been  altered  completely  within  a  few  3'ears  because  the  breeder 
slipped  from  one  type  to  another,  sometimes  intentionally  but  often 
unconsciously.  Though  the  dealer  may  continue  to  furnish  seed 
under  the  same  vai'ietal  name,  the  plants  of  the  two  stocks  may 
ai)pear  entirely  difl'erent  Avhen  raised  in  adjoining  rows.  For  prac- 
tical jnirposes  it  is  obviously  more  important  to  maintain  a  superior 
variety  which  may  continue  in  use  for  a  period  of  years  than  to 
develop  a  succession  of  shoi-t-lived  varieties  or  strains,  as  the  custom 
has  been  in  the  cotton  industry.  Many  varieties  are  current  for  only 
a  few  years  and  pass  out  of  use  too  rapidly  for  their  true  values  to 
be  determined,  as  this  requires  several  seasons  and  many  tests  in 
different  regions. 

Lint  percentages  and  individual  plant  yields  are  features  to  which 
attention  often  is  directed  almost  exclusively,  to  the  neglect  of  other 
characters  of  equal  or  greater  importance  from  the  standpoint  of 
production.  INIany  intelligent  farmers  believe  that  seed  should  be 
saved  only  from  5-lock  bolls,  wdiile  others  are  willing  to  pay  fancy 
jn-ices  for  seed  from  a  high-yielding  field  with  little  regard  to  quality 
or  mixture  with  other  varieties. 

JNIany  varieties  have  been  developed  fron.i  plants  with  defective 
fruiting  branches,  defective  bolls,  or  even  defective  fiber  characters. 
The  cluster  varieties  have  the  fruiting  branches  abnormally  shortened 
and  give  an  impression  of  fruitfulness,  as  the  bolls  are  crow^ded 
together  and  show-  large  masses  of  wdiite  cotton  at  harvest  time:  but 
cluster  plants  are  often  sterile,  and  no  consistently  productive  cluster 
varieties  have  been  developed.  The  clustered  bolls  are  more  difficult 
to  pick,  and  the  points  of  the  divisions  of  the  bolls  are  not  well 
separated,  so  that  the  fingers  of  the  pickers  are  more  likely  to  suffer. 
Also  more  trash  is  likely  to  be  picked  w4th  the  cotton  and  the  com- 
mercial grade  lowered. 

The  breeder's  psychology  usually  is  very  susceptible  to  the  attrac- 
tion of  any  feature  that  he  may  happen  to  notice  on  a  plant  that  is 
larger  or  more  productive  than  its  neighbors,  though  the  difference 
in  size  or  yield  may  be  only  accidental.  For  instance,  it  may  strike 
a  b)-eeder's  fancy  to  select  a  plant  that  shows  the  first  open  boll,  even 
without  considering  any  other  characters.  New  varieties  in  many 
cases  are  selected,  advertised,  and  placed  on  the  market  solely  on 
account  of  some  slight  peculiarity  that  serves  as  a  ""talking  point," 
to  furnish  the  breeder  with  a  reason,  or  at  least  an  argument,  for 
introducing  this  new  stock.  Thus  an  abnormal  form  of  boll  with 
open  sutures  at  the  tip  was  selected  a  few  years  ago  by  a  private 
breeder  to  develop  an  "  improved  "  Acala  cotton. 

The  nature  of  the  abnormalities  often  favored  by  breeders  may  be 
mulerstood  by  referring  to  the  plates.  Normal  forms  of  bolls  in 
Acala  and  Durango  cotton  are  shown  in  Plates  1  to  14  and  boll 
abuoinialities  of  >Vcala  cotton  in  Plates  15  to  19.  The  selection  used 
by  the  private  breeder  is  shown  in  Plate  18. 
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Careful  comparison  with  a  goocl  stock  of  the  original  variety  is 
seldom  considered  necessary  by  breeders  of  novelties,  which  often 
are  j)laced  on  the  market  Avithin  a  few  seasons  after  the  "  discovery  " 
is  made  of  a  productive  plant  with  a  peculiar  character.  Seed 
growers  choose  a  good  field  in  order  to  increase  a  new  stock  as  rapidly 
as  possible,  without  waiting  to  determine  whether  it  really  is  better 
than  the  parent  variety.  Many  such  novelties  are  compared  with 
older  varieties  at  the  State  experiment  stations,  and  in  the  great 
majority  of  cases  no  indications  of  superiority  are  found. 

Errors  by  cotton  breeders  may  be  very  costly  to  the  producers,  and 
every  means  of  avoiding  them  should  be  applied,  both  in  relation  to 
the  characters  selected  and  to  the  methods  of  conducting  the  breeding 
operations.  The  precautions  that  really  are  necessary  to  maintain 
good  stocks  of  seed  are  generally  overlooked  in  the  effort  to  supply 
the  popular  demand,  which  such  advertising  indirectly  creates,  for 
wonderful  new  kinds  of  cotton.  Although  it  is  far  from  the  miiid  of 
the  breeder  to  develop  an  inferior  variety,  yet  this  undoubtedly  has 
been  done  very  often  in  the  field  of  cotton  breeding. 

The  assumption  usually  is  made  that  a  selection  from  Acala  or 
from  any  superior  stock  will  have  the  good  characters  of  tlie  par- 
ent variety,  plus  any  special  feature  that  the  breeder  may  have 
fancied  in  a  plant  that  has  varied  from  the  stock.  In  other  words 
it  is  assumed  that  variations  in  single  characters  occur  frequently 
and  can  be  picked  out  and  increased  for  production  without  needing 
to  be  compared  and  tested  anew  in  order  to  determine  their  adap^ 
tations  to  different  conditions. 

It  is  seen  from  experience  given  in  this  bulletin  that  such  confi- 
dence in  the  value  of  new  selections,  even  Avhen  made  from  the  best 
varieties,  is  not  warranted.  Careful  tests  are  required  in  each  case 
where  an  individual  selection  is  separated  from  an  established  pure- 
bred stock.  Not  only  have  all  of  the  i-QCognized  departures  from 
the  type  to  be  tested,  but  unrecognized  departures  from  the  type 
must  be  carefully  avoided. 

LIMITATIONS   OF   THE    PURE-LINE   THEORY 

The  functions  of  selection  in  maintaining  varieties  have  not  been 
appreciated,  because  many  writers  on  plant  breeding  have  assumed 
that  seed  stocks  may  be  brought  to  a  pure-line  condition  of  complete 
uniformity  and  that  such  a  condition,  once  attained,  will  continue 
indefinitely  if  no  mixing  of  seed  or  crossing  with  other  varieties  takes 
place.  All  that  seems  necessary,  from  that  viewpoint,  is  to  isolate 
a  pure  stock,  which  then  is  expected  to  remain  uniform  without 
further  attention.  The  problems  of  cotton  breeding  thus  appear 
greatly  simplified,  as  is  shown  in  the  following  paragraph  from  a 
current  textbook  (2,  j).  393-394)  • 

nrrrdiiH/  rof t on. —The  most  valujiltle  parts  of  tlie  cotton  plant  are  long  silky 
Jiairs  attached  to  tlie  seeds  inside  the  cotton  "  boll "  or  seed  pod.  These  hairs 
vary  in  number,  length,  and  strength.  It  is  desirable  for  most  puri)oses  (e.  g., 
aniomobilc  tire  casings)  to  have  thorn  as  long,  strong,  and  flexible  as  possible. 
<'(ttt(in  HI  nature  readily  crosses,  so  tlial  pure  seed  can  be  i)ro(hice(l  only  by 
guarding  against  cross-pullinatidu.  The  method  of  accomplishing  this  is  both 
uni(|ue  and  effective,  in  certain  isolated  valleys  of  the  aiid  soutlnveslern 
United  States  cotton  can  be  grown  by  irrigation  and  can  easily  be  kept  pure 
rirovided  only  one  variety  is  grown  in  (•:i<'li  valley,     (^.rowers  in  a  valley  agree 
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Plate  1 


AcALA  Type  Bolls 
Typical  forms  of  bolls  and  involucral  bracts  at  Indio,  Calif.,  October,  192L     (Natural  size.) 
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Plate  2 


AcALA  Type  Variations 
riuctiiiitions  of  itiilividuiil  Ixill  foriiw  on  plaiils  of  iioriiiiil  Aciila  tyjie  :it  Iiidio.  r;ilif.,  Novctnlior  23, 


]!»2."i.    The  throe  upper  bolls  are  from  ouo  iihiiil,  Uio  lower  bolls  from  another  phuit. 
size.) 


(Natural 
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Plate  3 


AcALA  Type  Bolls  from  New  Mexico 

Shape  of  normal  bolls  in  Indio  selection  of  Acala,  grown  at  the  New  Mexico  College  of  Agriculture, 
October,  1920.  The  outline  is  more  sloping  above  and  less  rounded  at  the  base  than  in  the  bolls 
grown  at  Indio.    See  Plates  1  and  2.     (Natural  size.) 
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Plate  4 


ACALA    LATE-SEASON    BOLLS 

Bronrlcr  forms  of  bolls,  more  (lattcncfl  iindcrneath,  nre  produced  l.ntc  in  the  ."lenson.  Comimre  with 
Plato  '.i,  .showing  hnlls  of  tlio  same  iilaiits  devclopecl  earlier  in  the  .season  and  sliowinj:  more  oval 
forin.s.  Also  comi)aro  with  I'lalo.';.  sliowini;  Diiran^'o  bulls  i)ro<iiieed  in  the.sanic  locality.  (New 
Me.\ico  Collego  of  Agriculture,  State  College,  N.  Me.\.)     (Nearly  natural  size.) 
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Plate  5 


DuRANGO  Cotton  Bolls 


Grown  at  the  New  Mexico  College  of  Afrriculture.  These  show  close  similarity  to  the  Acala  bolls 
grown  in  the  same  locality,  Plate  4.  Also  to  the  variations  of  the  Acala  bolls  grown  in  California, 
Plate  2.     (Nearly  natural  size.) 
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PLATE   6 


ACALA  Type  Bolls  from  North  Carolina 

Acnla  bolls  prown  nrnr  Kayetlevillc,  N.  (".,  in  I02r..    Tlio  (wo  iiiijirr  Imlls  arc  of  I  ho  oval  normal  typo 
and  the  ttirco  lower  ones  a  local  Acala selection  with  blunt  tip  and  flat  base.    (Nearly  natural  size.) 
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PUATE   7 


Forms  of  Bolls  of  Acala  Cotton 

Boll.s  from  several  plants  of  Indio  (Calif.)  selection,  grown  at  Fayetteville,  N.  C,  sliowing  the  much 
broader  forms  cf  bolls,  in  comparison  with  the  same  stock  grown  at  James  Island,  S.  C,  shown  in 
Plate  9.    (Photographed  August  13,  1927.    Nearly  natural  size.) 
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Plate  8 


AcALA  Type  Bolls  from  South  Carolina 

Bolls,  involiicral  bracts,  and  calyx  of  Acala  coKon,  ])lio1oKra|>lu>ii  at  .Tamos  Island,  S.  C,  in  Anmist, 
Will.  Coinparo  with  I'lato  10,  showing  the  narrow  .Vcala  bolls  i)ro(luce(l  at  James  Island  in  l'J27. 
(Nearly  natural  size.) 
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Plate  9 


Forms  of  Acala  Bolls 

Bolls  from  three  plants  of  Indio  (Calif.)  selection,  grown  at  James  Island,  S.  C,  showing  the  narrow 
form  of  bolls.  Compare  with  the  same  stock  grown  near  Fayetteville,  N.  C,  and  at  the  New 
Mexico  College  of  Agriculture,  Plates  3  and  4.  (Photographed  August  27,  1927.  Nearly  natural 
size.) 
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Plate  10 


Forms  of  Acala  Bolls 

Bolls"  from  tlirco  plants  of  Plinftpr  (Calif.)  srlocllnn,  urowii  at,  .Tames  Island.  P.  C,  showinp  narrow 
form  of  bolls  in  comiiarii'.oii  with  I'lalo  11,  which  shows  the  same  stodc  grown  at  Shaft er,  Calif.,  in 
the  .same  season.     (I'liolograi)hed  August  17,  V.>27.    Noarlv  natural  size.) 
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PLATE    1  1 


1 


ACALA  Type  Bouls  from  Arizona 

Acala  bolls  grown  in  the  Gila  Valley  nf  Arizona  in  1924  from  Indio  (Calif.)  seed.  The  upper  two  are 
typical;  the  lower  three  are  from  a  ditTerent  plant  and  are  slightly  broader  and  flatter  at  the  base; 
also  the  surface  is  more  remotely  pitted.     (Nearly  natural  size.) 
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Plate  12 


Divergent  Boll  Form  from  Arizona 

Bolls  of  nn  off-type  scmklusfcr  i)lant  Rrown  in  tlie  Oila  Valley  of  Arizona  in  ](I21.  Comparo  with  tlio 
typical  boll  f jrnis  i-howii  in  I'lates  1  and  11;  also  to  show  the  range  of  boll  forms  and  surface  sculp- 
ture on  the  same  plant.     (Nearly  natural  size.) 
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PLATE    13 


Divergent  Bolu  Forms  from  Arizona 

Bolls  from  olT-type  plants  in  the  Gila  Valloy  of  Arizona,  1924.  Coniparo  with  typical  holls  shown 
in  Plate  11.  The  upper  five  holls  are  from  the  same  plant.  The  side  bolls  below  are  from  a 
different  plant,  scarcely  beyond  the  range  of  the  type.  The  smaller  boll  at  the  bottom  is  from 
a  normal  plant.     (Nearly  natural  size.) 
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Plate  14 


ni-- 


Variation  in  Acala  Bolls 

DifTrront  forms  of  hulls  in  tlip  Pliaftcr  (Calif.)  scleclinn,  crown  ;it  StwftiT  in  1927.  Tlioro  aro  many 
bolls  of  tills  slock  with  more  Iriatiniilar  outlines  than  in  the  .scli'clicin  with  tvpical  holls  <lcvi'loi)oil 
at  Indio,  Calif.  Coiiiparc  J'latcs  I  and  2.  (I'liotoKraphcil  DcccmtHT  ]2,"iy27.  Nearly  natural 
size.) 
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Plate  15 


AcALA  Off-type  Bolls 

Definite  departures  from  the  normal  Acala  boll  type  in  the  Shaffer  (Calif.)  selection  in  1928.    Each 
pair  of  bolls  is  from  the  same  plant,  showing  the  range  of  individual  boll  variation.    (Natural  size.) 
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Plate  16 


Off-type  Boll  Forms 

Hangc  of  boll  forms  in  a  selection  of  Acala  cotton  at  Shaftor,  Calif.,  in  1028.  Koto,  tho  p'lu'rnl 
tendency  to  pyninii.liil  form  vvitli  sloping  .shoiiUlers  and  Mat  base,  in  contrast  with  a  few  l.nlls  of 
normal  form  with  roiinde.i  shoulders  and  base.     (About  one-third  natural  size.) 
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Plate  17 


Bolus  of  an  Acala  Rogue 

A  plant  with  small  blunt-tipped  round  bolls  found  in  a  field  of  normal  Acala  cotton  near  Las 
Cruoes.  N.  Mex.,  October,  1926.  Compare  with  normal  bolls  of  Acala,  Plate  3,  from  the  same 
district  in  the  same  season.    (Xearly  natural  size.) 
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Plate  1i 


Selection  of  Abnormal  Acala  Cotton  Bolls 

A  variation  of  Aoala  bolls  with  tlio  carpels  not  iiiiitiMl  at,  tlio  ond.s.  a.s  shown  hy  the  <\cop  jiroovos. 
This  variation  was  used  by  a  iirivati-  lirci'dir  to  fdrin  a  new  varict v.  (Las  Criicos,  N.  Mc.x.,  1926. 
Nearly  natural  size.) 
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Plate  19 


Abnormal  Bolls  with  Sutural  Grooves 

Variations  in  boll  characters  in  a  degenerate  hybrid  plant,  showing  pronounced  examples  of  sutural 
grooves,  in  some  cases  extending  the  entire  length  of  the  bolls.  Compare  with  Plate  18.  (Nearly 
natural  size.) 


COTTON    IMPROVEMENT    THROUGH    TYPE   SELECTION  H 

on  a  certain  strain  and  then  prevent  by  law  tlie  plantina:  of  any  other  kind. 
Selection  for  improved  seed  is  then  made  in  isolated  breeding  places  until  a 
suitable  variety  lias  been  secured,  and  then  only  pure  seed  is  sown  in  the 
valley.    It  remains  pure  merely  because  it  has  no  chance  to  cross. 

Many  writers  assume  that  species  in  nature  are  composed  of  uni- 
form individuals  and  that  diversity  is  due  to  hybridism  or  crossing 
with  other  species.  Hence  the  inference  is  drawn  that  uniformity  is 
a  natural  state  of  heredity  and  that  the  reproduction  of  uniform 
individuals  will  continue  after  a  stock  is  purified  from  the  results 
of  crossing  and  then  kept  isolated.  The  mixing  of  different  types 
undoubtedly  is  one  of  the  causes  of  diversity  and  abnormality,  while 
uniformity  arid  stability  of  characters  are  sought  at  the  opposite 
extreme  by  analysis  of  select  groups  into  pure  lines.  The  study  of 
definitely  contrasted  characters  in  Mendelian  hybrids  no  doubt  has 
tended  to  establish  a  belief  in  pure  lines  as  a  stable  condition  of 
heredity. 

Following  this  course  of  reasoning,  an  advantage  may  be  expected 
from  the  repeated  separation  of  a  stock  into  individual  lines  of 
descent,  as  a  continued  approach  to  the  ideal  conditions  of^  a  pure 
and  stable  heredity.  The  tendency  of  the  theory  is  to  individualize 
the  lines  of  descent  as  far  as  possible,  on  the  assumption  that  this 
is  desirable  and  assures  a  more  stable  condition.  But  in  reality  no 
advantage  has  been  gained  merely  from  the  separation  of  the  lines 
of  descent  in  a  group  of  plants,  except  as  this  facilitates  selection. 
Pedigrees  are  records  of  descent,  but  other  evidences  of  superiority 
are  required  to  give  such  records  a  practical  meaning.  To  go  on 
making  separations  of  individual  lines,  after  a  state  of  apparent  uni- 
formity has  been  reached,  and  without  means  of  detern\iuing  what 
differences  may  exist,  is  open  to  serious  risk,  especially  if  the  work 
is  done  under  favorable  conditions  for  the  growth  of  the  plants. 
The  choice  of  the  best  progeny  becomes  arbitrary,  so  that  the  more 
resistant  lines  of  descent  may  be  discarded,  and  others  may.  be  pre- 
served which  have  less  resistance  to  unfavorable  conditions,  with  a 
consequent  loss  of  adaptation. 

The  facts  do  not  indicate  that  an  absolute  type  can  be  maintained 
or  will  maintain  itself  simply  by  pure-line  breeding,  with  selection 
relaxed  or  discontinued.  The  cotton  plant  affords  unusual  oppor- 
tunities for  putting  the  question  of  uniformity  or  diversity  to  a 
definite  test.  Tlie  plant  is  not  too  small  to  see  readily  nor  too  large 
to  compare  readily  in  most  of  its  parts.  Study  is  facilitated  because 
flowering  and  fruiting  of  cotton  are  continued  over  periods  of  sev- 
eral weeks  or  months,  in  contrast  with  the  many  plants  and  trees 
where  flowering  and  fruit  setting  are  limited  to  a  few  days  and  in 
many  cases  to  only  a  few  hours.  The  general  habits  of  the  plants, 
the  modes  of  branching,  and  the  large  number  of  differences  that 
may  be  recognized  in  the  leaves,  flowers,  and  bolls  are  readily  acces- 
sible to  observation,  and  even  the  lint  and  seed  characters  are  easily 
compared.  In  all  of  the  characters  that  have  received  detailed  study, 
tendencies  to  diversity  have  been  found,  even  in  stocks  that  have 
been  selected  carefully  for  many  generations. 

It  need  not  be  assumed  that  variations  occurring  in  uniform  pure- 
bred stocks  necessarily^  represent  new  characters,  since  there  are 
many  of  the  so-called  recessive  characters  which  are  inherited  with- 
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out  bein^  brought  into  expression.  Also,  many  of  tlie  differences 
that  appear  in  hj'brids  and  in  nnitations  may  be  considered  as  re- 
versions to  older  characters.  Selective  breeding  tends  to  establish 
iinifonu  expression  of  characters,  but  uniformity  is  never  al)solute. 
Even  -svith  vegetative  propagation,  vai'iation  is  not  entirely  excluded. 
Many  cases  of  bud  mutation  are  known,  and  in  some  groups  of  plants 
such  changes  are  not  infrequent.  The  crazy  top  and  other  diversity 
diseases  also  show  that  the  normal  expression  of  the  characters  may 
be  tieranged  in  man}^  ways  during  the  development  of  the  plant. 

Among  the  equivalent  structural  members  of  the  same  plant  body, 
differences  are  found  which  also  seem  to  indicate  that  heredity  is 
not  stabilized.  Not  only  is  there  a  normal  diversity  of  internode 
iu(hviduals  to  form  the  different  organs,  ac  required  in  the  develop- 
ment of  the  plant,  but  the  internodes  of  the  same  class  often  show 
slight  individual  differences  (lo). 

Diversity  instead  of  uniformity  seems  to  be  the  condition  of  all 
natural  species,  as  seen  when  sufficient  study  is  given  for  one  to  be- 
come familiar  with  their  characters.  At  least  in  the  species  and 
varieties  of  cotton  notable  diversities  are  always  to  be  found,  and  it 
has  not  been  possible  by  any  refinement  of  the  breeders'  art  to  estab- 
lish and  maintain  a  condition  of  complete  uniformity.  Even  in 
strains  that  have  been  self-fertilized  for  periods  of  years  and  have 
appeared  very  uniform,  definite  mutative  changes  of  characters  ha\e 
occurred.  It  may  be  considered  as  a  general  rule  or  law  of  heredity 
that  diversity  tends  to  recur  through  mutations  or  by  reappearance 
of  recessive  characters.  As  soon  as  selection  is  relaxed,  the  return  to 
diversity  becomes  apparent. 

EFFECTS   OF   CONTINUED    LINE    BREEDING 

It  is  conceivable  that  a  stock  propagated  for  many  generations  on 
separate  individual  lines  may  become  weak  or  unstable.  The  insta- 
bility may  be  increased  as  the  series  of  generations  is  extended. 
Selection  may  continue  to  remove  all  of  the  lines  of  descent  in  which  a 
decline  from  standards  of  the  type  has  been  shown,  either  in  external 
characters  or  in  ability  to  produce,  but  other  lines  may  then  show 
weakness.  The  evidence  of  decline  may  be  souglit  in  ])lus  and  minus 
dill'ei-ences  among  members  of  the  same  types,  as  well  as  in  characters 
that  distinguish  types  or  varieties  from  one  another.  Even  witii  no 
appreciable  clumges  in  the  external,  visible  characters,  some  mem- 
bers of  a  type  may  be  sti-onger  and  more  productive,  while  others 
lack  A'igor  or  bear  little  fruit. 

A  pedigree  is  not  to  be  taken  as  a  test  or  a  proof  of  continued 
perfornumce,  but  only  as  a  promise  or  indication  that  good  per- 
foriuaTice  is  possible.  The  highest  parental  standards  are  not  lik(>ly 
(o  be  maintained  in  all  of  the  descendants.  Even  if  selection  is 
•  •oiiliued  to  the  best  individuals,  some  of  the  offspring  are  fouml  to 
be  inferior.  Selection  has  to  be  continued  in  order  to  keej)  the  stock 
froui  being  diluted  l)y  the  progenies  of  inferior  individuals  that 
wouhl  icduce  the  yield  or  imi)air  the  (juality  of  the  product. 

I'he  greatest  and  most  obvious  effect  of  selection  is  exerted  at  the 
first  ojieration  Avhen  a  good  type  is  separated  from  a  diverse,  de- 
geneiatiug  stock.  The  more  uiiscellaneoiis  the  stock,  the  gi'eatcM-  the 
iuiproveuient   b}^  selection   ajjpears  to  be,  when  prc^genies  of  good 
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individuals  are  contrasted  with  a  tliversified  general  population. 
Notable  iin])rovenients  of  yield,  often  to  the  extent  of  20  or  30  per 
cent,  may  be  made  by  suitable  selections,  as  many  unproductive 
individuals  are  usually  to  be  found  in  mixed  gin-run  stocks.  Such 
increases  from  selection  are  not  to  be  expected  in  good  stocks  that 
are  nearer  to  a  state  of  uniformity.  The  theory  of  pure  lines  may 
be  useful  in  helping  to  avoid  unreasonable  expectations  if  the  as- 
sumption of  natural  uniformity  and  stability  can  be  avoided. 

No  doubt  the  same  extent  of  uniformity  will  not  be  attained  with 
different  plants  when  the  phenomena  are  studied  with  sufficient  care. 
As  some  writers  have  suggested,  the  pure-line  theory  may  be  more 
applicable  to  self-fertilized  plants  than  to  others.  Essential  dif- 
ferences may  be  found  in  the  modes  of  inheritance  in  the  various 
groups. 

In  u]:)land  varieties  of  cotton  the  stigma  is  much  shorter  than  in  the 
Egyptian  and  sea-island  cottons,  and  on  that  account  the  upland 
varieties  appear  to  be  less  exposed  to  crossing.  On  the  other  hand, 
greater  susceptibility  of  upland  cotton  to  fertilization  by  pollen  of 
Egyptian  cotton  appears  to  be  indicated  by  experiments  conducted  at 
Sacaton,  Ariz.,  in  1920  by  Kearney  {28,  p.  9) ,  who  makes  the  follow- 
ing statement : 

Plants  of  Pima  were  grown  isolated  in  a  plot  of  Acala  and  vice  versa,  and 
were  left  to  natural  pollination.  The  seeds  from  both  sets  of  plants  were 
planted  the  year  followiii.Li,  and  the  Acala  seeds  yielded  28  per  cent  of  hybrids 
while  the  Pima  plants  yielded  only  VI  per  cent. 

The  extent  of  crossing  between  the  two  species  no  doubt  is  influ- 
enced by  other  features  than  the  exserted  stigma.  On  accotmt  of  the 
longer  style  of  the  Egyptian  cotton  the  pollen  tubes  must  grow 
farther  to  reach  the  ovules.  The  pollen  grains  of  the  Egyptian 
cotton  are  much  larger,  and  pollen  tubes  may  grow  faster,  or  some 
other  factor  may  give  an  advantage  in  the  competition  with  the 
pollen  tubes  of  the  uj^land  cotton.  This  problem,  however,  is  distinct 
from  that  of  crossing  among  the  plants  of  the  same  variety. 

SYSTEMS  OF  SELECTION  DEFINED  AND   ILLUSTRATED 

FOUR  SYSTEMS  OF  SELECTION 

The  following  definitions  and  comparisons  may  serve  in  discrim- 
inating between  type  selection  and  other  systems : 

il/«*'6-  selection,  is  a  process  of  reproducing  from  the  better  indi- 
viduals of  a  stock.  A  separation  may  be  made  by  discarding  inferior 
individuals  or  by  assembling  good  individuals,  but  the  selected  indi- 
viduals have  different  characters,  their  progenies  are  not  kept  apart, 
and  the  resulting  population  continues  to  be  diverse,  even  after  many 
generations  of  mass  selection. 

Individual  selection  is  a  process  of  separating  superior  individuals 
and  raising  separate  progenies  from  such  individuals  to  start  new 
populations.  The  effect  is  sometimes  to  produce  uniform  stocks  and 
sometimes  diverse  stocks,  depending  on  the  characters  and  heredity 
of  the  individuals  selected. 

Progeny  selection  is  a  process  of  choice  among  progenies  raised 
from  superior  individuals,  jH'ogeny  plantings  being  used  as  the 
basis  of  comparison  and  selection,  instead  of  depending  upon  the 
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choice  of  tho  best  individual  plants.  Progeny  selection  is  more  effec- 
tive than  individual  selection,  but  may  not  result  in  uniform  stocks. 
Progenies  of  different  types  may  be  included,  or  the  type  may  be 
changed  from  year  to  year  in  an  annual  plant  like  cotton. 

Type  selection  is  a  process  in  which  the  choice  of  individuals  to 
furnish  seed  for  progeny  plantings  is  limited  to  a  single  tj^pe  of 
plant,  so  that  the  progeny  blocks  are  made  as  uniform  as  possible, 
to  the  limit  of  the  breeder's  ability  to  avoid  deviations  from  the 
type.  Also  any  variant  individuals  that  can  be  detected  are  removed 
from  progeny  blocks  and  increase  fields  as  a  means  of  maintaining 
the  uniformity  of  the  stock. 

COMPARISON  OF  SYSTEMS 

Mass  selection  is  the  simple  and  gradual  method  of  improvement 
that  no  doubt  was  followed,  consciousl}^  or  unconsciously^,  with  all 
of  the  domesticated  species  before  the  more  specialized  methods  were 
devised.  Even  among  very  primitive  people,  plants  that  attract 
favorable  attention  by  special  vigor,  productiveness,  or  equality  are 
likely  to  be  saved  for  seed  or  propagated  in  other  ways,  though 
usualh^  without  being  separated  from  each  other  or  even  from  the 
general  stock.  As  in  natural  selection,  the  poor  forms  are  handi- 
capped and  the  good  are  favored,  but  the  selections  are  not  of  the 
same  tj^'pe.  Continued  mass  selection  raises  the  average  of  a  popula- 
tion by  lessening  the  representation  of  inferior  lines  of  descent,  but 
may  not  reduce  to  any  great  extent  the  diversity  of  the  stock.  Plants 
with  inferior  characters  continue  to  appear,  and  crossing  keeps  the 
inferior  characters  current  in  the  stock,  even  though  seed  be  saved 
only  from  good  individuals. 

Individual  selection  is  based  on  the  recognition  of  single  superior 
plants.  The  breeder  trusts  to  his  ability  to  pick  out  the  best  plant 
in  a  field  or  a  breeding  block,  saves  the  seed  of  this  individual,  and 
makes  a  separate  small  planting  for  increase  as  a  seed  stock.  A 
uniform  progeny  may  be  obtained  in  this  wa}',  and  the  next  year  a 
field  planting  may  be  made.  The  system  of  individual  selection  was 
used  effectively  for  many  years  with  sea-island  cotton  on  the  coast 
islands  of  South  Carolina  and  Georgia. 

In  progeny  selection  the  bleeder  (U)es  not  rely  upon  his  ability  to 
choose  the  best  plant,  but  selects  many  good  plants  and  the  following 
year  compares  their  progenies,  planted  in  adjacent  rows.  The  pre- 
caution of  compai'ing  the  progenies  of  the  selected  individuals 
aft'ords  a  bettor  means  of  detennininn-  the  characters  or  differences 
that  may  exist  in  a  series  of  selections  and  also  of  comparing  and 
determining  the  uniformity  of  the  selections,  to  the  end  of  choosing 
the  liest  ])rogeny  for  inci'ease  as  a  seed  stock.  Undoubtedly  })i-ngeny 
selection  is  a  step  in  advance  of  iiulividual  selection,  but  it  has 
practical  limitations  from  the  standpoint  of  establishing  and  main- 
taining the  uniformity  of  a  seed  stodc. 

Tv])e  selection  follows  the  methods  of  individual  and  progeny 
selection,  Init  with  fui'ther  precautions  of  adhering  to  a  single  type 
in  the  selection  and  progeny  work  and  of  roguing  the  progeny  blocks 
and  increase  fields.  TJoguing  is  appli(>d  to  remove  the  off-t yi)o  j)lants 
that  continue  to  appeal-,  even  in  the  stocks  that  ni'e  bred  witli  greatest 
care,  or  in  progenies  pnxhiced  by  self-fertilization. 
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Progeny  blocks  that  are  not  restricted  tt)  the  same  type  of  plants 
do  not  produce  uniform  seed  stocks  unless  artificial  self-pollination 
is  applied.  Making  a  collection  of  good  individuals,  but  of  different 
types,  and  raising  their  progenies  together,  is  not  essentially  different 
from  mass  selection.  Much  crossing  ma}?^  take  place  between  the 
adjacent  rows  of  cotton,  so  that  "yvith  different  types  represented  in 
the  i^rogeny  blocks  the  crossing  and  mongrelizing  of  the  stocks  is 
continued  as  in  ordinary  fields.  Good  progenies  may  be  adjacent 
to  selections  with  divergent  characters  and  may  be  thoroughl}^  con- 
taminated by  cross-pollination  if  many  bees  or  other  insects  are  at 
work  in  the  fields.  Such  diversity  is  excluded  from  the  progeny 
blocks  under  the  type  system. 

If  plants  that  diverge  from  the  type  are  selected  intentionally  for 
further  study  or  testing,  they  should  not  be  designated  or  numbered 
as  progenies,  but  only  as  selections,  and  these  are  not  to  be  grown  in 
the  progeny  blocks  or  in  adjacent  rows,  but  in  isolated  plantings. 
The  two  projects  of  preserving  an  existing  type  and  of  breeding 
novelties  need  to  be  handled  separately. 

It  is  much  more  important  to  maintain  a  desirable  type  from  year 
to  year  than  it  is  to  try  to  find  a  novelty  that  will  be  so  definitely 
better  than  the  type  as  to  justify  a  substitution.  The  possibility  of 
finding  a  valuable  new  type  of  plant  is  not  to  be  excluded  from 
the  breeder's  hopes,  but  the  responsible  breeder  should  moderate  his 
zeal  for  novelties.  At  least  he  should  appreciate  the  necessity  for 
testing  thoroughljr  each  new  form  and  for  testing  it  in  many  locali- 
ties before  exploiting  it  as  a  commercial  seed  stock,  and  the  need 
for  maintaining  by  continued  and  careful  selection  any  form  which 
is  to  be  used  for  practical  production  purposes. 

TYPE  SELECTION  AND  PROGENY  SELECTION 

Adherence  to  a  type  simplifies  breeding  operations,  as  a  more 
definite  object  is  presented.  The  object  is  not  to  discover  new 
characters  or  to  establish  new  combinations  of  characters,  but  only  to 
preserve  the  combination  of  characters  already  existing  in  the  type — 
not  incompatible  or  doubtful  combinations,  as  in  many  hybrids,  but 
combinations  already  well  balanced  and  adjusted  to  each  other.  So 
many  characters  are  involved  in  a  type  that  selection  for  each  one 
of  them  would  not  be  feasible,  but  the  entire  combination  is  selected 
hy  keeping  Avithin  the  type.  The  special  advantage  of  the  type 
system  is  to  maintain  the  selection  of  many  characters  at  once. 

The  selection  of  the  best  individuals  of  the  type  serves  to  keep  up 
the  full  expression  of  the  desirable  characters,  though  it  is  not  to  be 
expected  that  all  of  the  desirable  characters  will  be  brought  to  full 
expression  in  any  one  place  or  in  any  one  set  of  conditions.  Char- 
acters of  special  value  from  the  standpoint  of  adaptation  to  particular 
conditions  need  to  be  specially  guarded,  and  selecting  m.ust  be  done 
under  conditions  where  differences  in  these  characters  can  be  shown. 
Otherwise  there  is  danger  that  exclusive  consideration  of  one  char- 
acter or  of  a  few  characters  may  result  in  loss  or  imjDairment  of  other 
characters  and  restrict  the  range  of  adaptation. 

The  highest-yielding  plants  in  one  season  may  excel  by  reason  of 
some  particular  character,  while  a  different  season  requires  excellence 
in  another  character.     The  breeder  maj^  suppose  that  he  is  selecting 


16         TECHNICAL  BULLETIN    3  0  2,   U.   S.   DEPT,   OF   AGRICULTURE 

consistently  for  the  same  character  (yield),  but  different  characters 
may  be  responsible  for  good  yields  in  different  seasons  or  in  different 
soils.  The  type  may  be  guarded  the  better  by  being  selected  for 
different  characters,  but  special  precautions  are  necessary  to  avoid 
departure  from  the  type,  as  explained  later.  The  selection  of  the 
same  type  under  the  varied  conditions  is  a  way  of  assuring  the 
continued  possession  of  all  of  the  desirable  characters.  In  this 
respect  type  selection  is  analogous  to  natural  selection. 

Type  selection,  especially  if  applied  under  different  conditions, 
may  be  considered  as  an  extension  of  natural  selection,  since  it  is  not 
merelv  analytical  and  exclusive,  in  the  sense  of  isolating  particular 
characters,  but  is  a  sj^stem  for  maintaining  the  full  series  of  tyjic 
characters  by  checking  against  possible  losses  of  desirable  characters 
in  some  of  the  lines  of  descent.  The  problem  is  not  to  be  solved  by 
applying  an  artificial  standard,  but  by  learning  to  recognize  the  actual 
forms  of  the  plants.  In  practice,  the  type  is  not  established  nor 
standardized  by  assuming  that  the  plants  ought  to  show  certain 
characters  under  all  conditions,  but  by  observation  and  familiarity 
with  plants  of  the  same  stock  grown  in  different  places.  The  ability 
to  recognize  the  same  type  of  plant,  even  under  widely  different 
conditions  of  growth,  is  essential  to  useful  breeding  work  by  the 
method  of  type  selection. 

The  advantage  to  be  expected  from  comparisons  of  tyi>e  progenies 
is  the  assurance  of  maintaining  a  more  uniform  stock,  but  there  is  no 
reason  to  expect  that  yields  will  continue  to  be  increased,  or  even  that 
high  yields  will  be  maintained,  unless  special  precautions  arc  taken. 
The  usual  comparison  of  progenies  or  of  small  increase  blocks  affords 
little  basis  for  judgment  regarding  the  various  characters  that  are 
expressed  in  the  yields.  The  effects  of  slight  differences  of  soil  or 
moisture  conditions  are  such  as  greath'^  to  complicate  the  task  of 
progeny  selection.  Usually  there  is  little  ground  for  choosing  a  par- 
ticular progeny  a,s  the  best,  in  a  series  raised  from  plants  that  were 
carefully  selected  for  adherence  to  the  same  type.  A  field  of  such 
progenies  appears  uniform,  and  the  yield  differences  between  the 
rows  may  be  only  accidental.  Progenies  with  low  yields  may  bo 
rejected  as  a  precaution,  without  attempting  to  determine  whether 
the  apparent  deficiencies  are  real ;  but  even  that  ground  of  choice  is 
lacking  among  the  progenies  that  yield  well. 

As  often  shown  in  field  plantings,  row  variations  as  lai'ge  as  H()  or 
;")()  per  cent  may  occur,  which  have  no  genetic  significance. 

Maintaining  a  seed  stock  on  the  basis  of  a  series  of  progenies  is  a 
different  S3'stem  in  several  respects  from  taking  a  single  j)rogeny  for 
increase  and  rejecting  the  others.  Taking  only  one  progeny  for  in- 
crease involves  the  risk  of  definitely  inn)airing  tlie  true  type  of  the 
variety  by  losing  some  of  its  essential  characters.  Selection  for 
uniformity  alone  nuiy  result  in  a  loss  of  i)roductiveness.  Even  if 
the  extei-nal  features  of  the  type  a))pear  to  have  been  i-ctaiued.  the 
range  of  adaptation  nuiy  be  narrowed,  to  the  detriment  of  jii-ochiction. 
Apparently  there  is  no  practical  way  of  assuring  the  pi-eservation  of 
all  (»f  the  desir:il)le  characters  of  a  type  Avhere  seliMtion  in  each 
generation  is  limited  to  a  single  progeny  or  to  a  single  locality.  At 
least  it  can  be  seen  that  such  an  undertaking  is  essentially  more 
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difficult  and  precarious  than  maintaining  a  superior  type  as  a  group 
of  progenies  that  can  be  tested  in  different  places. 

Tlie  danger  involved  in  the  restriction  of  seed  stock  to  a  single 
])i-ogeny  is  greater  where  the  progeny  plantings  are  made  under  the 
very  favorable  conditions  that  are  commonly  preferred  for  breeding 
work.  The  best  conditions  usually  are  considered  necessary  for  breed- 
hig  experiments,  in  order  to  raise  the  most  thrifty  and  productive 
plants  and  show  to  full  advantage  the  desirable  characters  of  the 
varietj^,  as  well  as  to  increase  the  seed  stocks  as  rapidly  as  possible. 
But  with  breeding  confined  to  the  most  favorable  places,  the  differ- 
ences thnt  affect  the  resistance  of  the  plants  to  adverse  conditions  are 
not  brought  into  expression,  and  the  weakness  of  a  select  stock  may 
not  become  apparent. 

SIMPLIFIED  TYPE  SELECTION 

Type  selection  may  be  pi-acticed  Avithout  the  prectuitions  of  prog- 
env  selection.  If  the  breeder  has  sufficient  skill,  accuracy,  and 
regularity  of  perception  always  to  recognize  his  type,  it  is  possible 
to  maintain  a  high-quality  seed  stock,  even  though  the  selected  plants 
are  not  picked  separately  or  the  seed  planted  in  progeny  rows.  A 
method  of  type  selection,  very  simple  and  yet  very  effective,  was  used 
for  many  years  by  the  late  Alexander  Mebane  in  the  breeding  of  the 
Triumph  variety  of  Texas  big-boll  cotton,  at  Lockhart,  Tex.  The 
practical  feasibility  of  the  method  was  demonstrated  by  maintaining 
a  very  uniform  variety  of  cotton  through  the  long  period  in  which  the 
work  was  continued  by  Mr.  Mebane.  The  same  stock  was  selected  on 
the  same  farm  for  about  30  vears. 

The  method  followed  was  to  select  the  planting  seed  for  the  next 
season  from  the  best  and  most  productive  plants.  Enough  seed  was 
selected  each  jeixr  to  plant  the  entire  farm,  with  an  adequate  reserve 
for  replanting.  The  selections  were  made  carefully,  only  the  plants 
that  were  notably  more  productive  than  their  neighbors  being  con- 
sidered. Each  of  these  productive  individuals  was  observed  closely 
to  detect  any  deviation  from  the  variety  in  plant  characters.  Then 
the  lint  and  seeds  were  examined,  to  make  sure  that  the  fiber  was  of 
normal  length,  strength,  and  abundance  and  that  the  fuzz  of  the  seeds 
was  not  colored,  abnormal,  nor  deficient.  The  accepted  plants  were 
marked  by  drawing  a  furrow  with  the  foot,  and  the  cotton  was  har- 
vested at  once  by  a  careful  picker. 

Such  an  operation  might  be  mistaken  for  mass  selection  if  it  were 
not  known  to  be  directed  to  a  single  type  of  plant,  but  this  is  a  vital 
difference.  The  usual  practice  among  cotton  bi-eeders  has  been  to 
carry  a  miscellaneous  collection  of  types  in  their  breeding  blocks. 
Obviously,  the  value  of  the  field  work  depends  upon  the  ability  of 
the  breeder  to  apply  the  necessary  discrimination  of  the  type.  Such 
skill  was  evidenced  in  Mr.  Mebane's  case  by  the  great  uniformity  of 
his  increase  stock.  The  fields  of  Triumph  cotton  at  Lockhart  were 
carefully  inspected  on  two  occasions  in  1906  and  1907.  The  entire 
acreaa^'  was  gone  over  cousecutivelv,  and  vorv  few  romies  or  aber- 
rant  plants  were  detected  (6\  Z-^). 

The  system  applie*!  by  T\Ii\  Mebane  did  not  include  the  precaution 
of  separating  and  comparing  the  progenies  of  the  select  individuals. 
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Nevertheless  it  included  another  selective  feature  which  the  usual 
progeny  methods  do  not  provide.  The  operation  of  choosing  from 
the  more  productive  plants  of  his  type  was  repeated  each  year  and 
had  the  etfect  of  a  continued  selection  for  normal  behavior  and  pro- 
ductiveness under  the  varied  seasonal  conditions.  On  account  of  the 
wide  range  of  climatic  variations  in  Texas,  different  adaptive  char- 
acters are  brought  into  expression,  as  shown  by  the  contrasting  be- 
havior of  })lants  of  the  same  stock  when  grown  for  successive  seasons 
in  the  same  field.  Hence  it  can  be  understood  that  an  annual  reselec- 
tion  of  the  best  plants  of  the  type  may  be  very  important  in  main- 
taining the  vigor,  fruitfulness,  and  imiformity  of  a  seed  stock. 

The  principal  advantage  of  growing  the  progenies  in  adjacent 
rows  is  that  the  breeder  can  test  and  check  his  judgment  regarding 
the  type  and  eliminate  the  progenies  that  give  an}''  indication  of 
wealcnoss  or  divergence.  Hence  the  use  of  progenies  seems  advisable, 
as  an  additional  precaution  in  tj^pe  selection  and  to  facilitate  the 
comparison  and  recognition  of  the  uniformity  in  seed  stocks.  It  is 
important  to  have  the  assurance  that  the  work  of  breeding  is  well 
done.  Practicallj'^  uniform  fields  of  cotton  will  result  when  the  type 
that  is  being  selected  is  carried  correctly  and  accurately  by  the 
breeder  and  the  progenies  are  planted  together,  though  slight  differ- 
ences are  still  to  be  found  when  well-selected  progenies  are  closely 
and  carefull}^  compared.  The  progeny-row  comparisons  are  needed 
especial!}'-  for  the  study  of  the  lint  and  seed  characters,  where  slight 
differences  may  be  important  and  yet  are  difficult  to  establish.  The 
separate  ginning  and  planting  of  the  progenies  are  the  only  addi- 
tional operations  required  in  handling  type  selections  as  progenies. 

RECOGNIZING  AND  MAINTAINING  A   SUPERIOR  TYPE 

It  is  obviously  important  to  know  how  to  choose  the  type  of  plant 
that  is  to  serve  as  the  standard  of  selection  in  a  variety  of  cotton, 
since  this  largely  determines  the  value  of  the  subsequent  breed- 
ing operations.  The  recognition  and  preservation  of  a  sujierior 
type  already  in  existence  are  the  practical  alternatives  to  the  theory 
of  forming  synthetic  types  of  plants  by  hybrid  combinations  of 
characters. 

In  view  of  the  number  of  characters  to  be  considered,  it  is  seen 
that  the  choice  of  a  new  type  is  not  a  simple  or  arbitrary  act.  Ef- 
forts have  been  made  with  cotton,  as  with  other  plants,  to  establish 
varieties  on  a  basis  of  artificial  standards  expressed  numerically  on 
score  cards.  Such  schemes  have  not  produced  practical  results, 
probably  because  many  of  the  score-card  features  were  of  little 
importiincc  and  made  the  problems  of  selection  too  complicated  to 
be  followed.  From  the  nature  of  the  facts,  explicit  directions  are 
hardly  to  be  ^iven  for  recognizing  a  superior  type  of  cotton. 

^  The  recofrmtion  of  a  type  as  potentially  valuable  is  merely  pro- 
visional and  preliininai'v  to  the  careful  comparing  and  testing  that  are 
neccssaiy  before  a  definite  assurance  can  be  reached  that  tlie  new 
type  has  a  practical  value.  In  the  case  of  the  Acala  cotton,  it  hap- 
pened that  only  a  single  plant  was  seen  at  the  locality  in  southern 
Mexico,  where  the  existence  of  the  now  cotton  was  first  recognized  :is 
having  characters  that  might  ivnder  it  useful  in  the  United  States. 
Before  this  provisional  judgment  could  be  verified,  it  was  necessary 
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to  send  another  expedition  to  tlie  cotton-growing  districts  of  southern 
Mexico  for  stocks  of  seed  and  afterwards  to  determine  the  adapta- 
bility of  the  new  cotton  to  conditions  in  Texas  by  several  seasons 
of  acclimatization  and  selection  {4^  ^'^)- 

A  stock  of  seed  that  came  from  the  town  of  Acala,  in  the  State  of 
Chiapas,  behaved  best  under  Texas  conditions  and  furnished  the 
progenies  that  later  were  increased  to  the  scale  of  commercial  plant- 
ing. It  was  not  until  adequate  stocks  of  acclimatized  select  seecl  were 
available  that  it  was  possible  to  make  thorough  and  conclusive  com- 
parisons with  other  varieties  under  regular  field  conditions.  Such 
tests  left  no  doubt  of  the  ability  of  the  new  stocks  to  yield  well  and 
to  produce  fiber  of  excellent  quality  under  boll-weevil  conditions  in 
Texas. 

The  choice  of  a  superior  type  in  the  Acala  cotton  followed  a  similar 
experience  with  Durango  cotton,  which  had  been  introduced  and  ac- 
climatized from  Mexico  a  few  years  in  advance  of  the  Acala.  A 
superior  type  was  recognized  in  the  Durango  cotton  at  Del  Rio,  Tex., 
in  1907,  and  developed  to  the  scale  of  commercial  production  in 
California,  The  first  field  of  Durango  cotton  in  California  was 
planted  in  1911  in  the  Imperial  Valley  near  El  Centro. 

The  possibility  of  finding  other  good  types  in  the  Durango  stock 
was  also  considered  when  the  superior  type  was  first  recognized.  The 
plantings  of  the  original  stock  of  seed  in  Texas  were  continued  in  the 
following  seasons  to  see  if  any  other  types  of  plant  could  be  found 
of  as  great  value  as  that  which  had  been  chosen,  or  of  greater  value. 
In  the  course  of  two  or  three  years  several  recurrences  of  the  superior 
type  were  obtained,  but  no  other  type  was  found  which  appeared  to 
be  more  promising  or  even  to  be  equal  to  the  type  that  had  been 
selected.  Thousands  of  plants  were  inspected  carefully  in  the  search 
for  a  better  type,  and  progenies  were  grown  from  all  individuals  that 
appeared  notable  in  any  desirable  respect. 

The  same  precautions  were  observed  in  the  breeding  of  the  Acala 
cotton  from  the  original  seed  stock  obtained  in  Mexico,  The  first 
plantings  in  Texas,  in  1907,  were  at  Victoria,  Kerrville,  and  Del  Rio. 
A  superior  type  of  Acala  was  recognized  at  San  Antonio  in  1909, 
and  a  field  planting  of  this  stock  was  made  at  Waco  in  1911.  After 
the  good  type  had  been  distinguished,  other  types  with  characters 
of  equal  quality  and  promise  were  sought  but  were  not  found.  Dur- 
ing the  years  that  the  variety  has  been  cultivated,  great  numbers  of 
off-type  plants  have  been  observed  and  studied  without  any  being 
found  that  were  better  than  the  normal  type  in  productiveness  or 
quality  of  lint.  Only  a  few  were  found  that  were  even  approximately 
equal  to  the  normal  type. 

Some  of  the  off-type  plants  were  very  productive  and  attracted 
favorable  attention,  especially  those  of  the  cluster  habit  with  bolls 
crowded  together  on  the  short  branches.  As  in  other  varieties,  the 
cluster  plants  often  appear  very  prolific  and  may  yield  well  under 
favorable  conditions.  But  under  stress  conditions  the  cluster  plants 
suffer  more,  and  cluster  variations  of  Acala  have  appeared  to  be 
more  susceptible  to  shedding.  Hence  it  has  seemed  necessary  to  avoid 
cluster  variations  in  the  Acala  stock.  Reasons  for  considering  the 
cluster  character   as   abnormal   were  given   in  earlier  publications 
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The  type  recognized  as  superior  in  the  seed  stock  from  Acala  had 
early  and  prolific  plants  of  an  erect,  pyramidal  form  with  large  oval 
bolls.  Lint  of  good  length  and  abundance  was  found  uiore  regularly 
on  plants  of  this  t^'pe  than  on  other  forms  of  phmts.  A  romarkaVilc 
combination  of  desirable  characters  was  obtained. 

The  essential  features  of  the  Acala  cotton  are  the  upright  habit 
of  growtli  and  the  ability  to  set  promptly  a  good  crop  of  large,  well- 
shaped  bolls.  The  fruiting  branches  liave  joints  of  moderate  length. 
not  of  the  short  cluster  form.  The  bolls  open  well  and  have  the 
storm-proof  character  of  holding  the  seed  cotton  in  place  for  a  long 
j)eriod.  The  fiber  is  abundant  and  of  even  length,  attaining  IVs  to 
i/jr  inches  when  raised  under  favorable  conditions.  The  staple 
has  a  firm  body  and  a  good  "  drag,"  and  excellent  spinning  qualities 
have  been  reported  from  the  mills. 

The  behavior  of  Acala  cotton  in  Oklahoma  in  1919  was  described 
in  an  article  by  Clarence  Roberts  (40)  in  the  Oklahoma  Farmer- 
Stockman  for  December  10,  1919.  The  storm-proof  character,  good 
yields,  early  maturity,  high  turnout  at  the  gin,  and  length  and 
strength  of  staple  were  the  features  specially  noted.  In  that  season 
premiums  from  $15  to  $40  per  bale  were  reported. 

Reports  for  the  season  of  1920,  published  in  the  Marketing  Bul- 
letin of  the  Oklahoma  State  Market  Commission  {3d),  January. 
1921,  showed  larger  yields  from  Acala  cotton  than  from  other  varie- 
ties, production  of  the  crop  in  shorter  periods,  and  higher  premiums 
for  the  fiber.  Maturity  of  the  crop  in  90  days  was  reported  in  two 
cases,  below  100  days  in  four  cases,  and  in  110  days  or  less  in  five 
other  cases.  Tlie  turnouts  varied  from  31  to  38  per  cent  of  lint,  15 
of  the  23  reports  being  35  per  cent  or  above.  Premiums  of  from 
100  to  800  points  are  shown  in  15  reports,  12  reports  showing  300 
points  or  more,  or  an  average  premium  of  382  points  in  the  cases 


given.^ 


Comparisons  of  Acala  with  many  other  varieties  were  reported 
in  1928  in  a  bulletin  of  the  Texas  Agricultural  Experiment  Station 
{3G).  Acala  ranked  first  in  yield  of  lint  from  1922  to  1927.  Only 
one  variety.  Lightning  Express,  was  reported  as  earlier  than  Acala  in 
this  series  of  tests. 

After  the  good  qualities  of  the  Acala  type  of  cotton  had  been 
definitely  determined  the  seed  was  distributed,  and  in  a  few  seasons 
the  new  variety  was  widely  appreciated.  Indeed,  its  popularity  soon 
became  so  great  as  to  invite  disaster,  since  the  stocks  of  good  seed 
were  entirely  insufficient  to  meet  the  demand.  Large  quantities  of 
mixed  seed  were  planted,  or  mixtures  of  other  varieties  sold  as  Acala. 
Some  of  the  fields  showed  small  proportions  of  genuine  Acala  plants, 
while  in  other  fields  no  such  plants  could  be  detected.  The  better 
stocks  of  seed  rapidly  disappeared  as  a  result  of  mixing  at  public 
gins,  as  at  that  time  there  were  no  communities  where  sepai'ate  gin- 
ning of  different  varieties  was  practiced.  A  few  ])rivate  breeders  or 
seed  firms  undertook  to  develop  stocks  of  Acala  cotton,  but  much  of 
the  seed  obtainable  from  such  sources  was  badly  mixert. 

-Tliouph  2.5  rpports  arc  Indlratod,  1  Is  missinir  from  tIio  list,  and  sovoral  aro  not 
rompU'lc.  A  list  of  'JS  aildrosscs  wlici-c  plnnliiiic  scrd  nl'  Arala  cdttoii  was  <i(Torod  for 
Hnlp  111  f)klah()tiia   In    l!t21    is  Inclndod. 
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Selection  was  attempted  by  several  volunteer  breeders,  but  often  the 
true  type  of  the  variety  was  not  recognized.  Hybrids  or  divergent 
forms  liu-king  some  of  th(^  cliaracters  of  the  genuine  Acala  type  were 
siibst  ituted.  Crossing  Avith  other  varieties  took  place  extensively,  and 
many  hybrid  plants  could  be  found  in  the  mixed  stocks.  It  was 
natural  that  breeders  who  had  been  engaged  with  the  Texas  big-boll 
varieties  should  select  from  the  mixed  Acala  stocks  the  forms  of 
plants  that  were  considered  desirable  in  Mebane  and  Lone  Star  or 
in  other  Texas  varieties. 

Thus  the  variety  was  mongrelized  by  some  of  the  local  breeders, 
instead  of  being  improved,  and  it  might  have  foUowed  tlie  usual 
course  of  being  discarded  in  a  few  years  if  the  breeding  work  had 
not  been  maintained  elsewhere.  The  only  opportunities  for  nudn- 
taining  the  selection  of  the  Acala  type  under  the  condition  of  com- 
plete separation  from  other  varieties  have  been  in  California,  where 
pure-seed  districts  have  been  established  for  growing  this  variety 
exclusively.  The  subsequent  development  of  Acala  production  in 
California  has  been  described  in  other  publications  {3,  30) . 

Supplies  of  pure  Acala  seed  have  been  available  in  California 
since  1920,  and  the  use  of  the  variety  has  extended  gradually  until 
in  the  irrigated  valleys  of  California,  Arizona,  New  Mexico,  and 
western  Texas  most  of  the  cotton  raised  is  Acala.  Better  stocks 
of  seed  are  being  developed  in  Texas,  Oklahoma,  and  Arkansas,  so 
that  the  use  of  the  variety  is  again  increasing,  and  the  favorable 
results  of  the  earlier  years  are  being  repeated.  It  is  plain  from 
the  past  experience  that  the  extent  of  utilization  of  the  variety 
may  depend  entirely  upon  suitable  stocks  of  seed  being  developed 
and  maintained  in  the  different  cotton-growing  regions. 

The  danger  now  is  that  a  wider  use  and  appreciation  of  the  variety 
may  lead  again  to  a  general  mixing  and  deterioration  of  the  seed 
stocks  unless  a  sj^stem  of  selection  can  be  applied  on  a  sufficient 
scale,  so  that  entire  communities  in  different  regions  of  the  Cotton 
Belt  can  be  supplied  with  pure  seed  and  establish  new  centers  of 
continued  production.  Without  such  precautions  no  large  volume 
of  good  Acala  cotton  is  likely  to  be  produced  in  the  eastern  Cotton 
Belt  to  an  extent  that  will  show  the  full  value  of  the  variety. 

Unless  selection  can  be  directed  to  the  true  type  of  the  variety, 
there  is  the  same  danger  as  before,  that  off -type  plants  may  be  se- 
lected and  local  stocks  of  seed  developed  with  divergent  characters. 
Selections  may  be  made  from  Acala  cotton  with  differences  as  great 
as  between  other  varieties.  Such  departures  from  the  type  could 
only  lead  back  toward  the  general  condition  of  diversity  and  mon- 
grelizing  of  seed  stocks,  though  all  might  be  derived  from  Acala. 
Even  in  California,  where  the  principle  of  1-variety  production  of 
cotton  has  been  most  definitely  adopted,  the  need  of  holding  the 
selection  of  seed  stocks  to  a  single  type  of  plant  is  not  appreciated 
fully,  nor  is  the  danger  realized  sufficiently  of  replacing  one  type 
with  another  before  adequate  tests  have  been  made  to  eletermine 
whether  any  advantage  will  be  gained. 

SELECTION   FOR  PRESERVING  A  TYPE 

After  a  superior  form  has  been  found  and  separated  fi-om  a  mis- 
cellaneous stock,  selection  has  another  function  to  perform  in  order 
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to  maintain  the  true  characters  and  qualities  of  the  recognized  type 
during  the  period  of  use.  The  development  and  the  preservation  of 
varieties  are  different  functions,  though  both  are  accomplished  by 
selection. 

The  need  of  holding  to  a  single  type  in  the  selection  of  a  variety 
of  cotton,  in  order  to  maintain  its  good  qualities,  was  recognized  in 
a  publication  issued  in  1910  (7).  Attention  was  called  to  the  use  of 
the  external  characters  of  the  plants  to  facilitate  the  recognition  and 
removal  of  oft-type  individuals  from  progen}''  rows  and  increase 
fields.  Later  experience  has  tended  strongly  to  confirm  the  need 
of  such  precautions  and  of  bringing  the  principles  and  methods  of 
type  selection  more  definitely  to  the  attention  of  plant  breeders  and 
seed  growers. 

Unless  a  type  is  recognized,  there  is  no  assurance  that  the  opera- 
tions of  breeding  and  selection  will  produce  a  uniform  stock  or 
maintain  a  condition  of  uniformity  after  it  is  once  established. 
Taking  account  of  the  many  characters  of  a  type  and  of  the  many 
modifications  of  such  characters  that  are  possible  under  different 
conditions,  also  of  the  endless  departures  from  the  type  that  m.ay  be 
found  as  contrasting  individual  variations,  it  is  plain  that  experience 
and  careful  observation  of  even  a  single  type  of  cotton  will  afford 
material  for  extensive  study. 

The  t3'pe  to  be  selected  necessarilj''  remains  indefinite  in  the  sense 
of  its  characters  being  subject  to  the  influences  of  local  conditions. 
Caution,  therefore,  is  always  required  in  order  that  the  breeder  may 
adjust  and  accommodate  his  ideas  to  the  facts  before  him.  Any  fixed 
idea  of  a  particular  character  that  must  be  expressed  in  a  definite 
way,  as  a  certain  size  and  shape  of  bolls,  is  to  be  avoided.  A  score- 
card  standard  brought  from  another  place  might  not  result  in  hold- 
ing to  a  type  but  in  slipping  away  from  it. 

Outstanding  departures  from  the  type  are  easily  recognized  and 
discarded,  even  by  the  beginner.  Many  off-type  plants  are  obvious 
freaks,  even  to  the  extent  of  complete  sterility  in  some  cases.  (PI. 
24.)  Hardly  less  striking  are  plants  with  defective  or  misshapen 
bolls,  bolls  of  very  small  size,  as  those  in  Plate  IT,  or  larger  bolls 
of  markedly  divergent  forms,  as  those  in  Plate  18,  as  compared  with 
normal  forms,  as  those  in  Plates  1  to  3.  Variations  in  habits  of 
branching  and  in  characters  of  the  seeds  and  lint  have  been  described 
in  a  separate  publication  (J-^^),  to  Avhich  reference  may  be  made  by 
those  particularly  interested  in  cotton  breeding.  The  inheritance  of 
several  of  the  off-type  characters  was  tested  by  comparisons  of  numer- 
ous off-type  progenies  at  Sacaton,  Ariz.,  in  the  season  of  192-1.  Sev- 
eral of  these  variations  showed  tlie  cluster  or  semicluster  variations, 
with  short-jointed  fruiting  branches,  while  others  were  rank,  unpro- 
ductive plants,  and  some  were  of  nearly  normal  form.  (]*ls.  25  and 
2(5.)  Some  of  the  off-type  plants  gave  notably  uniform  progenies, 
while  others  were  remai'kably  diverse,  like  the  perjugate  (second 
and  later)  generations  of  hybrids  between  Avidely  distinct  species. 

Though  all  characters  oi  the  plants  are  subject  to  variation,  ilif- 
ferences  in  the  form  of  the  bolls  aiv  among  the  more  tangible  features 
and  serve  best  to  illustrate  the  nature  of  the  variations  that  need  to 
be  recognized  in  selection  for  maintaining  the  type.     Tiie  breeder's 
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Plate  21 


Fiber  Variations  of  Acala  Cotton 

Conil)r(I  sopds  from  a  norin:il  Acala  progeny  (A)  aiui  from  a  ropno  jirocc^ny  (R),  Ihc  lullcr  iiotalil.v 
irrcRiiliir,  with  .some  of  the  plants  rcvcrlini;  to  short  "liuilcrMy"  lini,  which  docs  not  appear 
in  the  normal  Acala  type.     (Xearly  natural  size.) 
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PLATE    22 


COTTON    BOLLS    INJURED    BY    STRESS    CONDITIONS 

Upland  cotton  bolls  seriously  dvvarfeil  by  checking  of  growth  under  stress  conditions.  The  fiber 
of  such  bolls  is  much  shorter  and  weaker  than  that  of  well-developed,  normally  opened  bolls, 
such  as  are  shown  in  Plate  23.  The  three  bolls  at  the  top  are  Acala,  the  three  middle  bolls  are 
Lone  Star,  and  the  three  at  the  bottom  arc  Mebane.     (Nearly  natural  size.) 
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PLATE   23 


Open  Bolls  of  Acala  Cotton 


Upppr  (.\)  nnd  lower  (B)  surfaces,  showing  sniiill  iiivnhicral  brncts  nnd  pompaot  storin-proof 
locks,  licM  firiiily  between  tile  divisions  of  tlie  boll  wall,  ("oniiiaro  wilh  I  he  dwarfed,  stress- 
injured  bolls  in  I'late  22.     (Natural  size.) 
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PLATE   24 


A  Barren  Off-type  Plant 

An  extreme  variation  of  Acala  cotton  in  a  field  of  productive  plants  at  Las  Truces,  N.  Mex.,  October, 
1926,  resulting  in  comiilete  sterility  through  iilKirtion  of  all  the  flower  buds,  as  shown  by  the 
scars  of  the  fruiting  branches.     (Nearly  natural  size.) 
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Plate  25 
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Branch  Variations  in  Off-type  Plants 

Normal  plant  (at  left),  three  form.s  of  cluster  and  semieluster  plants,  and  one  large  sterile  plant 

(second  from  right). 
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Plate  26 


Off-type  Acala  Progenies 

Plants  representing  two  ofl-type  progenies,  one  rank  and  unproductive,  the  other  of  nearly  normal 

form.     (Sacaton,  Ariz.,  1924.) 
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endeavor  must  be  to  establish  a  correct  judgment  that  will  make  the 
proper  allowance  for  local  influences  or  adaptations  of  boll  forms  in 
the  true  type  of  the  variety  and  at  the  same  time  will  not  fail  to 
recognize  any  departures  from  the  type.  For  each  undertaking 
in  selection  the  breeder  must  be  ready  to  give  himself  a  few  hours 
of  special  education,  through  careful  study  in  the  field,  in  order  to 
have  i^roper  ground  for  confidence  in  his  ability  to  recognize  the 
type  readily  and  accurately  under  the  local  conditions.  If  the  plant 
forms  and  boll  forms  are  normal  and  familiar,  selection  mny  pro- 
ceed without  delay,  but  if  it  is  necessary  to  take  new  bearings,  this 
should  be  done  carefully.  The  need  of  these  precautions  and  of 
avoiding  fixed  ideas  of  a  type  will  be  appreciated  by  considering  the 
range  of  boll  forms  shown  in  the  illustrations  of  bolls  of  the  Acala 
type  in  different  places.     (Pis.  1  to  4  and  6  to  14.) 

Comparison  of  the  boll  forms  from  different  localities  makes  it 
plain  that  the  local  phases  of  boll  forms  may  cover  a  range  of  dif- 
ferences nuich  greater  than  those  that  may  separate  two  strains  or 
even  two  varieties  growing  in  the  same  place.  The  Durango  boll 
forms,  as  shown  in  Plate  5,  are  hardly  more  different  from  some  of 
the  Acala  boll  forms  than  some  of  the  latter  are  from  the  others. 
The  Acala  boll  form  at  James  Island,  S.  C,  in  1927  offers  as  great 
a  contrast  to  those  of  Acala  from  several  other  places  as  to  bolls  of 
other  varieties.  Compare  Plates  9  and  10  with  Plates  1  to  4  and  6 
to  8. 

Even  in  the  same  locality  it  is  necessary  to  make  proper  allowances 
in  the  recognition  of  a  type.  Not  only  do  the  plants  grow  to  different 
sizes  and  show  different  habits  of  branching,  which  are  dependent 
upon  the  seasons,  but  also  the  forms  of  the  bolls  may  be  notably 
different.  Thus  the  bolls  of  Acala  cotton  produced  in  1927  on 
James  Island,  near  Charleston,  S.  C,  were  notably  smaller  and  of  a 
narrower  and  more  pointed  shape  than  those  produced  in  1926. 
Compare  Plate  8  with  Plates  9  and  10. 

In  curious  contrast  to  the  narrowing  of  the  bolls  on  James  Island 
in  1927,  a  marked  tendency  to  shortening  and  blunting  of  the  bolls 
was  observed  at  Fayetteville,  N.  C,  in  the  same  season.  (PL  7.) 
Also  these  shortened  bolls  were  in  contrast  to  those  produced  at 
Fayetteville  in  the  previous  year,  which  were  nearly  normal.  (PI. 
6.)  But  when  these  bolls  of  1926  at  Fayetteville  are  comparecl  in 
turn  with  bolls  of  1926  at  James  Island,  they  are  seen  to  be  some- 
what narrower.  Thus  the  season  of  1927  showed  unusual  forms  of 
bolls  in  both  places,  narrower  at  James  Island  and  broader  at 
Fayetteville,  and  in  both  cases  it  happened  that  the  local  tendencies 
shown  in  the  previous  year  were  reversed.  It  was  noted  in  1926  that 
much  of  the  cotton  in  the  vicinity  of  Fayetteville  showed  a  buckling 
of  the  leaves,  due  to  a  slight  contraction  and  yellowing  of  the  mar- 
gins, which  suggested  that  the  plants  might  be  suffering  from  a  mild 
mosaic  disease. 

Even  in  the  same  place  and  on  the  same  plants  appreciable  changes 
of  boll  forms  may  occur  with  the  advance  of  the  season.  The  late- 
season  bolls  often  are  larger  and  generally  are  distinctly  broader  and 
more  abruptly  narrowed  at  the  base  than'the  bolls  of  the  same  plants 
formed  earlier  in  the  season.     A  rather  striking  example  of  seasonal 
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variation  in  boll  form  was  noted  at  the  New  Mexico  Collej>:e  of 
Agriculture  in  1926.  The  late-season  top-growth  bolls  were  notably 
sihorter  and  broader  than  bolls  that  had  developed  earlier  in  tlie 
season.  (Pis.  3  and  4.)  The  leaf  characters  and  habits  of  growth 
may  also  show  changes  late  in  the  season,  especially  on  plants  that 
start  into  new  growth  after  a  period  of  dormancy  resulting  from 
stress  conditions. 

Reference  is  made  elsewhere  to  fluctuations  in  the  shapes  of  indi- 
vidual bolls  of  tlie  same  plant,  which  are  a  further  indication  of  the 
need  of  familiarity  with  the  plants  and  of  cautious  judgment  in 
selection,  disregarding  the  differences  that  are  not  significant,  but 
not  overlooking  any  tangible  indications  of  plants  that  are  not 
representative  of  the  type.  When  the  facts  are  considered  it  is 
plain  that  mistakes  may  occur  readily  under  any  casual  procedure 
that  bases  its  decisions  on  inspections  of  individual  plants  without 
the  pi-ecauti(m  of  establishing  the  local  type.  Though  the  external 
boll  characters  are  of  little  importance  in  themselves,  thej^  are 
important  to  the  breeder  as  the  readiest  means  of  recognizing 
de])artures  from  the  type  which  are  not  signified  in  the  form  or 
foliage  of  tlie  plant.  ISIan}'  departures  from  the  type  can  be  de- 
tected in  this  way  wdthout  waiting  or  taking  the  time  that  is  necessary 
to  examine  the  lint  characters. 

A  simple  and  practical  test  of  ability  to  recognize  the  true  type  of 
a  variety  can  be  made  by  any  breeder  for  himself,  or  by  others  who 
may  witness  his  work,  in  the  correctness  of  judgment  of  the  plant 
in  relation  to  the  lint  characters.  A  beginner  in  selection  should  do 
his  first  practical  work  when  green  bolls  are  still  available,  but  after 
some  of  the  bolls  liave  opened,  so  that  the  relations  of  the  plant 
characters  to  the  ])o]l  and  lint  characters  can  be  compared,  tested,  and 
verified  repeatedly  to  any  extent  that  is  necessary  to  establish  a  full 
acquaintance  with  the  type.  A  regular  agreement  in  lint  characters 
will  l)e  found  if  the  true  type  is  being  recognized,  while  poor  and 
irregular  lint,  which  occurs  in  many  off-type  plants,  will  show  that 
the  course  of  selection  has  departed  from  the  true  type. 

A  relatively  slight  variation  in  lint  characters  may  be  found 
among  the  plants  that  adhere  to  a  type,  but  plants  of  the  good  type 
are  not  found  with  notably  poor  or  short  lint  unless  cultural  condi- 
tions are  A'eiy  unfavorable.  Serious  departui-es  in  lint  characters 
seldom  oi-  never  occur  without  depai-tures  in  plant  characters,  though 
some  of  (hese  ai-e  moiv  sti'iking  than  others.  The  assuui])tions  of 
some,  wi-ite!'s  that  plants  may  be  uniform  in  other  res])ects  but 
diversified  in  their  lint  cliaracters,  or  may  be  uniform  in  lint  while 
div('?-s('  in  other  featuj'es,  apjiarently  do  not  accord  Avith  the  facts. 

The  biological  principle  that  facilitates  type  selection  is  that 
variations  in  different  characters  are  symphanic,  or  generally  occui- 
in  conjunction,  instead  of  single  characters  being  changed  separately. 
If  the  \ai-ia(ions  wei-e  not  sympliani*-  i(  would  b(>  much  more  difficull 
to  detect  the  changes  of  individual  cliarartiM's,  as  requii-ed  in  selection 
and  roguing  of  seed  stocks.  Considering  the  oif-type  chai'acters  as 
reversions  may  help  to  ex|)lain  the  goiu'r.il  tendency  to  shorttM'  <>i- 
less  abundant  lint  among  the  oll'-lype  plants.  Such  (lepai-tuit's  I'lnin 
the  ty|H'  might  Ik-  expeeled  to  inherit  their  lint  characters  also  frum 
more  primitive  ancestors. 
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DIFFERENCES    AMONG    TYPE    PROGENIES 

Exporieneo  has  shown  that  man}-  differences  that  are  not  apparent 
at  once,  and  that  may  not  be  recognized  even  in  careful  inspection 
of  a  breeding  block,  may  still  come  through  to  the  breeder's  con- 
sciousness after  days  or  weeks  of  continuous  contacts  with  the 
plants.  A  block  of  well-selected  progenies  may  appear  to  be  very 
uniform,  with  no  outstanding  or  readily  appreciable  differences  be- 
tween the  rows,  but  slight  distinctions  become  perceptible  with  suffi- 
cient study  and  are  gradually  extended  by  comparisons  among  the 
rows. 

In  every  case  where  familiarity  with  blocks  of  progenies  has 
afforded  a'basis  of  judgment,  the  same  conclusions  have  been  reached, 
that  slight  but  consistent  differences  exist  among  the  progeny  rows. 
Adjacent  rows  have  not  been  found  that  were  exactly  alike,  nor  could 
rows  that  were  not  adjacent  be  matched  exactly,  as  should  have 
been  possible  if  self-fertilization  had  established  a  condition  of  comi- 
plete  uniformity.  A  large  proportion  of  the  seed  of  upland  cotton  is 
self-fertilized.  ^  Some  of  the  breeding  stocks  have  had  the  same 
parentage  for  many  generations  and  in  many  cases  have  been 
artificially  self-pollinated. 

More  pronounced  or  definite  differences  among  the  rows  or  among 
the  plants  in  the  rows  would  be  interpreted  as  results  of  different 
combinations  of  alternative  characters,  as  in  Mendelism,  but  the 
usual  contrasts  and  distinctive  classes  of  Mendelian  hybrids  are  not 
indicated.  The  slight  and  indefinite  nature  of  the  variations  sug- 
gests an  individual  origin,  as  though  an  incipient  tendency  of  varia- 
tion had  affected  each  parent  plant  and  had  been  carried  over  to  the 
13rogeny.  Progeny-row  differences  observed  among  type  selections  of 
Acala  cotton  may  be  indicated  briefly,  to  show"  the  general  nature 
of  the  progeny-drift,  or  genocline,  variations,  as  they  may  be  called. 

The  habit  of  the  plants  in  some  rows  is  seen  to  be  slightly  more 
compact,  in  some  more  open  and  spreading,  and  in  some  more  vig- 
orous or  a  little  taller.  The  height  of  the  plants  is  affected  not  only 
by  the  vigor  of  growth  but  also  by  slight  variations  in  the  length  of 
the  internodes.  Differences  may  be  recognized  in  the  number  and 
development  of  the  vegetative  branches,  especially  in  the  plants  with 
the  tendency  to  taller  growth.  The  fruiting  branches  vary  somewhat 
in  the  length  of  the  joints,  tending  by  degrees  to  the  cluster  or  semi- 
cluster  conditions  which  appear  frequently  in  off-type  plants.  Some 
rows  may  be  distinguished  by  having  slightly  larger  or  smaller 
leaves  than  their  neighbors.  Tlie  involucral  bracts  in  some  progenies 
tend  to  be  larger  and  more  leafy,  in  others  somewhat  smaller  or  more 
deeply  dissected.  The  bract  differences  among  progenies  are  super- 
posed on  the  larger  environmental  differences  in  the  development  of 
the  bracts,  as  shown  in  Plates  1,  4,  5,  6,  and  8. 

Also  in  the  boll  characters  slight  but  consistent  differences  may  be 
detected  among  the  progenies.  The  oval  shape  of  the  bolls  is  more 
pronounced  in  some  of  the  progenies,  while  others  tend  to  longer  and 
narrower  forms  of  bolls,  to  shorter  and  broader  forms,  or  to  other 
slight  modifications.  The  tips  of  the  bolls,  though  subject  to  much 
variation  on  the  same  plant,  offer  slight  differences  which  appear 
more  definite  when  series  are  compared.     The  difference  shown  in 
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Plate  2  between  bolls  from  two  plants  at  Indio,  Calif.,  may  illustrate 
this  form  of  variation.  The  two  lower  bolls  are  more  definitely 
tipped  than  the  three  upper  bolls. 

The  greatest  diameter  of  the  bolls  may  be  near  the  middle  in  some 
progenies,  in  others  nearer  the  base.  The  surfaces  of  the  bolls  differ 
slightly  in  texture  and  in  the  abundance  and  depth  of  the  oil  glands. 
The  black  glands  may  show  distinctly  on  a  rather  smooth  surface, 
or  the  surface  may  be  somewhat  pitted  with  small  depressions  around 
the  glands,  and  the  dark  color  may  be  less  pronounced  on  account 
of  the  glands  being  set  more  deeply  below  the  surface.  Though  the 
pitting  of  the  surfaces  of  the  bolls  is  more  frequent  and  more  pro- 
nounced in  some  localities  than  in  others,  slight  but  consistent  differ- 
ences may  be  found  in  progenies  or  individual  plants  of  the  normal 
type.  Although  the  distinction  may  not  be  clearly  seen  in  the  illus- 
trations, the  bolls  shown  in  Plate  11  have  distinctly  pitted  surfaces, 
while  those  shown  in  Plates  12,  13,  and  14  are  slightly  pitted. 

The  abundance,  length,  and  character  of  the  lint  show  slight  but 
perceptible  differences  between  adjacent  progenies.  iVlso,  different 
degrees  of  the  "  butterfly  "  tendency  may  appear,  with  the  lint  fibers 
shorter  at  the  base  of  the  seed  than  at  the  tip.  After  the  lint  is 
removed  from  the  seeds  other  slight  differences  may  be  perceptible 
in  the  coating  of  fuzz  that  is  left  on  the  surface  of  the  seeds.  The 
length,  color,  abundance,  and  distribution  of  the  short  fuzz  fibers 
are  subject  to  slight  but  consistent  chaAges  as  between  the  progeny 
rows.  The  seed  of  some  progenies  may  appear  to  germinate  more 
promptly  or  more  regularly  than  others,  or  the  seedlings  may  grow 
more  rapidly,  but  such  differences  may  be  determined  by  planting- 
depths  or  by  the  relation  of  the  rows  to  the  plow  furrows. 

Similar  indications  of  progeny  drift  have  been  observed  in  select 
stocks  of  other  varieties  of  cotton,  such  as  Lone  Star,  Durango, 
Kekchi,  and  Meade,  as  well  as  in  Egyptian  and  sea-island  cotton. 
Though  progeny  drift  is  hardly  to  be  claimed  as  a  new  fact,  it  appar- 
ently has  not  been  studied  or  viewed  as  an  evidence  of  the  nature 
of  heredity. 

In  view  of  the  uniformity  of  the  rows  and  of  the  slight  and  con- 
sistent nature  of  the  progeny-drift  differences  between  the  rows, 
this  class  of  variations  apparently  should  not  be  interpreted  as  a 
residual  of  diversity  from  previous  crossing,  but  rather  as  arising 
in  the  parent  plants,  though  in  most  cases  it  may  be  too  slight  to  be 
detected  in  a  single  individual.  The  differences  are  usually  so 
slight  that  they  become  perceptible  only  when  they  are  projected 
into  progenies,  so  that  collective  impressions  can  be  formed  and 
compared.^ 

SIGNIFICANCE    OF    PROGENY'    DRIFT 

Tlie  progeny  drift  indicates  that  the  breeder  is  not  dealing  with 
heredity  as  a  system  which  is  constant  or  capable  of  being  deUnitely 
fixed  in  a  uniform  set  of  characters,  but  rather  with  a  system  which 
is  essentially  versatile,  having  an  inherent  and  constitutional  ])ro- 
ponsity    to    clinnge.     Though    the    changes    as    shown    among    the 
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progenies  may  seem  to  be  restricted  to  rather  slight  differences,  a 
condition  of  complete  and  absolute  uniformity  is  not  attained. 

The  slight  differences  that  are  found  among  progenies,  even  in 
stocks  that  are  carefully  selected,  may  be  of  interest  from  another 
viewpoint.  It  is  possible  that  the  crossing  of  lines  of  descent,  even 
inside  the  slight  progeny-drift  diversity  of  a  type  population,  may 
retain  something  of  vigor  and  stability  in  the  stock  without  inducing 
the  greater  diversities  which  are  involved  in  the  crossing  of  different 
types  of  plants.  A  practical  uniformity  of  fiber  characters  may  be 
obtained  even  from  plants  that  are  appreciably  different,  and  cross- 
ing among  these  slightly  different  plants  does  not  produce  such  a 
diversity  of  fiber  characters  as  appears  when  widely  distinct  forms 
are  hj'bridized,  such  as  Egyptian  and  upland,  or  upland  and  sea- 
island  cotton.  As  absolute  uniformity  of  characters  may  not  be 
expected,  it  is  in  order  to  consider  the  range  of  the  minor  differences 
that  may  exist  within  the  practical  uniformity  of  a  carefully 
selected  type,  as  already  enumerated. 

The  formation  of  composite  stocks  by  bringing  together  a  collec- 
tion of  desirable  types  and  allowing  them  to  cross,  in  order  to  build 
up  superior  combinations  of  characters,  was  suggested  by  Allarcl 
(i,  f,  260-261)  in  1910  in  the  following  paragraphs: 

In  fields  of  carefully  bred  and  selected  cotton,  on  the  other  hand,  intercross- 
ing is  probably  a  beneficial  process.  As  a  result  of  a  more  or  less  complete 
blending  of  parental  characters  in  the  complicated  processes  of  inheritance, 
a  start  made  with  a  number  of  pure,  superior,  and  uniform  types  followed  by 
intercrossing  must  tend  to  bind  very  closely  within  the  heredity  mechanism 
of  the  future  plants  the  original  parental  characteristics.  Promiscuous  natural 
crossing  is  undoubtedly  one  of  the  most  potent  factors  producing  variability 
in  a  cotton  field.  A  vast  amount  of  the  so-called  inexplicable  fortuitous 
variation  is  without  doubt  traceable  to  this  cause.  A  number  of  very  promising 
distinct  long  staple  types  which  have  been  grown  several  years  in  the  experi- 
mental fields  in  Georgia  surrounded  by  varieties  and  hybrids  of  all  sorts  have 
finally  become,  through  natural  crossing,  almost  hopelessly  swamped  with 
hybrid  types  of  every  conceivable  sort. 

A  plant  that  appears  to  be  a  mutant  may  have  resulted  from  some  new  com- 
plexity of  parentage  induced  by  intercrossing.  Why  should  not  endless  re- 
adjustments of  the  hereditary  forces  tend  to  produce  exceptional  plants  far 
more  surely  than  by  any  process  of  pure  mutation?  Tb.e  writer  feels  that 
this  very  phase  of  natural  crossing  is  a  most  important  basis  for  further 
impi-ovement  in  cotton.  What  led  to  the  origination  of  the  striking  Columbia 
variety?  Was  it  the  result  of  what  we  term  mutation  forces,  or  was  it  due  to 
some  interchange  of  the  hereditary  units?  One  of  the  most  promising  upland 
long-staple  strains  the  writer  has  ever  seen  gives  strong  evidence  of  a  cross 
in  the  past. 

That  interesting  results  might  be  obtained  from  such  an  experi- 
ment, carefully  conducted  through  a  sufficient  period  of  years,  may 
not  be  denied,  though  a  uniform  product  would  not  be  expected  unless 
selection  to  single  separate  types  were  subsequently  applied.  The 
present  proposal  is  different  to  the  extent  that  only  a  single  type 
is  included,  although  the  state  of  theoretical  purity  is  not  attained, 
in  that  the  individual  lines  of  descent  are  not  absolute  duplicates. 

Allard's  suggestion  that  mass  selection  be  used  as  a  means  of 
building  up  a  superior  type  would  not  be  inconsistent  with  a  subse- 
quent use  of  type  selection  to  maintain  such  a  type  after  it  had  been 
developed.  On  the  other  hand,  the  mixture  of  widely  diverse  types 
brings  in  the  element  of  degeneration  from  crossing,  a  fact  that 
Allarcl  recognizes.    This  danger  is  avoided  by  adapting  a  type  al- 
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I'cady  ill  existence.  It  remains  to  be  determined  whether  the  crossing 
that  still  may  take  place  among  the  very  slightly  diil'erent  type 
progenies  has  any  appreciable  effect,  benehcial  or  otherwise. 

De  Vries  {4^,  j).  100)  has  observed  that  selection  has  a  double 
meaning,  first,  "the  distinction  and  isolation  of  constant  races  from 
mixtures,"  and  second,  "  the  choice  of  the  best  representatives  of  a 
race  during  all  the  j^ears  of  its  existence.'"  The  recognition  and  seg- 
regation of  a  desirable  type,  and  its  subsequent  preservation  by  se- 
lection. Avould  seem  to  be  implied.  It  is  plain  from  the  context  that 
the  reference  to  constant  races  is  not  to  l)e  taken  in  the  sense  of  a 
fixed  or  uniform  condition  of  heredity. 

Selection  applied  to  cotton  with  the  idea  of  continued  improve- 
ment may  take  a  different  line  from  that  for  maintaining  the  ty])e. 
The  development  of  a  high-producing  strain  might  be  attempted 
w'ithout  recognizing  the  need  of  holding  to  a  particular  type  of  plant 
in  the  interest  of  uniformity  and  stability  of  the  characters.  The 
apparent  effect  of  selection  would  be  most  pronounced  under  such 
a  system,  since  a  rapid  regression  would  be  taking  place  as  a  reaction 
from  the  crossing  of  diverse  types. 

That  it  may  be  possible  to  eliminate  some  or  all  of  the  perceptible 
]:)rogeny-drift  differences  by  continued  selection  and  self-fertilization 
in  separate  lines  of  descent  is  doubtless  to  be  expected,  but  an  early 
attainment  of  complete  uniformity  is  not  indicated  by  experience 
Avith  self-fertilized  strains  of  Acala  and  other  upland  varieties. 
Acala  progenies  from  self-fertilized  strains  have  not  appeared  to 
be  more  uniform  than  those  produced  in  the  usual  progeny  blocks. 
For  practical  purposes,  an  effort  to  establish  a  condition  of  abso- 
lute uniformity  in  the  type  would  be  justified  only  under  the  belief 
that  a  condition  may  be  reached  in  which  continued  selection  would 
become  unnecessary,  which  apparently  is  not  indicated. 

COTTON    VARIATIONS    UNDERLYING    THE   APPLICATION    OF 

SELECTION 

INDIVIDUAL  BOLL  FLUCTUATIONS 

Progeny  comparisons  have  shown  that  some  of  the  individual 
plants  display  a  greater  tendency  than  others  to  produce  the  variant 
forms  of  bolls,  so  that  slight  differences  in  these  respects  among  the 
progenies  of  such  plants  are  indicated  in  advance.  This  is  not  to 
say  that  all  of  the  individual  boll  fluctuations  are  of  significance  in 
heredity,  Init  when  a  consistency  of  departure  in  boll  form>  is  found, 
so  (hat  the  aberrant  bolls  of  one  progeny  or  of  one  plant  are  different 
from  tiiose  of  another,  a  tendency  to  variation  may  be  indicated, 
even  in  the  case  of  plants  that  give  no  other  suggestion  of  genetic 
differences.  A  single  boll  of  the  broad,  the  narrow,  or  the  rounded 
forms  shown  at  the  middle  and  the  right  of  Plate  4  might  be  passed 
as  of  no  significance  in  plants  with  the  more  noi-mai  boll  forms  shown 
at  liu'  left  of  that  plate,  but  not  an  occurrence  of  several  bolls  of  the 
same  divergent  foi'in.  The  three  upper  bolls  of  Plaii-  4  weii-  fioui 
»»he  plant,  the  two  lower  bolls  from  anotlier,  and  the  variant  bolls  of 
(he  two  plants  were  more  different  than  the  noinial  liolls.  This 
|)eculiai-ity  mighl  be  expected  (o  show  in  I  lie  progeny  of  a  plan(  Inn- 
ing several  of  the  variant  bolls,  thoiigii  in  other  respects  divergence 
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from  the  type  might  not  be  detected  in  advance.  Of  course,  allow- 
ance must  be  made  in  comparisons  of  boll  forms  for  differences  in 
the  number  of  locks.  Thus,  the  narrow  boll  at  the  middle  of  Plate  4 
had  only  four  locks,  while  the  other  bolls  had  five. 

ABNORMAL  VARIATIONS  OF  BOLLS 

Caution  has  also  been  advised  against  the  selection  of  cluster 
plants  and  of  plants  that  show  deformities  of  the  bolls,  which  often 
are  associated  with  the  cluster  habit.  A  statement  regarding  these 
features  is  as  follows  {23,  p.  23)  : 

The  bolls  of  the  cluster  variations  of  Acala  commonly  are  shorter  and 
broader  than  those  of  adjacent  normal  individuals,  and  often  the  broader  bolls 
show  distinct  grooves  or  folds  at  the  tips,  along  the  sutures  between  the  car- 
pels. These  "  split-nose  "  bolls  with  partly  open  sutures  are  to  be  recognized 
as  a  deformity,  comparable  to  the  hai'elip  defect  in  animals.  The  tendency  to 
open  sutures,  as  well  as  the  cluster  tendency,  should  be  carefully  avoided  in  the 
selection  of  superior  plants  to  maintain  the  seed  stocks  of  Acala  or  of  other 
varieties. 

The  open  sutures  render  such  bolls  more  accessible  to  fungi  and  bacteria,  and 
in  some  localities  sei'ious  losses  may  result  from  mildew  or  rotting  that  begins 
at  the  tip  of  the  boll.  Such  deformities  of  the  bolls  are  not  confined  to  Acala 
cotton,  but  are  even  more  common  in  Lone  Star  and  other  varieties.  Plantings 
of  Lone  Star  and  Acala  at  Manchester,  N.  C,  near  Fayetteville,  have  shown 
large  numbers  of  bolls  with  open  sutures,  and  these  are  often  accompanied  by 
rounded  protuberances  at  the  base  of  the  bolls,  alternating  with  the  carpels. 

Other  examples  of  the  extra  grooves  at  the  apex  of  the  bolls  are 
shown  in  Plates  18  and  19.  This  variation  is  considered  morpho- 
logically as  a  partial  reversion  to  a  primitive  condition  of  open 
sutures  between  the  carpels,  which  in  normal  bolls  are  completely 
obliterated.  This  interpretation  apparently  is  confirmed  by  cases  of 
greater  abnormalit}"  that  sometimes  occur,  as  shown  in  Plate  19. 
8ome  of  the  open  sutures  extend  the  entire  length  of  the  boll,  inter- 
mediate between  the  smaller  grooves  that  mark  the  fissures  where 
the  opening  of  normal  bolls  takes  place. 

The  basal  protuberances  of  the  bolls  also  occur  frequently  in  the 
Texas  big-boll  cottons,  and  possibly  are  to  be  associated  with  the 
intracalicary  organs  described  in  an  earlier  paper  on  the  general 
anatomy  of  the  cotton  plant  {25). 

The  intracalicary  organs,  as  was  noted  in  the  original  description, 
are  small  flaps  or  protuberances  standing  inside  the  calyx  and 
placed  alternately  with  the  calyx  lobes.  Another  series  of  rudimen- 
tary organs  is  often  to  be  found  inside  the  boll  as  supernumerary 
carpels.  Thus  there  are  three  kinds  of  floral  abnormalities  which 
may  be  of  the  same  general  nature,  that  is,  they  may  be  considered 
as  rudiments  of  supernumerary  organs.  It  has  been  noted  in  many 
cases  that  more  of  these  abnormalities  appeared  in  the  late-season 
bolls  than  in  bolls  that  had  developed  on  the  same  plants  earlier  in 
the  season.  But  even  in  the  late-season  bolls  more  tendencies  to 
abnormalities  were  shown  on  some  of  the  plants  than  on  neighboring 
individuals,  so  that  in  these  features  also  slightly  different  tenden- 
cies of  individual  variation  ma)^  be  detected. 

A  slight  departure  from  the  tyi>e,  which  may  be  difficult  to  detect 
and  of  no  practical  importance  in  itself,  may  serve  to  indicate  tend- 
encies of  variation  toAvarcl  abnormality,  as  stated  in  the  discussion 
of  progeny  drift.     The  forms  of  bolls  in  a  selection  of  Acala  cotton 
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at  Shafter,  Calif.,  as  shown  in  Plate  16,  are  only  sii.ditly  broader 
and  more  triangular  in  outline  than  the  normal  Acala  type,  but  the 
differences  are  consistent.  Under  widely  different  conditions,  at 
James  Island,  S.  C,  in  1927,  the  Shafter  selection  showed  a  much 
narrower  boll  form,  as  did  other  strains  of  Acala,  but  the  distinctive 
features  of  more  sloping  tips  and  more  abruptly  narrowed  bases  were 
retained,  with  the  greatest  width  of  the  boll  nearer  the  base.  The 
forms  of  bolls  at  James  Island  are  shown  in  Plates  9  and  10;  they 
should  be  compared  with  Plates  14,  15,  and  16,  illustrating  bolls  of 
the  same  stock  at  Shafter.  These  in  turn  are  to  be  compared  with 
the  examples  of  normal  boll  forms  shown  in  Plates  1  to  4. 

The  departure  from  the  normal  Acala  tj-pe  in  the  Shafter  selection 
appears  much  more  definite  when  bolls  of  the  form  shown  in  Plate 
15  are  found  to  be  common,  though  a  few  bolls  of  the  more  oval 
normal  form  continue  to  appear,  as  may  be  seen  in  the  larger  series 
of  bolls  of  this  selection  in  Plate  16.  Many  of  these  bolls  show  the 
apical  grooves  and  basal  tuberosities  which  were  associated  with 
the  cluster  tendency  in  the  statement  quoted  above  from  the  publica- 
tion of  1927.  Not  only  a  general  cluster  tendency  is  apparent  in  the 
plants  of  the  Shafter  selection,  but  pronounced  cluster  variations 
occur  rather  frequentl5%  The  association  of  the  cluster  habit  and 
aberrant  boll  forms  as  indications  of  abnormal  tendencies  therefore 
seems  warranted. 

UNIFORMITY   AN    ESSENTIAL  IN    COTTON    BREEDING 

The  problems  of  selection  may  be  better  understood  by  taking 
account  of  the  different  forms  or  factors  of  diversity  that  need  to  be 
removed  or  held  in  check  in  order  to  produce  heavy  yields  of  good 
fiber.  Though  any  features  of  diversity  are  of  interest  from  the 
breeding  standpoint,  the  fiber  and  yield  characters  are  of  primary 
importance  and  afford  a  useful  background  for  a  more  practical  con- 
sideration of  the  problems  of  selection  as  actually  encountered  in 
choosing  and  maintaining  a  superior  type. 

The  fiber  characters  and  the  yield  characters  are  alike  in  one 
respect,  in  that  they  are  not  definitely  laiown  till  the  end  of  the 
growing  season,  so  that  preliminary  selection  must  be  made  on  the 
basis  of  other  features.  Also  both  groups  include  several  characters 
which  are  essentially  distinct,  tliough  they  are  easily  confused  in 
H  common  result.  As  yet  there  has  been  no  adequate  analysis  of 
either  group  of  characters,  but  the  subject  may  be  opened  to  furtlier 
study  by  a  preliminary  sketch.  Much  fiber  is  classed  as  irregular 
without  any  effort  being  made  to  determine  the  cause  or  to  distin- 
guish the  different  kinds  of  irregularity  that  ma}''  be  represented  in 
commercial  samples.  Yield  differences  also  have  remained  very 
obscure  and  inconsistent,  for  lack  of  knowledge  of  the  ways  in  which 
the  behavior  of  the  varieties  may  be  affected  in  different  places  or  in 
different  seasons. 

Differences  in  plant  characters  might  seem  to  be  of  small  sigiiifi- 
caiifc  in  cotton,  since  only  the  seed  characters  are  of  dii'ect  economic 
importance,  the  cotton  iiber  being  an  outgrowth  from  the  seed.  Yet 
the  seed  characters  are  refiected  in  many  ways  in  the  plant  charac- 
ters, and  those  relnlions  of  plant  and  seed  characters  are  the  keys  to 
the  ai)i)lication  of  selection. 
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EFFECTS  Of    MIXING  AND  CROSSING 


As  already  indicated,  the  general  diversity  of  fiber  in  commercial 
cotton  is  contributed  largely  by  the  fact  that  the  plants  in  the  fields 
are  different  from  one  another  and  for  this  essential  reason  produce 
different  lengths  and  qualities  of  fiber.  This  factor  of  diversity  is 
due  to  the  neglect  of  selection,  the  mixing  of  seed  of  different  vari- 
eties at  the  public  gins,  and  the  crossing  of  different  kinds  of  plants 
in  the  fields.  Much  of  the  cotton  crop,  therefore,  is  produced  from 
badly  mongrelized  seed  which  can  yield  only  irregular  fiber,  even 
under  favorable  conditions  of  growth. 

AVitliout  an  examination  of  the  fiber,  or  even  in  advance  of  the 
opening  of  any  of  the  bolls,  the  diversity  of  plant  characters  in  a  field 
of  cotton  may  show  very  definitely  that  the  stock  is  mixed  or  inferior 
and  that  a  crop  of  uniform  fiber  is  not  to  be  expected.  The  diversity 
of  plant  characters  is  a  practical  index  of  diversity  of  fiber  characters, 
and  it  is  only  by  careful  selection  and  guarding  of  seed  stocks  that 
this  general  factor  of  diversity  is  to  be  removed. 

A  mistaken  idea  is  often  encountered,  that  the  yields  can  be  in- 
creased or  the  staple  improved  by  mixing  seed  of  different  varieties, 
which  is  sometimes  done  deliberately.  The  value  of  hybrid  varieties 
in  other  crop  plants  is  taken  to  indicate  that  similar  advantages  may 
be  obtained  in  cotton,  and  the  seed  is  mixed  so  that  crossing  can  take 
place.  Also  mixing  is  suggested  to  some  farmers  by  noticing  hybrid 
plants  in  the  fields,  which  often  are  larger  and  more  productive  than 
either  of  the  parent  varieties,  especially  where  grown  under  adverse 
conditions. 

The  immediate  effect  of  crossing,  as  shown  by  the  superior  hybrids 
which  appear  in  the  first  generation  of  crosses  between  upland  and 
Egyptian  cotton,  or  between  upland  and  sea-island  cotton,  is  very 
misleading.  In  such  crosses  between  the  widely  different  species,  only 
the  first  generation  of  the  hybrids  is  productive,  with  the  plants  and 
the  fiber  uniform.  In  the  second  and  later  generations  great  diversity 
appears,  with  many  of  the  plants  abnormal,  the  fiber  very  irregular, 
and  many  individuals  partly  or  completely  sterile. 

It  might  be  supposed  that  good  types  could  be  established  by 
selection  among  the  hybrids,  but  this  has  not  proved  feasible,  as  the 
breaking-up  process  continues  for  many  generations.  A  series  of 
hybrids  between  upland  and  sea-island  cotton  was  carried  for  12 
generations  w^ith  no  indication  of  finding  uniform  progenies.  Also 
many  such  experiments  have  been  made  with  the  upland  and 
Eg;}'ptian  cottons,  but  no  uniform  hybrid  stocks  have  been  obtained. 
Such  hybrids  are  in  a  different  category  from  crosses  of  closely  related 
varieties  or  strains  of  the  same  species  of  cotton.  The  effect  of  cross- 
ing between  related  varieties  is  to  induce  somewhat  greater  variation 
rather  than  to  cause  serious  abnormality. 

The  first  generation  of  a  cross  between  different  varieties  often 
shows  a  notably  greater  resistance  to  unfavorable  conditions  and 
greater  productiveness  than  adjacent  rows  of  plants  grown  from 
pure  stocks  of  seed,  so  that  some  of  the  reports  of  higher  yields  from 
gin-run  seed  than  from  well-selected  stocks  may  be  explained  as 
results  of  crossing.  In  districts  where  many  farmers  have  good 
stocks  of  seed  it  is  possible  for  large  numbers  of  true  first-generation 
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crosses  to  be  formed  as  a  consequence  of  mixing.  With  varieties  that 
are  similar,  like  those  of  the  Texas  big-boll  series,  mixtures  are  more 
difficult  to  detect,  since  the  crosses  are  not  distinguished  readily  from 
the  parent  varieties.  The  advantage  to  be  obtained  from  such  crosses 
would  depend  on  the  nature  of  the  parent  stocks.  If  tlic  parent 
stocks  have  been  selected  for  uniformity  alone,  or  without  ade(iuat('. 
testing  of  progenies,  they  may  be  low  in  productiveness  in  comparison 
with  hrst-generation  crosses. 

The  effects  of  crossing  different  varieties  of  upland  cotton  have  been 
investigated  onl}^  to  a  slight  extent,  either  from  the  standpoint  of 
determining  how  far  the  vigor  and  fertility  are  increased  in  the  first 
generations  of  such  crosses  or  by  following  the  effects  of  crossing  into 
the  second  and  later  generations,  to  see  whether  diversity  and  degen- 
eracy a])peared.  Lint  from  a  first-generation  hybrid  between  the 
Triumph  or  Mebane  cotton  and  Durango,  photographed  in  1910,  is 
shown  in  Plate  20,  in  comparison  with  lint  from  the  parent  varieties. 
The  lint  was  somewhat  longer  than  in  the  Durango  parent,  but  was 
unlike  either  of  the  parent  varieties  in  being  "butterfly";  that  is, 
with  the  fibers  shorter  at  the  base  of  the  seed  than  at  the  tip.  The 
"  butterfly  "  character  in  this  case  may  be  considered  as  a  reversion 
or  reappearance  of  an  ancestral  feature,  like  the  blue  h3^brid  pigeons 
l^roduced  by  crossing  two  white  varieties. 

In  corn  culture  it  is  possible  to  make  use  of  the  increased  vigor  of 
the  first-generation  hybrids,  since  hybrid  seed  can  be  produced  in 
practical  quantities  by  the  simple  operation  of  planting  two  varieties 
in  alternate  rows  and  cutting  off  the  tassels  of  one  variety.  This 
method  of  quantity  production  of  hybrid  seed  is  not  applicable  to  the 
cotton  plant,  in  the  absence  of  a  specialized  male  inflorescence  like  the 
corn  tassel.  The  only  possibility  thus  far  indicated  of  producing 
cotton  fiber  of  uniform  quality  from  hybrids  is  b}^  propagation  from 
cuttings,  which  under  some  conditions  are  readily  rooted.  In  dis- 
tricts where  the  plants  live  through  the  winter,  several  crops  may  be 
obtained  v.-ithout  replanting.  Apart  from  such  expedients,  which  as 
yet  have  not  been  tested,  no  prospect  can  be  seen  of  hybrids  being- 
utilized  in  the  production  of  cotton,  because  the  mixed  stocks  produce 
irregular  fiber  in  the  second  and  later  generations.  Not  only  must 
mixing  and  (h'terioration  of  seed  stocks  be  avoided,  and  careful  selec- 
tion and  roguing  applied,  but  other  causes  of  uneven  fiber  must  be 
recognized  and  eliminated  as  far  as  possible.  The  danger  of  mis- 
taking liybrid  plants  for  desirable  variations  is  avoided  under  the 
jnethod  of  type  selection. 

DIVERSITY  IX    FIBER   CHARACTERS 

The  analysis  of  commercial  samples  has  now  been  carried  to  the 
j)oint  that  machines  have  been  invented  for  sorting  and  laying  out 
tlie  hbers  according  to  length,  so  that  the  length  composition  of  th(> 
samples  can  be  more  accurately  determined.  But  such  analysis 
affords  littk'.  indication  of  the  causes  of  the  differences  in  the  lengths 
of  (be  fibers.  The  difl'ei-cnt  ehMuents  of  irregularity  nnist  be  distiii- 
^yjuished,  if  the  problem  of  uniformity  is  to  be  solved  effectively.  Tlie 
facts  must  be  interpreted  by  tracing  tlie  differences  back  to  the  seed 
stocks  oi'  to  the  conditions  of  ])i()(luc(ion  in  the  field. 
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Three  general  factors  or  foi-nis  of  diversity  that  contribute  to 
the  (litt'erences  found  in  connnercial  cotton  liber  may  be  recognized 
in  the  field.  Some  of  the  fiber  difference  can  be  traced  to  differences 
among  the  plants,  some  to  differences  among  the  fibers  that  grow 
on  the  same  seed,  and  some  to  differences  in  conditions  of  ])roduction. 
For  breeding  purposes  the  three  kinds  of  differences  should  be  espe- 
cially considered,  because  different  characters  of  the  plants  are 
involved  and  different  methods  of  selection  are  required  to  eliminate 
or  reduce  the  different  forms.  The  several  factors  contributing  to 
the  different  forms  of  diversity  should  be  recognized  and  appreciated 
in  order  to  make  proper  distinctions  in  textile  quality  and  value 
between  different  lots  of  cotton.  The  careful  analysis  that  is  now 
being  applied  by  investigators  of  the  textile  characters  of  cotton 
libers  will  have  further  meaning  when  the  differences  that  are  estab- 
lished are  traced  back  to  the  fields  and  are  understood  in  their 
]iatural  relation  to  the  production  features. 

A  fourth  class  of  differences  are  those  introduced  by  carelessness 
or  defective  machiner^^  in  handling  or  ginning  the  cotton.  Cotton 
may  be  picked  carelessly  or  left  too  long  in  the  fields.  Cotton  that 
is  ginned  when  it  is  wet  often  is  badly  damaged.  But  such  differ- 
ences should  not  be  confused  with  those  that  can  be  recognized  while 
the  plants  are  growing  or  before  the  cotton  is  picked. 


FIBER  DIFFERENCES  ON   THE  SAME  SEEDS 


All  of  the  fiber  differences  are  not  removed  by  having  the  plants 
alike  and  of  one  kind  in  the  field,  because  differences  are  also  to 
be  found  among  the  fibers  produced  on  the  same  plant  and  even  on 
the  same  seed.  Each  fiber  grows  out  as  a  separate  cell  from  the 
surface  of  the  seed  and  may  be  said  to  have  an  individuality  of  its 
own.  The  conditions  of  growth  may  affect  the  length  and  strength 
of  the  fibers  and  make  them  irregular,  but  even  under  good  condi- 
tions different  kinds  of  fibers  are  found  together  on  the  same  seeds. 
I'^sually  there  are  two  kinds  of  fibers  that  are  easily  distinguished — 
the  long  lint  fibers  that  are  taken  off  in  ginning  and  the  short  fuzz 
fibers  that  remain  on  the  seed.  In  most  of  the  varieties  of  upland 
cotton  the  fuzz  fibers  are  abundant  and  form  a  complete  covering 
of  the  seed,  so  that  even  after  ginning  the  seeds  still  appear  white. 
Some  varieties  have  less  fuzz,  and  the  black  seed  coat  shows  through, 
giving  the  seeds  a  grayish  color.  A  few  varieties  are  distinguished 
by  greenish  or  brownish  fuzz. 

The  specialization  of  two  forms  of  hairs,  the  lint  fibers  and  the 
fuzz  fibers,  is  uiore  definite  in  some  kinds  of  cotton  than  in  others, 
and  variations  sometimes  occur  with  fibers  intermediate  in  charac- 
ter between  fuzz  and  lint.  The  so-called  "  Texas  wool  "  cotton  with 
soft  greenish  lint  may  be  considered  as  such  an  intermediate  expres- 
sion of  the  characters,  having  the  length  of  normal  lint  fibers  com- 
bined with  the  bluish-green  color  and  soft  texture  of  the  fuzz  fibers. 
In  many  upland  varieties  the  fuzz  fibers  often  show  a  greenish  or 
brownish  color  although  the  lint  fibers  are  pure  white.  In  some  of 
the  tro]:)ical  cottons  the  lint  as  well  as  the  fuzz  has  a  brownish  color, 
even  a  deep  rusty  bro^wn  in  some  cases,  though  most  of  the  so-called 
brown  cottons  ai'e  only  slightly  tinged  with  a  very  light  brownish 
or  tan  color. 
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Varieties  with  white  fuzz  are  preferred  because  greenish  or 
brownish  fuzz  may  give  a  tinge  to  the  cotton,  especially  when  excess 
linters  are  run  into  the  bales  by  ginning  too  close.  Varieties  with 
colored  fuzz  would  have  a  natural  protection  against  overginning, 
as  an  excess  of  colored  linters  could  readily  be  seen,  while  the  pres- 
ence of  white  linters  is  seldom  recognized,  even  as  a  cause  of  neps 
and  waste.  The  intermediate  stages  between  lint  fibers  and  fuzz 
fibers  are  not  desirable,  as  they  add  to  the  quantity  of  substaple 
which  contributes  to  the  waste  in  spinning  or  remains  on  the  seed 
after  ginning  and  passes  into  the  linters.  If  the  fuzz  fibers  are  long 
enough  to  be  tangled  into  neps,  the  cotton  is  rendered  less  valuable 
for  spinning  purposes.  Seeds  with  too  much  fuzz  or  short  fibers 
should  be  avoided  in  selection  and  the  normal  separation  maintained 
between  the  fuzz  and  the  lint  fibers.  In  a  study  of  such  relations  in 
the  Columbia  cotton,  the  longest  and  most  uniform  lint  was  found  in 
connection  with  uniform  short  fuzz  on  the  seeds  rather  than  with 
the  seeds  that  had  the  longest  and  most  abundant  fuzz  (20). 


Inequalities  of  the  lint  fibei-s  also  are  easily  seen.  With  the  lint 
combed  straight  on  the  seed,  the  fibers  at  the  base  of  the  seed,  around 
the  i)oint  of  attachment,  often  are  found  to  be  much  shorter  than  the 
fibers  at  the  other  end  of  the  seed.  In  some  cases  the  lint  at  the  base 
of  the  seed  is  only  half  as  long  as  that  at  the  tip,  or  the  basal  fibers 
may  be  nearlj^  equal  to  the  others.  "When  the  inequality  of  the  fibers 
is  apparent  the  cotton  is  said  to  be  "  butterfly,"  since  the  combed 
samples  with  the  longer  fibers  at  the  top  suggest  the  form  of  a  but- 
terfly. The  long  fibers  may  be  lacking  only  at  the  base  of  the  seed  or 
may  be  restricted  to  a  small  area  at  the  top.  Examples  of  unequal 
buttei-fly  fibers  are  given  in  Plates  20  and  21.  The  first  instance  is 
that  of  a  h3^brid  between  the  Mebane  and  Durango  varieties,  while 
the  second  shows  reversions  to  butterfly  fiber  in  a  progeny  from  an 
off-type  Acala  plant. 

From  the  form  of  the  combed  samples  it  is  plain  that  butterfly 
cotton  is  undesirable  on  account  of  the  irregular  staple  length,  and 
variations  showing  this  tendency  are  always  to  be  rejected.  This 
precaution  is  continually  needed,  as  the  tendency  to  butterfly  varia- 
tions is  very  general,  though  much  more  pronounced  in  some  vari- 
eties and  lines  of  descent  than  in  others.  Most  of  the  eastern  snuill- 
boU  varieties  of  upland  cotton  show  strong  butterfly  tendencies.  A 
historical  example  of  butterfly  cotton  was  the  variety  called  Flora- 
dora,  which,  on  account  of  tJiis  defect,  gained  an  undesirable  })romi- 
nence  at  the  beginning  of  the  present  century.  The  Floradora  was 
recommended  as  an  earlier  and  more  productive  variety  of  upland 
long-staple  cotton  and  at  first  was  well  received,  but  when  the.  stage 
of  commercial  production  was  reached  the  reaction  among  the  manu- 
facturers was  very  unfavoi-able,  as  the  fiber  was  found  to  be  ver}' 
irregular.  The  reason  was  not  known  to  the  buyers,  though  obvious 
enough  in  the  field,  as  Floradora  showed  the  butterfly  character  to 
an  extreme  degree.  The  variation  in  length  of  fiber  on  parts  of  the 
same  seed  sometimes  was  nearly  an  inch.  The  fibers  at  the  top  of 
the  seed  attained  nearly  an  ineji  mid  a  half  in  length,  while  those 
at  the  base  of  the  seed  sometimes  were  only  half  an  inch  long.    That 
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such  a  cotton  was  selected  and  jilaced  in  cultivation  is  a  striking 
example  of  disregard  of  an  essential  character, 

ESTIMATION  OF  SUBSTAPLE 

In  addition  to  the  shorter  fibers  at  the  base  of  the  seed,  as  seen 
esj^ecially  in  butterfly  cotton,  short  lint  fibers  are  always  to  be  found 
among  the  long  fibers  on  other  parts  of  the  seed  in  all  kinds  of  cot- 
ton. Although  such  fiber  inequalities  are  universal,  in  the  sense  that 
they  occur  in  all  varieties,  varying  proportions  of  the  short  sub- 
staple  fibers  are  to  be  expected,  not  only  as  between  different  varie- 
ties, but  also  in  the  same  variety  under  different  conditions  of  growth. 
Even  under  the  most  favorable  conditions  the  fibers  are  not  of  the 
same  length,  even  within  an  eighth  or  a  quarter  of  an  inch.  Many 
fibers  much  below  the  commercial  staple  length  of  the  cotton  are 
always  to  be  found. 

That  cottons  of  all  varieties  have  substaple  or  under  fiber  can 
readily  be  seen  by  pulling  out  the  long  fibers  from  combed  samples 
and  leaving  the  short  fibers  attached  to  the  seed.  iVn  approximate 
separation  of  fibers  of  different  lengths  can  be  made  in  this  way, 
which  can  be  used  for  discrimination  of  varieties  or  strains  of  cotton 
as  one  of  the  precautions  in  selection,  or  for  showing  the  effects  of 
adverse  conditions.  The  operation  of  pulling  out  the  longer  fibers 
should  be  performed  somewhat  gradually,  to  avoid  loosening  the 
short  fibers  and  also  to  make  a  more  careful  separation  into  the  dif- 
ferent lengths  of  staple. 

FIBER   AFFECTED   BY    STRESS    CONDITIONS 

^Yliere  stress  conditions  are  severe  and  the  growth  of  the  plants 
is  checked  suddenly,  as  often  occurs  in  the  irrigated  districts  of 
the  Southwest,  the  size  of  the  bolls  and  the  development  of  the  seeds 
and  fiber  in  the  bolls  are  also  affected.  One  of  the  first  effects  of 
severe  stress  conditions  is  that  all  of  the  floral  buds  and  young  bolls 
may  be  shed.  Other  bolls  are  checked  in  their  growth  and  fail  to 
develop  the  normal  number  or  weight  of  seeds.  Abortion  of  seeds 
ma}^  occur  at  any  stage  of  growth,  from  the  small  ovules  that  form 
the  motes  to  seeds  that  reach  nearly  the  full  size  but  have  shriveled 
kernels  and  weakened  or  "  perished "  lint.  Even  on  the  seeds 
that  do  not  abort,  the  lint  fibers  do  not  grow  to  full  length,  and 
the  walls  of  the  fibers  remain  thin  and  weak.  The  shortening  of 
fiber  by  stress  conditions  often  is  readily  perceptible,  and  bolls  of 
the  same  plant  frequently  may  show  such  differences,  which  some- 
times are  taken  to  indicate  that  the  seed  has  been  mixed.  An  exam- 
ple of  shortening  of  fiber  by  stress  conditions  may  be  found  in  the 
department  Yearbook  of  Agriculture,  1928  (i?i,  'p.  239). 

With  the  varying  degrees  of  stress  and  of  impaired  growth  of 
the  fibers  in  bolls  of  different  sizes,  every  stage  of  irregularity  of 
fiber  and  of  variation  in  the  proportions  of  substaple  may  be  ex- 
pected in  commercial  samples  from  the  irrigated  districts.  The  dam- 
age to  the  fiber  from  stress  conditions  is  readily  perceptible  in  the 
fields,  not  only  by  examining  the  fiber  from  the  injured  bolls  but 
even  by  noting  the  general  development  of  the  bolls  and  the  be- 
havior of  the  plants.     The  small,  stunted,  "  pinched  "  bolls  fail  to 
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open  properW  and  are  found  not  to  contain  normal,  well-developed 
fiber. 

High  turnouts  at  the  gin  may  be  obtained  from  fields  that  have 
suffered  from  stress  conditions,  but  should  not  be  taken  as  evidence 
that  the  crop  is  good,  that  the  fiber  is  of  normal  quality,  or  that  the 
seed  is  of  special  value.  A  very  high  turnout  often  results  from  the 
seed  being  light,  since  in  periods  of  drought  the  kernel  ma}^  be 
aborted  even  after  the  fiber  has  developed. 

Later  pickings  may  be  inferior  to  earlier  pickings  of  the  same 
fields.  Stress  conditions  ma}^  act  more  severely  on  plants  that  have 
set  a  full  crop  than  on  those  that  are  developing  only  a  few  bolls, 
so  that  the  fiber  of  the  low-yielding  plants  may  be  appreciably  bet- 
ter. Picking  may  be  delayed  for  long  periods,  especially  in  the  irri- 
gated districts,  and  the  exposure  of  the  cotton  in  the  open  bolls 
may  affect  the  quality  of  the  fiber. 

In  order  to  have  comparative,tests  of  the  strength  or  other  spin- 
ning qualities  of  fiber  of  different  varieties  or  strains  of  cotton  it 
is  necessaiy  that  the  test  material  be  grown  under  the  same  condi- 
tions, preferably  in  alternating  blocks  as  required  for  definite  j'ield 
comparisons.  Such  material  was  obtained  from  a  series  of  experi- 
mental plantings  of  several  well-known  varieties  in  Texas  in  the 
seasons  of  1923,  1924,  and  1925.  The  spinning  tests  by  the  Bureau 
of  Agricultural  Economics  were  concluded  in  1928  and  showed  a 
notable  advantage  for  the  Acala  variety  in  the  breaking  strength  of 
the  yarn.  The  other  varieties,  in  the  order  of  breaking  strength  of 
the  yarn,  were  Kekchi,  Lone  Star,  Rowden,  and  Kasch. 

Studies  of  the  occurrence  of  abortive  seeds,  or  motes,  in  upland 
cotton  have  been  reported  by  Rea  {37,  3S,  39) .  Many  upland  varie- 
ties, including  Acala,  were  examined,  and  motes  were  found  in  all. 
the  proportion  varying  with  the  varieties  and  with  the  seasonal 
conditions  and  increasing  in  dry  seasons.  Abortive  ovules  are  found 
juore  frequently  at  the  base  of  the  lock,  and  in  that  position  may  be 
considered  as  normal  for  some  varieties,  in  view  of  their  general 
occurrence.  Another  reason  for  considering  the  basal  motes  sepa- 
rately is  that  they  do  not  break  the  locks  and  render  clean  picking 
more  difficult,  as  results  from  the  occurrence  of  motes  in  intermediate 
positions.  Where  the  abortion  of  seeds  is  induced  by  stress  condi- 
tions, larger  proportions  of  the  seeds  may  be  expected  to  abort  in 
prolific  varieties  like  Acala  than  in  those  that  set  fewer  bolls. 

VISIBLE   AND   INVISIBLE   CHARACTERS 

The  need  for  maintaining  tiie  achiptive  cliai-acters  of  varieties  adds 
new  elements  of  complexity  to  the  breeding  j^roblems,  since  some 
of  the  most  importaiU  characters  are  not  of  a  nature  to  be  directly 
visible  or  are  perceptible  only  under  certain  conditions.  The  visible 
changes  can  be  recognized  at  once  as  departures  from  tlie  type  and 
are  readily  i-emoved  ;  but  other  changes  may  occur  which,  although 
not  visible  at  the  time  or  while  the  same  comlitions  continnc,  may 
l»r((ime  apparent  in  later  generations,  after  the  stcuk  is  placfil  under 
ol her  conditions. 

riie  \isil)lc  changes  d<»  not  cause  serious  dillicult  ics  in  the  l)ree(liiig 
<d'  cotton  when  the  method  of"  type  selection  is  ai)plied.  i  he  phiiits 
that  adhere  to  the  type  in  their  external,  visiMi'  characters  also  are 
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found  to  liuve  the  seed  and  lint  cliiiracters  of  the  type.  This  is  a 
matter  of  observation,  which  any  breeder  or  student  of  genetics 
should  be  able  to  verify  for  himself  by  becoming  familiar  with  the 
plants.  A  close  association  exists  between  the  external  characters 
of  the  plants  and  the  seed  and  lint  characters,  not  in  the  sense  that 
particular  characters  of  the  plants  have  been  found  to  be  linked  with 
particular  characters  of  the  seed,  but  in  the  more  general  sense  that 
departures  from  the  type  in  plant  characters  generally  are  accom- 
panied by  differences  in  lint  and  seed  characters,  so  that  retention  of 
the  plant  type  is  a  practical  protection  of  the  uniformity  of  the  lint. 

It  is  possible  that  particular  departures  from  the  type  in  plant 
characters  may  be  correlated  with  particular  departures  in  lint 
characters  or  in  adaptations  to  conditions,  but  this  has  not  been 
determined. 

Though  a  single  difference  may  distinguish  an  off-type  plant,  so 
that  it  may  be  rogued  out  at  once,  definite  variation  in  a  single 
character  seldom  if  ever  occurs.  Such  cases  have  been  unsuccess- 
fully sought  for  many  years.  If  one  feature  of  a  plant  appears 
definitely  different  from  the  type,  other  off-type  features  usually 
are  not  difficult  to  find.  The  new  complex  of  characters  often  comes 
true  from  seed,  and  may  be  maintained  through  many  generations 
of  offspring  without  returning  to  the  characters  of  the  normal  type. 
A  narrow-leaf  variation  of  the  Acala  cotton  has  been  selected  care- 
fully for  numerous  generations,  but  has  not  shown  the  characters 
of  boll  or  lint  of  the  normal  Acala  type.  It  is  known  that  many 
of  these  complex  variations  behave  as  unit  characters  when  hybrids 
are  made. 

Some  of  the  differences  between  the  Lone  Star  and  the  Triumph 
or  Mebane  varieties  will  serve  as  illustrations  of  invisible  characters. 
The  external,  visible  differences  between  these  varieties  are  relatively 
slight  and  much  less  important  than  the  internal,  physiological  differ- 
ences. The  bolls  of  Lone  Star  are  slightly  larger,  the  fiber  usually 
about  one-sixteenth  of  an  inch  longer,  and  the  seed  also  slightly 
larger,  but  differences  in  these  characters  may  be  so  small  as  to  escape 
detection,  even  by  breeding  experts.  The  most  important  difference, 
and  one  that  might  be  termed  an  invisible  character  difference,  is 
that  the  Lone  Star  is  somewhat  more  vigorous  and  productive,  often 
continuing  to  set  more  fruit  after  growth  and  fruiting  have  stopped 
in  the  Mebane.  Checking  of  growth  in  the  Mebane  cotton  may 
open  the  bolls  in  advance  of  the  Lone  Star,  though  the  first  picking 
from  Lone  Star  may  be  larger:  also  the  later  pickings  of  Lone  Star 
are  often  larger,  on  account  of  continued  growth  of  the  plants  in 
the  latter  part  of  the  season. 

Lodging  of  the  stalks  is  another  difference  between  these  varieties 
that  in  many  plantings  may  not  be  perceptible,  but  it  sometimes 
appears  very  important.  Lodging  occurs  only  where  the  plants 
grow  large  and  are  heavily  loaded  with  fruit.  All  varieties  may 
lodge  where  the  growth  is  too  rank  for  the  stalks  to  support  the 
weight  of  the  plant,  but  marked  differences  in  lodging  may  appear. 
The  Lone  Star  may  remain  erect  while  the  Mebane  under  the  same 
conditions  becomes' entirely  prostrate.  At  the  next  stage  of  luxuri- 
ance, Lone  Star  also  becomes  lodged,  but  the  stalks  of  the  Acala 
are  still  stronger,  so  that  in  severaltests  the  Acala  plants  have  stood 
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erect  where  both  of  the  Texas  varieties  hiy  flat  on  the  ground.  Not 
only  is  picki^ig  more  difficult  where  the  cotton  is  lodged,  but  many 
of  the  bolls  may  be  rotted  by  lying  on  the  ground.  Half  of  the  crop 
may  be  lost  in  this  way. 

Differences  in  susceptibility  to  adverse  conditions,  though  not  per- 
ceptible in  good  fields,  become  obvious  enough  where  stress  conditions 
occur.  In  one  place  the  plants  may  appear  closely  alike,  while  in 
another  place  notable  differences  are  shown,  even  to  an  extent  that 
may  seriously  affect  the  production  of  a  crop.  It  may  be  reflected  in 
such  cases  that  the  constitution  of  the  plants  rather  than  their  ex- 
ternal characters  determines  the  success  of  production.  Such  a  dis- 
tinction may  be  usefid  in  general  discussions  of  the  breeding- 
problems,  but  should  be  applied  with  caution,  since  the  nature  of 
the  constitutional  differences  remains  to  be  determined.  Some  of 
them  may  be  connected  with  definite  unit  differences  in  the  plants,  as 
observed  among  the  visible  characters,  while  others  may  arise  from 
varying  degrees  of  stability  or  coordination  of  the  characters  as 
balancing  or  reacting  upon  each  other  in  the  course  of  development. 

The  hereditary  constitutions  of  the  plants  may  vary  in  different 
lines  of  descent  with  respect  to  the  control  or  adjustment  of  the  char- 
acters, in  addition  to  other  differences.  The  location  of  the  heredi- 
tary elements  in  the  chromatin  material  of  tlie  germ  cells  and  the 
specialized  behavior  of  this  material  during  reproduction  and  de- 
velopment are  great  advances  of  knowledge,  but  as  yet  there  is  no 
conception  of  how  the  characters  are  represented  in  transmission  or 
how  they  are  brought  to  expression  in  the  development  of  the 
individual. 

Many  of  the  external  characters  or  differences  of  varieties  ap- 
parently have  no  use,  at  least  in  the  sense  that  they  have  no  direct 
or  obvious  relation  to  production.  Some  of  the  differences  serve  as 
marks  of  recognition  for  the  types  that  have  been  separated  as  desir- 
able ;  but  this  separation  by  visible  characters,  though  it  may  be  very 
important  from  the  standpoint  of  establishing  and  maintaining  the 
uniforniity  of  seed  stocks,  does  not  afford  a  complete  and  adequate 
discrimination  of  all  of  the  differences  that  may  be  found,  even  in 
the  best  and  most  carefully  selected  strains. 

Physiological  mutations  may  be  expected  to  occur,  as  well  as 
changes  in  visible  characters,  and  may  result  in  a  decline  of  vigor 
or  fertility-  or  a  greater  susceptibility  to  adverse  conditions.  Un- 
doubtedly there  are  internal  characters  which  are  not  of  any 
din'c  t  use  or  value  under  some  conditions,  but  may  be  very  important 
in  other  places.  Care  should  be  taken  not  to  lose  any  of  the  useful 
characters  of  a  variety,  though  their  expression  may  be  limited  to 
|)articular  conditions. 

With  uniformity  in  the  visible  characters  maintained  by  type 
selection,  it  becomes  possible  to  conduct  more  effective  selection  of 
the  invisible  characters,  such  as  earliness  and  resistance  to  stress 
conditions.  Sucli  differences  will  explain  why  seed  of  the  same 
stock  may  produce  uniform  })lants  under  some  conditions,  Mobile 
under  other  conditions  the  plants  appear  more  ii-regular.  The  differ- 
ences in  the  reactions  to  the  conditions  could  not  be  detected  if  other 
forms  of  diversity  were  included  in  the  experiments.  The  larger 
differences,  as  in  habits  of  growth  and  branching  of  the  plants  or  in 
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other  structural  features,  would  mask  the  smaller  differences  and 
complicate  the  questions  of  determining  the  strength  or  weakness  of 
particular  lines  of  descent  in  the  presence  of  adverse  conditions. 

EARLINESS    CHARACTERS 

Earliness  may  be  reckoned  among  the  adaptive  or  physiological 
characters  that  are  expressed  in  the  behavior  of  the  plant  rather 
than  in  its  morphological  features,  though  certain  of  the  visible 
differences  are  not  without  significance  in  relation  to  earliness. 
Since  the  arrival  of  the  boll  weevil,  earliness  has  been  considered 
as  one  of  the  principal  characters  in  determining  the  yield,  and  has 
received  special  study.  The  problem  of  earliness  in  cotton  is  much 
more  complicated  than  breeders  have  recognized  in  the  past. 

As  might  have  been  inferred-  from  the  inconsistent  behavior  of 
varieties  in  tests  of  earliness,  several  distinct  characters  are  in- 
volved, wdiich  need  to  be  distinguished  before  a  clear  understanding 
can  be  reached  of  the  earliness  problem  as  a  whole.  Each  character 
that  contributes  to  earliness  needs  to  be  considered  separateh',  since 
different  earliness  characters  may  be  significant  in  different  experi- 
ments or  at  different  stages  of  development  of  the  crop  in  the  same 
experiment.  The  relative  importance  of  the  characters  varies  widelj'^ 
with  the  seasons.  Experience  has  shown  that  some  of  the  earliest 
varieties  are  practically  worthless  for  purposes  of  production,  but 
claims  of  special  earliness  are  still  used  to  advertise  inferior  sorts. 

Earliness  has  been  emphasized  greatly  in  recent  years,  because 
the  usual  effect  of  boll-weevil  injury  is  to  shorten  the  period  of 
setting  the  crop.  With  the  spread  of  the  weevils  through  the  Cotton 
Belt  late  varieties  were  discarded  because  they  Avere  found  to  suffer 
more  injury  than  the  early  ones.  Attention  turned  generally  to 
the  breeding  of  extra-early  varieties,  and  any  character  that  could 
be  connected  with  earliness  was  supposed  to  be  valuable.  Many  tests 
were  made  to  determine  which  varieties  produced  the  first  flowers, 
or  the  first  open  bolls,  or  gave  the  largest  yields  at  the  first  picldng, 
in  the  belief  that  these  characters  were  very  important.  Also  in- 
creased earliness  was  sought  in  such  characters  as  the  placing_  of 
fruiting  branches  lower  down  on  the  main  stalk,  or  the  shortening 
of  the  joints  of  the  fruiting  branches  as  in  the  cluster  cottons. 

In  some  of  these  projects  the  essential  feature  of  earliness  was 
overlooked.  The  practical  object  in  earliness  is  not  to  advance  the 
initial  date  of  fruiting  or  flowering,  but  to  produce  the  crop  as 
rapidly  as  possible  after  fruiting  begins.  The  earliest  varieties  are 
those  that  can  produce  the  largest  crops  under  short-season  condi- 
tions, and  this  is  the  standard  of  earliness  applied  to  the  Acala 
cotton.  The  earliness  characters,  the  methods  of  breeding  for  earli- 
ness, and  the  cultural  methods  of  inducing  earliness  should  be  con- 
sidered from  the  standpoint  of  total  production  of  the  crop  without 
placing  an  exclusive  emphasis  on  any  feature. 

EARLINESS    IN    HABITS    OF   GROWTH 

Some  earliness  characters  are  connected  with  the  habits  of  growth. 
The  production  of  fruiting  branches  at  the  lower  nodes  of  the  main 
stalk,  nearer  to  the  seed  leaves,  enables  some  varieties  to  produce 
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flowers  and  bolls  a  few  days  earlier  than  others,  but  this  character  is 
of  doubtful  value  for  practical  purposes.  Bolls  too  near  the  ground 
are  in  greater  danger  of  being  soiled  or  rotted. 

Another  limitation  of  earliness  is  that  if  bolls  are  set  when  the 
j)lants  are  too  small  less  growth  may  be  made  and  fewer  bolls  pro- 
duced. Plants  that  have  set  only  one  or  two  bolls  may  stop  growing 
in  periods  of  dry  weather,  while  neighboring  individuals  or  rows 
that  were  planted  somewhat  later  and  have  not  begun  to  fruit  Avill 
continue  to  grow  and  are  able  to  set  larger  crops  when  more  favor- 
able weather  comes.  Thus  it  is  possible  for  varieties  to  be  very  early 
and  yet  make  so  little  growth  that  only  a  small  crop  is  produced. 
Examples  of  this  behavior  were  noted  especially  in  the  Foster  variety, 
which  sometimes  showed  the  earliest  flowers  and  the  first  open  bolls, 
but  yielded  only  a  small  crop. 

A  determinate  habit,  with  a  definite  cessation  of  growth  of  plants 
after  a  crop  has  been  set,  has  been  reckoned  as  a  desirable  character, 
tending  to  earlier  maturity  of  the  crop  under  short-season  conditions. 
In  practice  it  may  be  difficult  to  distinguish  between  a  determinate 
habit  and  a  greater  susceptibility  to  checking  by  adverse  conditions. 
The  difficulty  in  making  practical  use  of  a  determinate  habit  is  that 
if  the  plants  stop  growing  they  may  lose  time  and  produce  smaller 
crops  than  varieties  that  continue  to  grow  and  are  able  to  set  fruit 
as  long  as  conditions  are  favorable.  A  variety  that  stops  growing 
in  midseason,  though  it  may  open  all  of  its  bolls,  is  not  to  be  valued 
on  that  account  as  an  early  variety,  unless  it  is  found  by  adequate 
tests  to  produce  larger  or  better  crops. 

Earliness  has  practical  value  only  in  districts  that  can  produce 
paying  crops  with  reasonable  regularity.  In  localities  where  the 
seasons  frequently  are  too  short  for  the  bolls  to  open,  so  that  practical 
yields  of  cotton  are  not  produced,  the  climatic  barrier  should  be 
recognized  instead  of  placing  hopes  in  obtaining  the  much-earliei- 
varieties  that  would  be  required  to  avoid  the  cool  weather  conditions 
in  the  fall.  The  tests  have  shown  that  Acala  is  a  very  early  variety, 
with  as  good  a  prospect  as  anj?-  other  of  maturing  a  good  crop  under 
short-season  conditions.  Many  of  the  tests  have  been  made  in  Cali- 
fornia and  leave  no  doubt  that  Acala  is  more  productive  than  Mebane 
or  Lone  Star,  as  well  as  producing  a  longer  staple. 

Efforts  are  made  to  grow  cotton  in  districts  where  the  seasons  are 
too  short,  as  in  the  northern  part  of  the  San  Joaquin  Valley  in 
California  and  in  the  Sacramento  Valley.  The  periods  between 
frosts  may  be  as  long  as  in  some  of  the  recognized  cotton-growing 
districts,  and  good  crops  of  bolls  may  develop,  but  cool  weather  often 
comes  too  early  for  the  bolls  to  open.  Favorable  seasons  may  show 
encouraging  results,  but  in  other  years  little  or  none  of  the  cotton 
can  be  harvested.  Many  comparisons  of  other  varieties  with  Acala 
have  been  made  to  determine  their  behavior  under  margiiuil  condi- 
tions. Plantings  at  the  United  States  Plant  Introduction  Garden 
at  Chico,  Calif.,  have  continued  since  1017. 

The  Delfos  variety  occasionally  has  outyielded  the  Acala  in  the  tests 
conducted  in  the  northern  districts,  though  yields  often  have  be(>n  so 
small  tliat  practical  cotton  growing  is  not  indicated.  Earlier  o]^ening 
of  tlie  l>oIls  is  the  advantage  to  be  expected  in  Delfos,  si  nee  the  bolls  are 
smaller  than  those  of  Acala  ;  but  the  lint  peicentage  or  gin  turnout  is 
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lower,  so  that  definite  advantaj^es  in  other  features  would  need  to 
be  show^n.  Tiie  higher  yields  of  Delfos  may  be  explained  by  the 
fact  that  the  seeds  are  smaller,  so  that  heavier  seeding  occurs  unless 
the  planters  are  adjusted.  The  records  of  the  experiments  at  Chico 
show  that  the  plants  generally  were  more  numerous  in  the  Delfos 
row  sections  than  in  the  Ac:ila.  Thus  a  sjiacing  effect  is  indicated, 
rather  tlian  a  larger  yield  from  earlier  opening  of  the  bolls  in  the 
Delfos  variety. 

EARLINESS    WITH    SMALT,    BOLLS 

One  variet}^  of  upland  cotton  may  be  earlier  than  another  because 
it  has  smaller  bolls  that  require  less  time  to  reach  full  size  or  that 
open  more  promptly  than  large  bolls.  In  many  comparisons  it  is 
found  that  some  of  the  small-boll  varieties  of  upland  cotton  begin  to 
open  a  few  days  in  advance  of  any  of  the  large-boll  varieties. 
Nevertheless,  varieties  with  small  bolls  are  not  preferred,  as  the 
expected  advantage  from  greater  earliness  does  not  prove  to  be  ver}^ 
important  and  is  counteracted  by  other  less  desirable  features. 

Larger  numbers  of  bolls,  of  course,  must  be  picked  in  gathering  the 
same  amount  of  lint  from  a  small-boll  variety,  and  this  requires 
more  labor.  Fifty  or  GO  large  bolls  may  jneld  a  pound  of  seed  cotton, 
while  100  or  more  small  bolls  may  have  to  be  gathered.  Pickers 
avoid  the  small-boll  cotton  and  often  refuse  to  gather  it  at  the  same 
price. 

Another  drawback  of  the  very  early  small-boll  varieties  is  the 
short  fiber  that  allows  the  seed  cotton  to  fall  out  readily  from  the 
open  bolls,  so  that  more  frequent  pickings  are  re(pired.  Otherwise 
much  of  the  cotton  may  be  lost,  especially  in  stormy  weather. 

EARLINESS  FROM  CHJ3CKING  OF  GROWTH 

Apart  from  the  production  of  early  flowers  or  bolls,  some  varieties 
are  more  susceptible  to  checking  of  growth  by  unfavorable  condi- 
tions, wdiich  often  results  in  earlier  opening  of  the  bolls.  Plants 
that  have  stopped  growing  may  open  their  bolls  with  no  obvious  sign 
of  distress,  or  the  bolls  may  be  dwarfed  or  "  pinched  "  and  opened 
prematurely.  The  more  persistent  fruiting  habits  of  the  Acala 
variety  may  be  said  to  conflict  with  that  form  of  earliness  which 
results  from  checking  the  growth  of  the  plants  by  adverse  conditions. 
Varieties  that  are  checked  more  readily  than  Acala  may  begin  to 
open  their  bolls  a  few  days  in  advance,  ])ut  tliis  usually  does  not  mean 
that  larger  yields  are  obtained. 

The  mistake  is  frequently  made,  even  among  cotton  l)reeders  ami 
experiment-station  workers,  of  reporting  a  variety  as  late  because  it 
<-ontinues  fruiting  after  other  varieties  have  ceased,  so  that  green 
bolls  may  be  found  on  the  plants  at  the  end  of  the  season.  Such 
misunderstandings  have  occurred  in  relation  to  the  Lone  Star  cotton, 
as  well  as  with  the  Acala,  since  either  of  these  varieties  may  continue 
growing  and  fruiting  after  other  varieties  have  stopped.  The 
Mebane  variety  often  is  reckoned  as  earlier,  on  account  of  showing  no 
green  bolls  at  the  end  of  the  season,  although  Acala  or  Lone  Star 
usually  yield  more  than  Mebane,  and  even  the  first  picking  may  be 
birger,  as  shown  in  carefidly  conducted  tests.  It  is  only  by  direct 
comparisons  that  such  fa<'ts  can  be  determined.     If  any  late  bolls 
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are  caught  b}'  the  frost  the  famier  naturally  feels  that  he  has  lost 
a  part  of  his  crop,  and  he  may  not  be  aware  of  advantages  already 
obtained  from  earlier  or  more  persistent  fruiting.  The  production 
of  late  bolls  is  not  inconsistent  with  earliness,  but  is  a  separate 
character  and  often  of  practical  advantage. 

Earl}^  opening  of  bolls  as  a  result  of  checking  would  not  be  consid- 
ered as  a  desirable  character,  but  rather  as  a  weakness  to  be  avoided 
by  selection,  especialh'  if  it  were  found  that  the  fiber  W' as  not  matured 
properly,  wliich  usually  is  the  case  with  bolls  that  are  opened  pre- 
maturelv  in  periods  of  drought.  Even  apart  from  injury  to  the 
fiber,  premature  opening  of  some  of  the  bolls  in  advance  of  the  main 
crop  is  not  desirable,  as  the  cotton  may  be  lost  by  falling  to  the 
ground  or  may  be  stained  or  mildewed  before  the  regular  picking 
season  arrives. 

Cotton  that  has  its  growth  checked  earl}''  and  matures  a  small 
crop  of  bolls  may  later  put  on  top  growth  and  set  another  crop  of 
bolls,  but  usually  too  late  for  them  to  open  before  frost.  A  variety  that 
escapes  checking  in  the  summer  may  open  more  bolls  in  the  fall 
than  one  that  began  to  show  open  bolls  in  the  summer,  as  a  result 
of  checking.  Some  varieties  stop  growing,  while  others  continue 
under  the  same  conditions.  Once  the  growth  is  checked,  time  is  lost 
before  it  can  be  started  again,  so  that  the  earliness  and  yield 
relations  of  varieties  often  appear  to  be  reversed  in  different  seasons. 
The  varieties  have  different  reactions  to  the  weather  conditions, 
depending  partly  upon  the  stages  reached  in  the  gro\\'th  and  fruiting 
of  the  plants  and  partly  upon  the  vigor  of  growth  or  susceptibility 
to  checking  and  shedding. 

The  extra-early  varieties,  if  placed  under  very  favorable  conditions 
where  they  are  not  checked  in  their  growth  but  are  able  to 
fruit  continuously,  may  yield  well.  On  the  other  hand,  varieties 
that  make  somewhat  more  growth  before  fruiting  is  begun  are  on  a 
safer  rooting  for  setting  good  crops  of  bolls  in  short  periods  of 
favorable  conditions,  as  in  weevil-infested  regions.  Shedding  of 
the  early  buds  or  young  bolls  may  even  appear  as  an  advantage 
under  severe  stress  conditions,  as  enabling  a  variety  to  put  on  a 
larger  crop  in  a  subsequent  period  of  favorable  Aveathcr  than  if  the 
early  bolls  are  held.  If  conditions  become  definitely  unfavorable, 
as  in  periods  of  water  shortage  or  very  hot  Aveather  in  the  south- 
western valleys,  the  varieties  that  have  set  early  bolls  are  checked 
more  than  the  others  and  lose  more  time  before  growth  is  resumed. 

aVRLINESS   INDUCED   BY    CLOSE    SPACIKU 

In  the  cooler  districts,  where  the  growing  seasons  are  shorter,  the 
precaution  of  closer  spacing  of  tlie  plants  in  tlie  rows  shouUl  not  be 
overlooked.  No  advantage  in  yield  has  Ixmmi  shown  fi-oni  leaving  the 
))lants  more  than  0  inches  apart.  Two  ])lants  in  a  hill  I'i  inches 
apart,  or  a  hoe  widtli,  is  tlie  spacing  now  generally  advised,  though 
wider  spacings  are  still  used  by  many  farmers.  With  moderately 
o[)('n  stands,  where  the  plants  avei-age  2  to  4  inches  apart,  cotton 
that  is  not  thinned  often  jaelds  nv)re  than  adjacent  rows  where  wider 
spacing  is  given. 

Restricting  the  size  of  the  plants  tends  to  an  earlier  opening  of  the 
bolls.     A\'li<M"c  close  spacings  arc  nsccl  under  short-season  ('(Miditions 
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the  advantage  may  be  strikingly  shown.  In  rows  where  there  are 
no  breaks  the  plants  are  regularly  restricted  in  size,  and  all  of  the 
bolls  may  open.  At  the  ends  of  the  rows  or  where  breaks  occur 
plants  of  larger  size  may  develop,  and  these  may  continue  their 
growth  too  late  in  the  season  for  the  bolls  to  open  before  frost. 

Cool  weather  in  the  fall  is  a  limiting  factor  of  the  crop  in  the 
more  northern  districts  of  California.  The  plants  may  stand  un- 
injured, apparently  wnth  no  change  of  condition,  during  several 
weeks  before  they  are  killed  by  frost.  Reference  has  been  made 
already  to  experiments  at  Chico,  Calif.,  where  the  rows  of  Delfos 
cotton  had  closer  stands  than  the  Acala  rows  and  gave  higher  yields, 
although  in  other  experiments  Acala  outyielded  Delfos. 

Under  long-season  conditions  different  spacings  of  the  plants  at 
6  inches,  1  foot,  or  even  2  feet  may  show  little  difference  in  the 
yields ;  but  the  yield  differences  become  much  more  pronounced  under 
short-season  conditions  and  may  amount  to  50  or  even  to  100  per 
cent  or  more,  as  demonstrated  with  Acala  cotton  at  San  Antonio, 
Tex.,  in  1914.  Under  the  conditions  of  that  experiment  the  period 
of  setting  the  crop  w^as  restricted  to  about  three  weeks,  on  account  of 
weevil  infestation  {9, 10, 11,  13,  3^). 

An  effect  of  close  spacing  in  some  cases  is  to  induce  an  abortion 
of  early  flower  buds  at  very  small  sizes,  before  they  reach  the  stage 
of  being  infested  by  the  boll  weevil.  This  is  a  notable  and  frequent 
effect  with  the  sea-island  cotton,  but  also  may  occur  with  upland 
varieties,  especially  if  checked  by  dry  weather.  In  such  cases  it  ap- 
pears that  the  losses  of  the  first  now^er  buds  in  early  stages  of  devel- 
opment are  more  than  made  good  by  setting  larger  numbers  of  bolls 
a  little  later,  since  the  plants  make  more  growth  than  if  the  early 
buds  developed,  and  the  breeding  of  early  boll  weevils  is  avoided. 

The  Acala  cotton  is  somewhat  better  adapted  for  close  spacing 
than  Mebane  or  Lone  Star,  because  the  Acala  plants  usually  are  nar- 
rower and  more  upright.  A  further  advantage  of  the  stronger 
growth  of  the  main  stalk  is  seen  in  the  rapidity  with  which  new 
fruiting  branches  are  added,  which  in  turn  makes  possible  a  rapid 
succession  of  flowers  and  bolls.  The  period  between  the  first  flowers 
of  successive  fruiting  branches  in  upland  varieties  is  two  or  three 
days,  while  the  period  between  successive  flowers  on  the  same 
branches  usually  is  five  or  six  dsLjs  {31,  33). 

EAELINESS    WITH    NARROW    LEAVES 

Soon  after  the  Acala  stock  was  introduced  from  Mexico,  a  narrow- 
leafed  variation  was  found  and  carried  for  several  years  in  Texas 
as  a  separate  selection.  Later  the  narrowleaf  stock  was  transferred 
to  southern  California.  It  seemed  that  a  cotton  with  more  open 
foliage  might  be  of  value  from  the  standpoint  of  earliness  or  from 
that  of  protection  against  the  boll  weevil,  either  by  allowing  more 
of  the  weevil-infested  squares  to  be  dried  by  the  sun  or  by  giving 
readier  access  to  poison. 

In  several  experiments  the  narrowleaf  Acala  has  matured  in 
advance  of  any  other  variety,  and  in  some  instances  has  given  the 
highest  yields,  especially  in  places  where  the  seasons  are  too  short 
for  the  other  cottons  to  open  their  bolls.  However,  in  most  of  the  tests 
the  narrowleaf  Acala  was  found  less  productive,  so  that  a  substitu- 
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tion  of  this  form  for  the  normal  broadleaf  type  could  not  be  advised. 
Without  waiting  for  such  tests  to  be  made,  the  seed  no  doubt  could 
have  been  sold  extensively,  as  the  prospective  advantages  of  the  nar- 
rowleaf  feature  could  be  used  as  effective  arguments. 

RESISTANCE    TO    ADVERSE    CONDITIONS 

The  Acala  cotton,  like  other  varieties,  suffers  severely  wlien  the 
extreme  conditions  of  heavy  soils  and  high  temperatures  are  encoun- 
tered in  some  of  the  irrigated  valleys  of  the  Southwestern  States,  but 
tlie  damage  is  not  greater  than  in  other  upland  varieties,  and  often 
is  appreciably  less,  as  shown  in  many  side-by-side  comparisons  be- 
tween Acala  and  other  varieties.  Where  comparisons  are  not  made 
and  serious  damage  occurs  to  the  Acala  fields  it  is  natural  to  sup- 
pose that  the  variety  must  be  very  susceptible,  and  this  view  is  often 
taken  by  farmers  who  are  disappointed  with  their  crops  and  do  not 
know  that  careful  comparisons  of  Acala  w^ith  other  varieties  have 
been  made. 

Since  Acala  cotton  is  more  prolific  than  other  kinds,  it  may  have 
more  buds  or  young  bolls  to  shed  when  periods  of  sudden  and  severe 
stress  are  encountered.  AUow^ance  nnist  be  made  in  such  cases  for 
differences  in  the  fruiting  state  of  the  plant  when  the  stress  periods 
occur.  The  practical  indication  of  better  adaptation  is  that  the  Acala 
cotton  generally  is  able  to  yield  more  than  the  other  upland  varie- 
ties and  to  produce  better  fiber,  even  under  extreme  conditions. 

Only  in  the  Egyptian  type  of  cotton,  represented  by  the  Pima 
variety,  has  a  greater  resistance  to  stress  conditions  been  shown  than 
in  the  Acala.  The  upland  and  Egyptian  cottons  belong  to  distinct 
species  with  many  differences  of  structure  and  behavior  that  affect 
their  environmental  reactions.  A  recent  investigation  disclosed  that 
the  leaf  temperatures  of  the  Pima  cotton  are  different  from  those 
of  the  upland  varieties  {20),  and  this  fact  throws  new  light  on  the 
apparent  ability  of  the  Pima  cotton  to  endure  high  temperatures 
with  less  injury.  From  the  readier  w'ilting  of  the  leaves  it  seeuied 
that  the  Egyptian  cottons  were  injured  more  by  hot  weather  than 
the  upland  varieties,  but  now  it  appears  that  the  wilting  of  the  leaves 
is  a  protection  against  the  excessive  transpiration  required  by  the 
upland  cottons  to  keep  the  leaves  in  a  turgid,  fresh  condition. 

Many  of  the  cotton  farmers  in  the  irrigated  valleys  of  the  South- 
west are  new  settlers  from  Texas  or  Oklahoma  or  other  States  farther 
east  and  are  not  familiar  with  the  effects  of  the  extreme  conditions 
upon  the  crop.  The  different  beliavior  of  the  cotton  naturally  is 
ascribed  to  the  variety,  and  many  efforts  are  made  to  get  seed  from 
their  home  States,  though  such  importations  are  forbidden  by  the 
l)lant-(juarantine  regulations,  in  order  to  keep  out  the  boll  weevil 
and  the  pink  bollworui. 

In  tlie  early  days  of  the  cotton  industry  in  the  Imperial  Valley  it 
was  found  that  the  Durango  cotton  was  more  productive  than  the 
Triumph  or  Mebane  cotton,  and  later  that  the  Acala  variety  was 
sligiitly  more  resistant  to  adverse  conditions  than  the  Durango. 
Even  under  very  advei'se  conditions  the  Acala  outyielded  the  Mebane 
and  Lone  Star  in  a  careful  test  that  was  made  near  Calipatiia,  Calif., 
in  1925.  Conditions  have  changed  in  recent  years  in  this  valley, 
and  other  crops  luive  been  substituted   for  cotton   on   most   of  the 
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better  lands.  The  effects  of  extreme  conditions  on  the  development 
of  the  bolls  are  shown  in  Plate  22.  The  extent  of  tJie  reduction  may 
he  seen  by  comparison  witli  Plate  28,  showing  full-size  open  bolls  of 
Acala. 

Extremes  of  heat  and  dryness  are  also  encounteretl  in  the  Coachelhi 
Valley,  but  the  plants  are  not  so  badly  injured  because  the  soils  and 
subsoils  are  much  lighter  and  more  open.  Most  of  the  flower  buds 
fall  off  during  the  stress  periods  in  the  summer  months,  but  the 
plants  continue  to  grow  and  are  able  to  set  heavy  crops  in  August 
and  September.  Large  yields  are  ol)tained,  often  more  than  2  bales 
to  the  acre,  though  in  other  ways  the  full  possibilities  of  the  variety 
arc  not  shown.  Even  in  the  best  fields  the  bolls  are  slightly  smaller 
than  those  produced  from  the  same  seed  in  districts  where  the  extreme 
conditions  do  not  occur.  Also  the  fiber  in  the  Coachella  Valley  does 
not  attain  the  full  length  or  quality  of  some  of  the  Acala  cotton  that 
other  districts  can  produce  from  the  Coachella  seed. 

Conditions  of  production  in  the  irrigated  valleys  are  extremely 
varied.  Not  only  is  a  wider  range  of  conditions  presented  than  in  the 
eastern  Cotton  Belt,  but  also  very  abrupt  changes  of  conditions.  The 
soils  in  many  localities  are  uneven,  as  could  be  well  imagined,  often 
passing  in  a  few  yards,  or  sometimes  within  a  few  feet,  from  gravel  or 
coarse  sand  too  open  to  hold  water  to  heavy  adobe  deposits  verj- 
impervious  to  water.  Even  the  loamy  or  silty  lands  that  appear 
uniform  and  fertile  may  be  difficult  to  irrigate,  and  the  behavior  of 
the  plants  nvdy  be  very  irregular,  even  in  parts  of  the  same  field. 
Land  not  properly  leveled  also  grows  very  irregular  cotton ;  the  plants 
in  high  places  are  burned  and  in  low  places  flooded  out. 

The  proportion  of  damaged  cotton  varies,  of  course,  with  the 
locality  and  the  season,  but  is  greater  in  the  districts  that  have  the 
heavy  tight  soils.  Some  of  the  heavy  soils  produce  excellent  cotton 
if  the  weather  conditions  are  not  extreme,  but  in  several  of  the  irri- 
gated valleys  periods  of  very  hot  weather  are  likely  to  occur,  and  then 
the  cotton  on  the  heav}^  land  suffers  severely,  even  with  the  best  cai-e 
that  can  be  given. 

The  effects  of  the  soil  inegularities  are  more  definitely  understood 
in  districts  where  only  one  variety  is  grown.  In  other  places  it  is 
possible  to  suppose  that  the  particular  variety  or  seed  stock  is  at 
fault.  The  farmer  who  is  not  satisfied  with  his  crop  decides  to  change 
his  variety,  instead  of  recognizing  his  errors  and  learning  to  be  more 
careful,  either  in  his  methods  or  in  his  choice  of  land. 

It  is  a  mistake  to  plant  cotton  on  land  that  is  not  adapted  and  well 
prepared  for  it.  The  cotton  that  is  grown  under  adverse  conditions 
is  of  inferior  (juality  and  should  not  be  sold  in  the  same  lots  with 
good  cotton.  The  production  of  large  quantities  of  damaged  fiber  is 
becoming  a  serious  handicap  in  the  marketing  of  the  cotton  from  the 
irrigated  valleys.  Mau}^  of  the  American  manufacturers  have  con- 
demned all  of  the  irrigated  cotton  after  receiving  shijiments  of  ir- 
regular, wasty  fiber.  The  usual  commercial  classing  of  the  fiber  often 
fails  to  distinguish  the  stress-damaged  cotton. 

The  only  way  that  has  been  suggested  for  avoiding  the  marketing 
difficulties  is  to  keep  the  cotton  from  the  good  and  bad  fields  separate. 
It  is  not  impossible  to  do  this,  as  the  condition  of  the  cotton  in  the 
fields  is  easily  recognized  by  inspection.     Even  in  the  same  field,  good 
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and  bad  areas  could  be  separated  if  the  need  of  such  precautions  were 
recognized.  As  long  as  the  separation  is  not  made,  the  farmers  must 
not  expect  to  get  more  for  their  good  cotton  than  for  the  damaged  and 
irregular  fiber,  which  determines  the  basis  price.  The  more  dis- 
criminating buyers  have  separated  much  of  the  good  cotton  and 
shipped  it  to  Europe,  leaving  the  less  desirable  remainder  to  be  placed 
in  American  markets.  A  single  commercial  agency  is  reported  to 
have  handled  about  72,000  bales  of  the  southwestern  cotton  for  export 
and  less  than  500  bales  for  the  American  market.  The  buyers  nat- 
urally desire  to  protect  themselves  as  far  as  possible  from  paying  the 
farmers  higher  prices  than  necessary,  but  greater  discrimination  of 
quality  in  the  primary  markets  undoubedly  would  result  in  better 
cotton  being  grown  (20) . 

GROWTH    i:X    COOI.    WE-VTHEB 

One  of  the  special  characters  of  the  Acala  cotton  is  an  ability  to 
grow  in  cool  weather,  which  appears  also  in  the  Kekchi  cotton  from 
Guatemala,  but  not  to  the  same  extent  in  any  of  the  upland  varieties 
previously  known  in  the  United  States.  In  several  of  the  experi- 
mental plantings  notable  differences  in  early  development  of  plants 
could  be  seen,  with  the  Acala  cotton  outgrowing  the  other  varieties 
with  which  it  was  compared,  unless  the  Kekchi  also  was  included. 
The  differences  are  not  shown  in  all  cases,  since  periods  of  cool 
weather  are  required  for  the  additional  growth  to  become  apparent. 

Late  in  the  season  the  tendency  to  continue  growth  in  cool  weather 
may  again  be  observed  in  the  Acala  cotton,  after  other  varieties  have 
become  dormant.  A  striking  example  of  this  difference  of  behavior 
was  seen  at  Sacaton,  Ariz.,  in  November,  1924,  in  comparisons  of 
Acala  with  other  varieties.  After  a  slight  frost  had  occurred  the 
Lone  Star  and  Mebane  varieties,  though  not  appearing  to  be  badly 
injured,  showed  no  signs  of  further  activit}^,  while  the  Acala  plants 
in  the  adjacent  rows  continued  to  function  and  opened  many  bolls 
in  tlie  normal  manner  before  another  frost  occurred.  The  differences 
were  obvious  in  the  field  and  were  amply  confirmed  by  the  harvesting 
of  more  cotton  from  the  Acala  block. 

An  additional  picking  was  made  November  21,  in  which  the  Acala 
block  yielded  much  more  than  the  others.  The  totals  were  51.5 
{K)unds  for  the  Acala  block,  18  pounds  for  the  Lone  Star,  and  29 
l)ounds  for  the  Mebane.  Tlie  rows  of  the  Acala  block  varied  from 
C.8  to  9  pouutls,  the  Lone  Star  rows  from  2  to  3  pounds,  and  the 
Mebane  rows  from  3  to  5.5  pounds. 

The  Lone  Star  plot,  as  noted  under  date  of  November  15,  1924, 
still  had  a  large  number  of  bolls  unopened,  while  the  Acala  plot 
had  rehitively  tew  bolls  that  were  not  open.  The  Lone  Star  block, 
on  account  of  the  plants  being  smaller,  had  somewhat  more  exposure, 
which  miglit  be  expected  to  assist  in  drying  the  soil  and  opening 
the  bolls.  On  the  other  hand,  many  of  the  Lone  Star  plants  leaned 
over  or  lodged,  while  the  Aeala  plants  stood  erect.  In  general,  it 
apjjeared  tluit  the  late  bolls  of  Acala  wei'e  held  at  least  a  foot  higher 
fi'om  the  ground  than  those  of  Lone  Star,  and  this  might  make  a 
difference  in  frost  injury.  The  frost  had  not  been  sufficient  to  freeze 
the  bolls  through,  though  many  were  blackened  on  one  side.     Such 
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injuries  ma}^  have  been  less  in  the  Acahi  block,  judging  from  the  bolls 
that  were  not  yet  opened.  A  neighboring  Durango  block  also  had 
less  cotton  open  than  Acala,  while  in  a  block  of  Hartsville  it  was 
noted  that  the  cotton  in  many  of  the  late-opened  bolls  had  not  fluffed, 
so  that  the  locks  remained  separate  and  often  fell  out.  The  lanes 
between  the  Hartsville  rows  were  well  strewn  with  cotton,  which  did 
not  occur  Avith  the  other  upland  varieties,  though  some  of  the  Pima 
cotton  also  fell  out. 

Tolerance  of  cold  in  the  Acala  cotton  may  be  connected  with  the 
fact  that  this  variety  was  obtained  from  a  table-land  district  of 
southern  JNIexico  at  an  altitude  of  about  3,000  feet.  The  summer 
climate  of  tlie  plateau  regions  in  Central  America  is  cool  and  cloudy, 
and  most  of  the  rain  falls  in  that  season. 

In  the  native  district  of  the  Kekchi  cotton,  in  eastern  Guatemala, 
the  summers  are  so  cloudy  and  wet  that  cotton  is  grown  in  the  winter. 
The  only  weather  that  is  dr}^  enough  to  pick  the  cotton  and  avoid 
rotting  the  seeds  is  a  short  period  in  the  spring  months.  The  Kekchi 
Indians  have  the  custom  of  planting  their  cotton  in  October,  so  that 
it  can  ripen  and  be  gathered  in  March  or  April.  It  is  easy  to  see 
that  selection  under  such  conditions  would  favor  the  development 
of  an  ability  to  grow  in  cool  weather. 

In  view  of  the  natural  qualifications  for  earliness  and  tolerance  of 
cool  weather,  the  possibility  of  utilizing  the  Kekchi  cotton  in  the 
northern  districts  of  California  has  been  considered,  and  comparisons 
have  been  made  with  Acala,  including  several  years  of  experimental 
plantings  at  Chico,  but  the  yields  have  not  equaled  those  of  Acala. 
The  Kekchi  cotton  at  Chico  appeared  in  some  seasons  to  be  more 
susceptible  to  injury  by  thrips,  as  the  foliage  turned  brownish  in 
advance  of  the  other  varieties.  However,  this  might  indicate  a 
greater  maturity  of  the  plants,  as  the  Kekchi  cotton,  when  it  behaves 
noi'mally,  is  an  early-maturing,  short-season  variety. 

The  ability  to  grow  in  cooler  weather  may  explain  why  the  Kekchi 
cotton  has  appeared  as  the  highest  yielding  variety  in  several  ex- 
periments in  Texas,  both  at  San  Antonio  and  at  Clarksville.  Also 
a  fact  has  been  observed  in  Texas  which  may  explain,  at  least  in  part, 
the  ability  of  the  Kekchi  cotton  to  make  more  growth  during  the 
cool  weather  in  the  spring.  The  cotyledons  or  seed  leaves  grow  larger 
in  the  Kekchi  cotton  than  in  other  upland  varieties  and  no  doubt 
function  to  a  greater  extent  and  for  a  longer  period  as  true  leaves. 
Large  cotjdedons  have  not  been  observed  in  the  Acala  cotton,  and  it 
is  certain  that  the  ability  to  make  more  growth  in  cool  weather  is 
not  confined  to  the  seedling  stage  of  the  plants  in  either  variet}^  In 
several  of  the  experimental  plantings,  in  both  Texas  and  California, 
the  Acala  and  Kekchi  cottons  have  shown  late-season  flowers  and 
bolls  after  the  other  varieties  became  dormant  from  the  cold.  A 
curious  persistence  of  the  flowers  of  Acala  cotton  after  a  night  of 
severe  frost  was  noted  at  Peoria,  Ariz.,  November  7,  1924.  Tlie  frost 
was  severe  enough  to  injure  exposed  surfaces  of  bolls,  as  well  as  to 
kill  all  the  leaves,  but  flowers  on  the  same  plants  survived.  In  some 
cases  even  the  bracts  were  killed,  but  the  petals  were  uninjured  and 
opened  normally. 

That  the  same  variety  of  cotton  should  be  able  to  outyield  other 
good  and  hard}'  varieties  both  in  the  hottest  and  in  the  coolest  dis- 


48        TECHNICAL  BULLETIN"   3  0  2,  U.  S.  DEPT.   OF  AGEICULTUEE 

tricUs  would  not  be  expected  and  might  be  considered  improbable. 
Nevertheless,  these  seemingly  contradictory  facts  may  be  capable  of 
simple  explanations.  The  hot-weather  and  cold-weather  adaptations 
no  doubt  are  separate  characters,  though  working  in  conjunction. 
Less  checking  of  growth  in  hot  weather  allows  more  advantage  to 
be  obtained  from  the  ability  to  grow  in  cool  weather.  The  extent  of 
the  advantage  would  differ  greatly  with  localities  and  also  with  the 
seasons.  In  a  Avarm  spring  or  an  open  fall  other  varieties  might  be 
on  an  equal  footing  Avith  Acala,  but  in  a  cool  spring  or  fall  the 
ability  of  the  plants  to  continue  their  growth  at  lower  temperatures 
might  have  a  definite  effect  upon  the  crop.  The  late  bolls  are  caught 
by  the  frost  in  short  seasons,  wdiich  may  be  very  disappointing  to  the 
farmer,  but  the  advantage  obtained  in  other  seasons  should  not  be 
forgotten  or  confused  so  as  to  mistake  the  production  of  late  bolls 
for  a  lack  of  earliness  in  the  variety. 

To  insure  the  retention  of  this  important  character  of  the  Acala 
cotton,  it  is  plain  that  some  of  the  selection  work  should  be  done 
in  places  and  in  seasons  that  would  serve  to  test  and  distinguish 
the  plants  or  the  progenies  with  reference  to  their  abilit}^  to  grow 
in  cool  weather. 

STRESS    EFFECTS   AND    GROWTH   DISORDERS 

From  the  standpoint  of  heredity,  the  differences  that  are  shown 
among  plants  under  adverse  conditions  may  be  considered  as  of  two 
general  kinds.  Some  of  the  differences  are  merely  responses  or 
accommodations  of  the  plants  to  irregular  conditions,  while  other 
differences  appear  to  be  inherent  in  the  plants,  although  they  may 
become  perceptible  only  under  extreme  conditions.  The  second  class 
of  differences  may  be  said  to  show  that  the  limits  of  adjustment  to 
the  adverse  conditions  are  not  entirely  the  same,  even  among  the 
members  of  carefully  selected  groups.  Also  in  some  cases  it  appears 
that  stress  effects  may  induce  heritable  changes  of  the  characters, 
though  this  has  not  been  established  conclusively. 

That  the  crazy-top  abnormalities  are  not  inherited  should  not  be 
taken  to  mean  that  no  impairment  may  occur  in  the  characters  of 
a  select  type  from  exposure  to  severe  stress  conditions  or  to  growth 
disorders.  Even  a  slight  disturbance  of  the  normal  processes  of 
heredity,  perhaps  only  to  be  distinguished  by  means  of  careful  ex- 
periments, might  cause  serious  injury  if  a  select  breeding  stock 
should  thereby  lose  uniformity. 

Diilerences  of  susce])tibility  to  adverse  conditions  comnionly  arc 
suj)posed  to  be  due  to  the  state  of  health  or  vigor  of  the  individuals 
most  affected.  I'hysiological  causes  are  assumed  without  admitting 
genetic  differences.  Allowance,  of  course,  must  be  made  for  many 
differences  that  may  be  merely  accidental  and  without  significance 
in  breeding  or  heredity,  but  there  is  no  warrant  for  denying  tliat 
genetic  differences  also  ai"e  involved  in  tlit-  reactions  to  conditions. 
Tlie  stability  and  adjiistnn'iit  of  tlie  cluiracters  may  be  snbject  to 
variation,  in  addition  to  diilerences  that  usually  are  admilted  to  exist 
among  the  clnii'actei-s  themselves.  The  effects  of  subjecting  a  seed 
stock  or  a  groM|)  ol'  iirogcnirs  (o  :i(lverse  condilions  ;nnl  of  m;d<iMg 
selections  under  such  conditions  need  to  be  sludicil  with  grc;i(cr  care. 


« 


-? 


COTTON   IMrROVEMENT   THROUGH   TYPE   SELECTION  49 

Stress  conditions  may  be  so  severe  as  to  render  all  the  j)lants  of  a 
variety  abnormal,  or  great  differences  may  be  shown  in  the  nature 
and  extent  of  abnormality.  At  the  extremes  of  the  series  of  stress 
effects  are  the  growth  disorders  or  mosaiclike  diseases  of  cotton  which 
have  been  described  in  other  papers.  The  crazy-top  disorder  of 
cotton  in  Arizona  shows  the  greatest  range  of  stress  effects,  and 
many  of  the  plants  are  reduced  to  complete  sterility.  Some  of  the 
affected  plants  produce  seed,  and  the  disorder  has  not  reappeared  in 
the  seedlings,  but  the  tests  have  not  been  carried  to  the  point  of 
determining  whether  the  quality  of  a  seed  stock  may  not  be  affected 
by  crazy  top  or  other  extreme  conditions  (19). 

The  relation  of  the  growth  disorders  of  cotton  to  mosaic  diseases 
is  still  undetermined.  Some  of  the  disorders  do  not  show-  the  mot- 
tling of  the  leaves  which  has  characterized  the  typical  mosaic  dis- 
eases, though  they  are  like  the  mosaic  diseases  in  being  manifested 
only  in  the  new  growth  of  the  plants,  wdiile  the  parts  that  are  formed 
before  the  onset  of  the  disease  remain  normal. 

Occurrences  of  the  Arizona  crazy-top  disease  in  limited  spots, 
often  with  diseased  and  normal  plants  standing  indiscriminately  in 
the  rows,  are  favorable  to  the  idea  of  an  insect-borne  virus.  In 
Texas  the  cotton-flea  leaf  hopper  has  been  suspected  of  causing  the 
cotton  plants  to  show^  an  abnormal  type  of  growth  and  become 
sterile  by  shedding  all  their  flow^er  iDuds.  Abnormal  diversities 
have  been  observed  in  late-season  top  growth  of  cotton  in  Texas 
in  districts  where  leaf-hopper  injuries  have  been  reported  earlier 
in  the  season,  though  no  definite  relation  has  been  shown  {I4,  -/'/, 
18,19,27,29). 

In  view^  of  these  extreme  effects  of  local  conditions,  it  is  in  order 
to  determine  the  possible  relations  of  such  conditions  to  the  quality 
of  seed  stocks.  Though  for  some  reasons  it  may  be  desirable  to 
make  selections  in  districts  where  exposure  to  adverse  conditions 
is  expected,  j^et  it  is  conceivable  that  conditions  might  be  too  extreme, 
so  that  regular  breeding  and  increase  of  seed  stocks  in  such  districts 
would  not  be  advantageous.  It  might  be  found  that  seed  stocks 
could  be  damaged,  at  least  in  the  sense  of  being  rendered  more  vari- 
able. Such  impairments  of  the  quality  of  seed  stocks  by  adverse 
conditions  have  not  been  demonstrated,  but  are  commonly  believed 
to  occur.  Few  farmers  would  plant  seed  from  a  low  yield  for  fear 
that  the  variety  had  run  out.  The  general  tendency  has  been  to 
restrict  all  efforts  at  selection  to  places  where  the  largest  jnelds  wei-e 
obtained.  It  now^  appears  that  this  may  be  a  mistaken  policy,  but 
difficulties  uuiy  also  be  encountered  at  the  other  extreme. 

A  remarkable  feature  in  some  of  the  grow^th  disorders  is  that  the 
individual  plants  as  they  stand  in  the  rows  show  great  diversity  in 
many  features  of  their  abnormal  growth,  not  only  in  habits  of 
branching  and  foliage  characters  but  also  in  the  ability  of  the  affected 
individuals  to  produce  flowers  and  bolls  under  adverse  conditions. 
Although  the  apparent  intensity  of  the  disease  is  seen  to  depend 
Aery  greatly  upon  the  ctmditions  of  growth,  yet  the  nature  of  the 
individual  diversities  apparently  has  no  relation  to  the  intensity  of 
the  disease  as  affected  by  the  conditions.  The  growth  of  the  ci'azy- 
(<>p  plants  l)(M-omes  more  normal  as  the  couditions  become  less  ex- 
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treme,  but  the  individual  diversities  continue  to  appear  wherever  the 
disease  can  be  recognized. 

The  range  of  diversity  in  the  growth  disorders  undoubtedly  is 
abnormal,  as  well  as  the  other  disease  symptoms,  but  similar  reactions 
of  less  extent  may  be  expected  in  the  expression  of  characters  among 
members  of  normal  strains  under  severe  stress  conditions.  Every  pos- 
sibility that  adverse  conditions  can  affect  the  quality  of  the  seed  is 
worthy  of  investigation,  in  view  of  the  popular  belief  in  the  superior 
quality  of  seed  that  is  grown  under  favorable  conditions.  Also  it  re- 
mains to  be  determined  whether  the  more  exaggerated  abnormalities 
and  diversities  that  appear  in  mosaic  or  crazy-top  affections  are  not 
intensifications  of  differences  that  may  exist  among  normal  plants, 
and  hence  of  a  nature  to  render  some  plants  more  susceptible  to 
chanoes  of  characters  when  grown  under  stress  conditions. 

FIELD  CONDITIONS  AND   PRECAUTIONS  IN   SELECTION 

CHOICE    OF   CONDITIONS   FOR   SELECTION 

Conditions  that  bring  forth  the  greatest  expression  of  differences  in 
a  seed  stock  afford  the  best  opportunity  for  selection.  Cotton  plants 
appear  more  uniform  and  the  individual  differences  among  the  plants 
are  harder  to  detect  at  the  extremes  of  growth  conditions.  With  the 
same  stock  of  cotton  planted  in  different  regions,  the  diversities  that 
can  be  seen  among  the  plants  are  much  more  apparent  in  some  places 
than  in  others.  The  most  striking  examples  of  such  differences  in 
the  extent  of  diversity  have  been  observed  in  acclimatization  experi- 
ments with  foreign  cottons  planted  in  different  districts  or  in  different 
seasons  in  the  same  district.  Also  similar  differences  in  the  extent 
of  diversity  have  been  noted  wdien  inspections  have  been  made  of  the 
same  varieties  grown  in  different  localities  from  the  same  stocks 
of  seed. 

The  greatest  expression  of  diversity  occurs  where  the  conditions 
are  balanced  between  good  and  bad.  Soil  conditions  may  be  favor- 
able, but  periods  of  hot  or  dry  weather  may  occur,  sufficient  to  check 
the  growth  of  the  plants  and  allow  the  individual  differences  in  vigor 
and  productiveness  to  become  apparent.  Differences  among  the 
plants  under  one  set  of  conditions  nuiy  be  so  slight  as  to  be  very 
difficult  or  impossible  to  detect,  but  in  other  places  readily  j^erceptiblc 
differences  may  be  found. 

Notable  contrasts  were  observed  between  the  behavior  of  the  same 
selections  of  Durango  cotton  grown  at  the  different  places  in  Texas 
in  1907.  Under  rclativel}^  dry  conditions  at  Del  Rio  obvious  differ- 
ences were  shown  between  two  selections  that  were  com])aro(l  in 
detail,  while  under  more  humid  conditions  at  Victoria  only  slight 
diiferences  could  be  detected,  which  in  all  probability  would  not  have 
been  recognized  except  for  the  previous  study  of  the  characters  at 
Del  Rio.  The  plants  at  Victoria  not  onl.y  grew  much  larger  and 
became  more  crowded  in  the  rows,  so  that  differences  in  habits  of 
growth  and  branching  were  rendered  less  apparent,  but  even  with 
cai-eful  checking  of  points  noted  at  Del  Rio,  fewer  and  less  definite 
(lifFerenres  could  be  f^)und  at  Victoria.  Xevertheless,  full  expressions 
of  the  characters  that  had  been  recognized  at  Del  Rio  as  marking 
a  superior  type  of  Durango  cotton  were  shown  later  in  many  other 
districts  of  the  Cotton  Helt. 
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Field  selection  is  complicated  unavoidably  by  the  fact  that  under 
irregular  conditions  many  of  the  differences  of  the  plants  in  size, 
vigor,  or  productiveness  are  merely  accidental.  At  the  same  time 
i-eal  differences  may  exist,  though  these  are  difficult  to  determine. 
Many  selections  may  be  made  of  plants  whose  progenies  do  not 
appear  to  have  any  special  value,  but  if  some  of  tlie  progenies  have 
the  desired  characters  of  greater  resistance  or  adaptation  to  the  con- 
ditions, and  such  progenies  are  retained  in  the  stock,  the  purpose  of 
the  selection  is  accomplished. 

The  difficulties  of  obtaining  definite  evidence  of  the  value  of  par- 
ticular progenies  should  not  be  taken  as  proof  that  differences  do 
not  exist  or  that  the  precautions  of  continued  selection  are  not 
required.  Progenies  from  poor  or  mediocre  plants,  if  grown  under 
very  favorable  conditions,  may  appear  to  be  as  good  as  progenies 
from  the  best  plants,  but  such  comparisons,  even  if  made  carefully 
in  one  place,  are  not  conclusive  evidence  that  differences  do  not  exist 
that  may  be  shown  when  the  same  stocks  are  compared  under  other 
conditions.  As  the  effects  of  such  reactions  upon  the  growth  of  the 
plants  are  cumulative  through  the  season,  only  slight  differences  of 
vigor  or  fertility  are  needed  to  produce  notable  results  in  stature  or 
yield  when  the  conditions  are  such  that  the  differential  reactions  can 
occur. 

More  careful  choice  of  conditions  for  applying  selection  becomes 
feasible  in  districts  where  all  of  the  cotton  is  of  the  same  variety 
and  of  the  same  stock  of  seed,  as  in  some  of  the  irrigated  valleys  of 
the  South  west,  where  the  Acala  variety  is  grown  exclusively.  In 
such  districts  observations  and  comparisons  of  the  differences  of 
growth,  behavior,  and  diversities  of  the  plants  in  different  fields  can 
be  made  which  are  beyond  the  range  of  study  as  long  as  such  differ- 
ences of  behavior  are  obscured  and  confused  by  the  planting  of  many 
different  varieties  and  mixed  stocks,  as  in  the  eastern  Cotton  Belt. 
The  choice  of  unfavorable  or  moderate  conditions  of  growth,  as 
affording  the  best  opportunities  of  selection,  has  not  been  customary, 
but  more  attention  needs  to  be  given  to  the  study  of  such  relations  of 
conditions  to  the  expression  of  desirable  or  undesirable  characters. 

CONDITIONS   FOR   ROGUING 

Koguing  is  easier  and  more  effective  where  individual  differences 
of  the  plants  are  more  definitely  shown.  In  order  to  be  most  effec- 
tive, roguing  needs  to  be  repeated  at  least  three  or  four  times  during 
the  season.  Some  of  the  aberrant  characters  are  shown  by  the  seed- 
lings, as  in  the  color  of  the  cotyledons  or  in  the  lobing  of  the  first 
true  leaves.  Other  oflp-type  characters  of  foliage,  growth,  or  branch- 
ing habits  become  more  'prominent  before  flowering,  and  roguing  at 
that  time  has  the  advantage  of  preventing  the  crossing  of  the  normal 
plants  with  aberrant  individuals. 

With  plants  grown  under  favorable  conditions  all  that  lose  their 
terminal  buds  should  be  removed,  as  these  generally  do  not  show 
normal  forms  or  habits  of  branching,  and  render  the  genuine  rogues 
more  difficult  to  detect.  This  precaution  is  not  applicable  where 
the  young  plants  are  badly  injured  by  the  tomosis  or  leaf -cut  dis- 
order, so  that  most  of  tlie  plants  may  lose  their  terminal   buds. 
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In  siicli  cases  the  early  gi'owth  may  be  so  irregular  that  ro^uing  is 
Jiardly  practicable  until  the  flower  and  boll  stages  are  reached. 

Plants  that  show  off-type  characters  in  the  petals,  stamens,  or 
bi-acts  can  be  recognized  and  removed  to  the  best  advantage  in  the 
early  flowering  stage.  Another  roguhig  may  be  done  to  advantage 
at  the  stage  wdien  the  early  bolls  have  attained  their  full  size,  so  the 
aberrant  boll  forms  or  failures  to  set  bolls  early  in  the  season  can  be 
detected.  Finally,  a  late  roguing  is  needed  to  reject  indivithials 
that  are  off  type  in  lint  or  seed  characters  (/). 

More  effective  roguing  can  be  done  in  progeny  blocks  and  small 
increase  plots  than  on  a  more  extensive  scale.  Close  roguing  of 
large  fields  of  cotton  is  scarcely  feasible,  as  the  effort  of  attention 
required  for  the  best  work  can  be  sustained  for  only  short  periods. 
The  removal  of  outstanding  rogues  can  be  continued,  but  when  such 
work  is  checked  later  other  aberrant  plants  are  found,  showing  that 
the  previous  operation  was  not  complete.  Even  a  partial  roguing 
undoubtedly  is  worth  while  with  any  stocks  that  are  to  be  used 
for  planting. 

PRECAUTIONS    WITH    SELECT    STRAINS 

Examples  of  concealed  adaptive  characters  have  appeared  in 
strains  of  Acala  cotton  when  tested  in  different  places.  In  compari- 
sons of  two  stocks  under  stress  conditions  at  Sacaton,  Ariz.,  the 
behavior  and  yields  differed  notably  from  other  comparisons  of  the 
same  stocks  in  California.  One  stock  bore  its  crop  early  at  Sacaton 
and  afterward  produced  only  a  few  bolls,  late  in  the  season,  while 
another  stock  continued  growing  and  fruiting  for  a  much  longer 
period.  In  this  test  the  longer-fruiting  stock  produced  a  notably 
larger  crop,  -with  differences  of  20  per  cent  or  more  in  many  of  the 
comparisons,  but  the  results  at  Sacaton  were  in  striking  contrast 
wnth  those  obtained  in  comparisons  of  the  same  stocks  in  other 
places.  At  Indio,  in  southern  California,  the  stock  that  matured 
early  at  Sacaton  was  more  uniform  than  the  other  and  produced 
more  cotton,  as  the  checking  of  growth  did  not  take  place  under  the 
Indio  conditions.  The  greater  uniformit}'  of  one  of  the  stocks  would 
give  an  advantage  in  places  where  the  stress  conditions  were  not 
sufficiently  severe  to  check  the  growth  and  fruiting  of  the  plants. 
On  the  other  hand,  the  less  uniform  stock  w^as  more  productive  at 
Sacaton,  by  virtue  of  more  persistent  growth  and  fi'uiting  under  the 
adverse  conditions. 

The  comparison  of  the  two  strains  at  Sacaton  was  repeated  in 
six  borck^'s  of  seven  rows  each,  with  the  strains  represented  by  3-row 
and  4-row  blocks  in  alternation,  or  21  rows  of  each  strain.  Sixteen 
of  the  rows  of  the  longer-fruiting  strain  ])roduced  from  15  to  20 
pounds  of  seed  cotton,  while  only  three  rows  of  the  other  strain 
produced  as  much  as  15  pounds.  The  variation  in  row  yields  in 
the  longer-fruiting  strain  was  from  12.5  to  20  i)ounds,  the  avei-age 
being  1G.8  pounds,  while  the  yield  in  rows  of  the  other  strain  ranged 
from  9.9  to  19.6  pounds,  and  averaged  13  pounds.  On  the  basis  of 
row  averages  by  blocks,  only  one  of  the  block's  of  the  longer-fruiting 
strain  was  outyielde(l  by  an  adjoining  block  of  the  other  strain. 

It  is  plain  fi'om  these  facts  that  such  a  character  as  susceptibility 
to  checking  may  exi.st  in  a  progeny  or  strain  without  being  recog- 
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uizcd.  As  long  as  the  stock  is  kept  where  the  plants  are  not  exposed 
to  sufficient  stress  to  bring  about  a  cessation  of  growth,  the  difference 
is  not  shown,  but  definite  differences  may  appear  when  the  stock  is 
transferred  elsewhere.  Precautions  against  such  impairments  of 
seed  stocks  obviously  will  need  to  be  taken,  in  oi'der  to  maintain  the 
adaptation  of  any  variety  of  cotton  to  a  wide  range  of  conditions. 
In  reality,  very  little  cotton  is  grown  under  conditions  so  ideal  that 
no  periods  of  stress  are  encountered  during  the  crop  season. 

With  cotton,  as  well  as  other  plants,  it  has  been  custonuiry  to 
recognize  differences  of  adaptation  between  the  species  and  varieties. 
But  now  it  is  seen  that  pronounced  differences  of  adaptation  nuiy  also 
exist  between  lines  of  descent  or  closely  related  strains  of  the  same 
stock  derived  within  a  few  generations  from  the  same  individual 
plant.  That  carefully  selected  strains  of  good  varieties  of  cotton  are 
more  susceptible  to  adverse  conditions  is  a  belief  that  often  finds 
expression  among  practical  breeders.  Such  differences  are  being 
shown  in  comparison  betw^een  strains  of  Lone  Star  cotton  in  Texas 
and  also  between  strains  of  sea-island  cotton  which  are  being  tested 
in  South  Carolina.  Some  of  the  sea-island  stocks  are  much  more 
susceptible  to  shedding  of  the  young  buds  and  bolls  under  adverse 
t'Duditions,  showing  that  the  full  possibilities  of  production  have 
not  been  maintained  by  the  system  of  individual  selection  used  in 
the  past. 

METHODS    OF   TESTING  PROGENIES 

The  planting  of  progenies  from  type  individuals  in  adjacent  rows 
is  useful  for  observing  their  uniformity  and  comparing  their  habits 
of  growth  and  other  plant  characters  which  show  their  adherence 
to  the  type.  Differences  that  would  not  be  detected  among  plants 
scattered  in  a  field  are  easily  recognized  by  means  of  the  progeny 
comparisons,  but  the  usual  progeny  plantings  afford  little  evidence 
regarding  productiveness  or  resistance  to  adverse  conditions.  Prog- 
eny blocks  are  subject  to  row  variation,  even  in  places  where  the 
most  regular  and  favorable  conditions  for  showing  yield  differences 
might  be  expected. 

()n  account  of  the  great  variations  of  row  yields,  adequate  tests 
of  productiveness  are  not  easily  made.  The  methods  formerly 
used  in  making  such  tests  were  found  to  be  of  little  value.  Row 
differences  that  may  be  only  accidental  are  made  to  appear  signifi- 
cant by  being  multiplied  into  acre  yields.  The  only  w^ay  that  has 
been  found  for  obtaining  effective  comparisons  of  varieties,  seed 
stocks,  or  progenies  is  to  limit  each  test  to  only  two  components. 
The  stocks  to  be  compared  are  planted  in  alternate  blocks,  usually 
of  four  rows  each,  with  three  or  four  repetitions.  This  simplifies 
the  tests  and  makes  the  results  as  definite  as  possible.  Blocks  of  at 
least  four  rows  are  desirable,  as  outside  and  inside  rows  often  yield 
differently. 

At  the  time  of  picking,  the  blocks  of  rows  are  divided  crosswise 
into  three  sections,  and  each  section  of  each  row  is  picked,  weighed, 
and  recorded  separately.  The  data  obtained  in  this  way  afford 
numerous  direct  comparisons  between  the  two  stocks  included  in 
the  test. 


54         TECHNICAL  BULLETIlSr    3  0  2,   U.   S.  DEPT.   OF  AGEICULTUEE 

Comparisons  of  the  yields  of  the  small  sections  of  rows  show  the 
regularity  or  irregularity  of  the  conditions  of  production  in  the  field 
and  afford  a  basis  of  judgment  regarding  the  value  of  the  tests.  If 
the  conditions  are  not  too  irregular,  and  consistent  differences  are 
shown  between  the  two  varieties,  the  test  is  considered  significant. 
An  alternate  block  test  of  two  varieties  requires  at  least  three  of  the 
4-row  strips  of  one  variety  and  four  of  the  other,  with  one  or  two 
guard  rows  added  to  the  outside  blocks,  making  30  or  32  rows  in  all. 
With  four  blocks  of  each  variety,  34  or  3G  rows  are  required.  "With 
the  plot  cut  across  at  picking  time  into  three  sections  there  are  90 
or  102  row  sections  to  be  picked  and  recorded,  and  usually  two  pick- 
ings are  made.  The  guard  rows  should  be  picked  and  recorded  like 
the  others,  and  they  often  afford  data  of  interest  in  interpreting  the 
experiments.  A  diagram  of  a  4-block  test  of  two  varieties  or  prog- 
enies may  be  found  in  a  recent  publication  {22). 

The  data  obtained  from  such  tests  can  be  combined  in  several  ways. 
Totals  or  averages  may  be  very  misleading  and  often  have  less 
significance  than  comparisons  that  can  be  made  in  other  ways.  The 
outside  rows  of  the  block  sections  ma}^  be  compared,  or  the  inside 
rows,  or  the  four  rows  of  each  block  section  can  be  treated  as  a  unit. 
The  nine  4-row  block  sections  of  one  variety  can  be  compared  with 
the  sections  of  the  other  variety  on  either  side,  giving  a  total  of  18 
comparisons  of  side-by-side  block  sections.  Notwithstanding  such 
precautions,  it  usually  is  not  feasible  to  determine  differences  of  less 
than  10  per  cent,  on  account  of  the  wide  variations  of  yields,  even 
among  the  row  sections  of  the  same  variety.     • 

The  need  for  such  precautions  is  appreciated  when  account  is  taken 
of  notable  differences  that  occur  in  the  yields  of  individual  rows,  even 
in  the  same  stock  of  cotton.  Acala  progenies  and  increase  stocks 
have  been  grown  for  several  seasons  in  the  same  field  at  Indio,  Calif., 
by  H.  G.  McKeever,  and  the  row  yields  have  been  recorded  separately. 
In  the  season  of  1927,  for  example,  the  progeny  rows  showed  a  range 
in  yields  from  51  to  76  pounds,  wdiile  the  yields  of  adjacent  rows  of 
increase  stock,  all  planted  from  the  same  seed,  ranged  from  44  to 
88  pounds,  and  even  reached  91  pounds  in  an  outside  row.  Also  in 
1925  and  1928  the  increase  rows  showed  greater  ranges  in  yields  than 
the  progeny  rows.  In  1926  two  outstanding  progeny  rows  yielded  93 
and  110  pounds,  respectively,  the  next  highest  progeny  row  79 
pounds,  and  the  highest  increase  row  89  pounds.  The  productive 
progeny  was  separated  and  a  regular  test  made  in  alternating  4-row 
blocks,  Avhere  it  yielded  no  more  than  the  regular  seed  stock. 
Usually  the  increase  rows  have  been  somewhat  more  numerous,  and 
this  may  explain  their  wider  variations,  though  not  reducing  the  in- 
terest of  the  data  as  illustrating  the  })henonienon  of  row  differences. 
Also,  it  was  noted  that  Ingh-yielding  and  low-yielding  rows  were 
not  consistently  in  the  same  places,  but  varied  with  respect  to 
positions  in  the  field  in  the  sevei-al  seasons. 

A  reason  for  greater  I'ow  variation  in  cotton  than  in  other  crop 
plants  may  be  found  in  the  fact  that  growth  and  fruitin*:;  are  con- 
tinued through  a  longer  season.  Cotton  is  a  plant  of  tropical  origin 
and  makes  only  slow  growth  in  tlie  spring,  or  until  the  weather  and 
tlie  soil  are  ^\■al•m.     Soil  differences  no  doubt  ai'e  responsible  dii-ectly 
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for  much  of  the  row  variation,  though  not  for  all.  Slight  differences 
in  depth  of  planting  may  influence  germination,  or  the  seedlings  may 
stand  in  better  or  worse  relation  to  furrows  made  by  plows  or  culti- 
vators. Such  accidents  may  affect  the  growth  of  the  roots  or  the 
supply  of  irrigation  water.  Kows  that  have  a  better  start  in  the 
spring  and  occupy  more  soil  are  able  to  maintain  the  advantage 
through  the  season,  so  that  a  cumulative  effect  is  obtained.  The 
stands  also  affect  the  row  yields,  but  to  a  variable  extent.  Rows  with 
close  stands  may  have  distinct  advantages  in  some  places,  while  in 
other  places  rows  with  more  open  stands  may  be  equally  productive. 

COMPARING    TYPE    PROGENIES    IN    GROUPS 

Adequate  testing  of  large  numbers  of  progenies  by  repeated  corii- 
parisons  in  several  places  to  determine  their  reactions  to  different 
conditions  would  hardly  be  feasible  as  a  breeding  method.  Much 
more  seed  would  be  needed  for  making  such  tests  than  usually  is 
available  from  single  plants,  and  the  increase  of  numerous  stocks 
of  seed  in  separate  isolated  plantings  is  a  difficult  undertaking.  Less 
complicated  tests  probably  would  prove  more  serviceable  in  practice. 
Groups  of  progenies  from  different  places  could  be  brought  together 
and  compared,  or  seed  stocks  developed  by  type  selection  in  different 
places  could  be  compared  to  see  if  differences  of  adaptation  could  be 
found.  Or  progenies  from  different  places  might  be  planted  in 
blocks  and  these  alternated  with  the  best  available  seed  stock  to  see 
whether  any  indications  of  greater  value  for  selections  made  in  the 
different  places  could  be  detected. 

The  provision  of  adequate  quantities  of  seed  as  the  basis  of 
practical  tests  is  often  overlooked.  For  a  single  comparison  in 
alternating  4-row  blocks  not  less  than  a  half  bushel  of  seed  (15  to 
20  pounds)  of  each  kind  should  be  available.  Usually  such  com- 
parisons need  to  be  made  in  successive  seasons  or  in  several  places, 
if  results  of  practicable  value  are  to  be  obtained.  Such  undertakings 
commonly  miscarry  for  lack  of  an  adequate  supply  of  seed.  From 
10  to  50  bushels  of  seed  should  be  reserved  from  stocks  sufficiently 
promising  to  warrant  thorough  testing,  in  order  to  have  seed  avail- 
able for  a  prompt  increase  of  any  stock  as  soon  as  a  special  value 
is  indicated. 

Under  the  system  of  type  selection  here  projected  these  tests  of 
progenies  or  seed  stocks  in  alternate-block  comparisons  would  be 
made  when  definite  determinations  of  the  values  of  different  seed 
stocks  were  necessary  or  desirable.  The  testing  of  all  the  progenies 
would  not  be  attempted,  but  only  of  those  that  were  to  be  separated 
as  the  basis  of  new  stocks. 

The  effects  of  self-fertilization  also  might  be  determined  more 
definitely  in  the  same  manner  by  comparing  series  of  progenies 
that  had  been  self-fertilized  for  several  generations  with  others 
raised  from  seed  of  the  same  lots  and  grown  under  the  same  con- 
ditions, but  not  protected  from  crossing  with  other  progenies.  Such 
comparisons  would  need  to  be  made  in  different  places,  in  order  to 
determine  whether  differences  of  adaptation  could  be  detected  or 
variations  in  the  extent  of  diversity  were  shown  among  the  prog- 
enies or  lines  of  descent.     All  the  experiments  that  are  carried  to 
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the  sta^re  of  yield  comparisons  must  be  on  a  rather  large  scale  and 
are  rather  difficult  and  costly. 

If  progenies  are  carried  in  sufficient  numbers,  provisional  com- 
parisons of  their  behavior  under  different  conditions  ma}'^  be  made, 
oven  with  small  quantities  of  seed,  and  any  that  give  signs  of  being 
■weak  or  defective  may  be  rejected.  Such  comparisons  and  rejections 
would  be  used  merely  as  a  jDrecaution,  without  waiting  for  the  more 
careful  tests  that  would  be  necessary  to  prove  that  an  actual  de- 
ficiency existed.  If  progeny  parents  are  selected  under  favorable 
conditions,  enough  seed  may  be  obtained  for  small  plantings  in  two 
or  three  places,  or  tests  in  several  places  could  be  made  with  seed 
that  had  been  increased  in  a  progeny  block.  Self-fertilized  seed  of 
each  progeny  could  be  obtained  in  limited  quantities  for  tests  of 
the  inheritance  of  recessive  characters  or  of  reactions  under  differ- 
ent conditions.  The  production  of  larger  quantities  of  self -pollinated 
seed  in  sci-eened  inclosures  apparently  is  feasible  to  save  the  labor 
of  artificial  pollination. 

Another  procedure  that  may  be  advisable  in  some  districts  is  to 
divide  progeny  seed  for  planting  in  successive  seasons,  reserving 
at  least  half  of  the  supply  of  seed  for  the  second  year.  Progenies 
that  give  any  signs  of  inferiority  in  the  first  season  may  be  thrown 
out,  to  the  advantage  of  a  progeny  block  in  the  next  year  grown 
from  the  reserved  seed.  Also,  by  bringing  the  more  promising  prog- 
enies more  closely  together  in  the  second  season  the}^  i^i'^y  be  com- 
])ared  to  better  advantage  and  with  less  danger  of  good  progenies 
being  injured  by  crossing  with  inferior  pollen. 

I'sing  a  group  of  progenies  instead  of  a  single  progeny  as  the  basis 
of  a  stock  would  not  mean  that  a  single  definitely  superior  progeny 
could  not  be  separated  and  put  into  use,  after  its  special  value  had 
been  determined  by  adequate  tests.  The  same  method  of  selection 
would  be  continued  after  such  a  substitution  had  been  made,  since 
the  same  need  would  exist  for  maintaining  the  new  stock,  and  there 
would  be  the  same  danger  of  departing  from  the  type  by  selecting 
unintentionally  a  progeny  or  line  of  descent  lacking  an  essential 
character.  The  choice  of  a  single  plant  with  an  unrecognized  defect 
may  impair  the  entire  stock  of  seed,  if  dependence  is  placed  on  the 
increase  of  a  single  progeny  to  furnish  the  breeding  stock. 

In  the  selection  of  Acala  cotton  the  precaution  was  taken,  in  the 
interest  of  safety,  of  saving  the  two  best  progenies,  those  that  seemed 
lo  have  the  most  uniform  ex])ression  of  the  recognized  Acala  char- 
acters. One  of  these  progenies  was  planted  and  the  other  held  in 
leserve. 

Progenies  that  showed  any  deficiency  or  appreciable  deparlute, 
from  the  type  were  rejected,  while  the  others  went  with  the  incivase 
stock  raised  from  the  progeny  that  was  considered  best  in  the  previ- 
ous year,  to  provide  tor  a  more  ra))id  increase  to  the  volume  m- 
(|iiiied  to  supply  the  connnunity.  Untiei-  (liis  procedure  about  seven- 
i'ighths  of  tlic  increase  stock  was  deri\id  from  a  single  best  phint, 
with  the  otlier  progenies  contributing  only  a  small  pro|)ortion.  Most 
of  the  progenies  were  from  j)lants  of  the  best  row  of  the  pi-eceding 
y<'ar,  and  nearly  all  of  the  stock  from  one  jdant  of  two  years  before, 
(•r  in  all  cases  not  more  than  four  seabons  fiuni  a  conunon  iineestor. 
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PROGENY   COMPARISONS   IN   DIFFERENT  PLACES 

Foi-  tliroo  seasons,  h('<ji;innini!:  in  U)26,  a  series  of  about  20  Acala 
proocMiies  has  been  planted  foi-  comparison  in  three  places — Shafter 
and  liard,  Calif.,  and  State  College,  N.  Mex.,  near  Las  Cruces.  The 
same  series  was  included  in  the  main  progeny  phmting  at  Indio, 
Calif.,  where  most  of  the  progeny  selection  work  with  Acala  cotton 
in  recent  years  has  been  done  by  H.  G.  McKeever.  Studies  of  these 
progenies  have  been  made,  but  without  finding  pronounced  diifer- 
ences  of  adaptation  among  those  included  in  the  series.  Slight  dif- 
fei-ences  of  local  reactions  were  perceptible,  to  the  extent  that  pro- 
genies noted  as  being  most  alike  in  some  of  the  plantings  did  not 
show  the  same  similarity  in  other  places,  but  no  such  contrasts  were 
found  as  between  the  Acala  seed  stocks  that  were  compared  at  Saca- 
ton,  Ariz.,  in  1927  and  1928,  as  already  described.  This  may  indicate 
that  such  divergencies  are  not  of  frequent  occurrence.  Differences 
between  the  progenies  are  more  apparent  at  Shafter  and  at  State 
College,  especially  in  the  boll  characters,  on  account  of  a  better 
development  of  the  bolls  at  these  localities  than  at  Indio  or  at  Bard. 
Higher  temperatures  prevail  at  Indio  and  Bard  during  the  growing- 
season  than  at  the  other  places. 

An  example  of  possible  effects  of  local  environments  on  the  quality 
of  seed  stocks  was  observed  at  Kerrville,  Tex,,  in  1907,  of  which  a 
brief  account  was  published  in  19()9  (6').  Numerous  off-type  plants 
were  found  in  a  field  of  Triumph  cotton  grown  from  seed  obtained 
from  the  breeder  of  the  variety,  Alexander  Mebane,  at  Lockhart, 
Tex.  As  the  Mebane  seed  stock  at  Lockhart  had  been  inspected  the 
previous  year  and  found  to  be  very  uniform,  the  off-type  plants  that 
appeared  at  Kerrville  were  especially  noted  and  seed  saved  for  plant- 
ing the  following  season.  Their  characters  did  not  indicate  that 
the  off'-type  plants  were  a  result  of  crossing  or  accidental  mixture 
of  other  varieties.  The  range  of  diversity  was  very  wide  among 
the  off'-type  individuals,  but  several  plants  were  alike  in  having  very 
small  bolls  which  did  not  open  before  frost,  so  that  no  seed  was 
obtained.  Progenies  of  the  other  off'-tjq^e  plants  were  raised  the 
following  season,  and  in  several  of  these  a  definite  inheritance  of 
the  off-type  characters  was  shown.  It  may  be  assumed  that  the  en- 
vironmental conditions  at  Kerrville  permitted  certain  characters  to 
come  into  expression  which  had  been  suppressed  or  restricted  at 
Lockhart,  except  that  too  many  differences  appeared  for  the  effect 
to  be  considered  as  a  simple  effect  of  environment.  Hence  there 
could  be  little  doubt  that  definite  variations  had  occurred  in  the 
jilanting  of  Triumph  cotton  at  Kerrville. 

Adequate  comparisons  should  be  made  between  progenies  and 
seed  stocks  selected  under  stress  conditions  and  those  produced  under 
more  favorable  conditions.  Blocks  of  progenies  from  stress-condi- 
tion localities  could  be  compared  under  favorable  conditions  with 
standard  seed  stocks  or  with  other  blocks  of  progenies  selected  from 
superior  stocks  grown  under  favorable  conditions.  Such  plantings 
would  serve  the  double  purpose  of  determining  whether  any  differ- 
ences in  the  qualities  of  different  lots  of  progenies  could  be  detected, 
and  of  increasing  the  stocks  of  carefully  selected  seed.  Any  proge- 
nies that  proved  inferior  or  off'type  should  be  rejected,  and  in  rogu- 
ing  the  progeny  blocks  account  should  be  taken  of  the  numbers  and 


58         TECHNICAL  BULLETIN    3  0  2,   U.  S.  DEPT.   OF  AGKICULTUEE 

characters  of  the  off-type  jDhmts  in  the  stocks  from  the  different 
jDlaces,  to  determine  whether  any  consistent  differences  can  be  found 
in  the  nature  and  extent  of  such  variations  from  the  type.  To  check 
these  results,  similar  comparisons  should  be  made  in  the  stress- 
condition  localities  to  see  whether  the  local  selections  show  any 
differences  of  behavior  or  differences  from  good  seed  stock  produced 
elsewhere. 

Another  test  of  possibilities  of  local  variation  might  be  had  by 
making  a  series  of  progeny  selections  in  the  same  stock  in  several 
different  places  and  then  comparing  these  series  of  progenies  in  the 
several  places.  Such  comparisons  would  show  whether  special  char- 
acters or  values  appeared  in  particular  progenies  or  Avhether  the 
series  of  progenies  from  some  places  were  better  than  those  from 
other  places.  Consistent  differences  among  such  groups  of  progenies 
would  indicate  that  different  characters  were  involved  in  the  pro- 
ductiveness of  the  parent  plants  at  the  different  places. 

SUMMARY  AND  CONCLUSIONS 

How  selection  is  to  be  applied  most  effectively  in  maintaining 
superior  varieties  is  the  general  breeding  problem  of  the  cotton 
industry.  The  theories  and  methods  of  selection,  in  order  to  serve 
this  puri:)Ose,  require  careful  revision  in  the  light  of  new  facts.  The 
factors  of  heredity  involved  in  the  preservation  of  the  varieties  need 
to  be  studied  with  as  much  care  as  the  factors  that  are  involved  in 
the  development  of  new  varieties.  The  production  of  novelties  has 
engaged  the  attention  of  plant  breeders  almost  exclusively.  A  differ- 
ent technic  has  become  necessary,  and  a  closer  approach  to  methods 
of  continued  selection  employed  in  animal  breeding.  The  contrast 
between  animal  breeders  and  plant  breeders  in  the  theory  and  prac- 
tice of  selection  is  taken  to  indicate  that  the  state  of  knowledge 
among  plant  breeders  is  relatively  backward,  especially  in  the 
features  relating  to  the  preservation  of  varieties. 

The  history  of  Acala  cotton  affords  practical  illustrations  of 
numerous  breeding  problems,  showing  limitations  of  the  methods 
that  have  been  relied  upon  in  the  past,  indicating  the  reasons  for 
these  limitations,  and  leading  to  the  recognition  of  a  more  effective 
method  of  preserving  the  true  characters  of  the  variety,  as  well  as  of 
maintaining  the  purity  and  uniformity  of  the  stocks  of  seed. 

The  new  method  is  called  type  selection,  in  order  to  direct  atten- 
tion to  the  essential  requirement  of  recognizing  a  single  type  of  plant 
as  the  basis  of  selection  and  thus  maintaining  the  uniformity  of  the 
stock.  To  appreciate  and  apply  the  new  method  to  the  best  ad- 
vantage, it  is  necessary  to  analyze  and  discriminate  carefully  be- 
tween type  selection  and  several  other  methods  that  have  been  used  in 
the  past,  including  mass  selection,  individual  selection,  and  progeny 
selection. 

The  two  [)riii(i|);il  tlicoiics  of  selection,  as  accepted  in  many  scien- 
tific treatises  and  textbooks.  i)rove  to  be  misleading  when  iii)plie(l  to 
cotton  breeding,  since  both  have  tended  to  obscure  the  need  for  con- 
tinued selection  as  a  means  of  preserving  superior  varieties.  The 
theory  of  continued  inijirovement  by  selection  encourages  frequent 
changes  of  varieties  and  coiiti-iljutes  to  tlie  unfoi'tunate  custom  of 
seed  dealers  of  bringing  out  a  succession  of  untried  new  sorts  which 
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are  advertised  and  sold  for  a  few  years  and  then  discarded.  On  the 
other  hand,  the  pure-line  theory  has  led  many  to  suppose  that  pure 
stocks  would  remain  uniform  without  further  selection. 

Comparisons  of  large  numbers  of  progenies  of  different  species 
and  varieties  of  cotton  show  the  general  occurrence  of  off-type  plants 
and  also  of  slight  but  consistent  differences  among  progeny  rows  of 
the  same  purebred  stock.  The  recognition  of  these  progeny-drift 
variations  affords  a  better  understanding  of  tlie  need  of  continued 
selection,  in  order  to  preserve  the  characters  of  superior  varieties  of 
cotton,  and  to  maintain  a  uniform  expression  of  the  characters 
through  periods  of  years.  The  need  of  selection  is  seen  to  be  apart 
from  the  question  whether  a  further  improvement  of  the  variety  is 
possible,  and  the  arguments  that  have  been  used  in  the  discussion 
of  this  question  need  not  complicate  the  work  of  the  practical  breeder. 

A  new  requirement  of  selection  is  recognized  in  the  need  for  main- 
taining the  adaptation  of  varieties  to  a  wide  range  of  conditions. 
Many  comparisons  have  been  made  of  the  behavior  of  the  same  series 
of  varieties  under  different  conditions  and  have  shown  that  a  wide 
range  of  adaptation  is  practicable.  Selection  and  testing  of  prog- 
enies under  different  conditions  is  recognized  as  a  means  of  preserv- 
ing the  adaptive  characters  of  varieties,  which  otherwise  may  be  lost 
even  without  being  recognized.  To  maintain  the  selection  of  a  type 
it  is  necessary  to  be  aware  of  as  many  of  the  characters  as  possible, 
both  visible  and  invisible,  so  that  all  of  the  essential  characters  of  the 
type  may  be  carefully  guarded. 

'  The  usual  methods  of  comparing  progenies  in  single-row  plantings 
in  breeding  blocks  do  not  afford  a  basis  of  selection  for  maintaining 
the  jDroductiveness  of  a  seed  stock.  The  progeny  plantings  are  sub- 
ject to  the  usual  row  variations,  which  commonly  are  great  enough 
to  mask  any  differences  to  be  expected  between  progenies  of  the 
same  type.  With  selection  confined  to  a  single  locality  or  to  favor- 
able conditions  of  growth,  there  is  danger  that  characters  of  adapta- 
tion and  resistance  to  unfavorable  conditions  may  be  lost.  Dif- 
ference in  vigor  or  fertility  may  arise  like  changes  in  other  characters 
among  the  lines  of  descent,  even  in  a  carefully  guarded  seed  stock. 
In  order  to  be  assured  of  maintaining  the  productiveness  and  uni- 
formity of  superior  types  of  cotton,  it  is  necessary  that  selection, 
comparing  of  progenies,  and  testing  of  seed  stocks  be  done  in  different 
regions  covering  the  range  of  conditions  of  production.  Groups  of 
progenies,  instead  of  single  progenies,  are  maintained  as  the  basis 
of  seed  stocks,  which  are  continuously  reselected  from  productive 
individuals. 

Choice  of  conditions  for  selection  is  a  precaution  to  be  recognized 
in  practical  breeding  work  for  maintaining  good  seed  stocks  of 
superior  varieties.  Conditions  most  favorable  for  selection  are  those 
that  permit  the  plants  to  show  differences  in  reaction  to  adverse  con- 
ditions as  well  as  ability  to  produce  large  crops  under  favorable  con- 
ditions. Differences  in  stability  of  characters  are  to  be  recognized, 
as  well  as  differences  of  actual  expression  of  characters,  which  may 
vary  greatly  with  the  conditions.  The  effects  of  stress  conditions 
on  different  varieties  and  seed  stocks  need  to  be  determined  as  a  part 
of  the  breeding  operation. 
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Several  of  the  characters  of  Acahi  cotton  contribute  to  earliness 
(»f  the  crop,  one  of  the  most  important  being  the  ability  of  the  plants 
to  make  more  growth  in  cool  weather  and  to  open  bolls  normally  after 
other  varieties  have  become  dormant.  The  Acala  plants  flower 
abundantly,  so  that  large  numbers  of  young  bolls  may  be  set  in  a 
sliort  period.  Closer  spacing  of  plants  in  the  rows  is  a  means  of 
inducing  earlier  opening  of  the  bolls  by  restricting  the  size  of  the 
individual  plants. 

Study  of  several  factors  of  earliness  show  that  some  of  them  are 
less  important  than  breeders  have  supposed  and  need  to  be  avoided 
in  selection  instead  of  being  considered  desirable.  How  to  get  the 
largest  crop  matured  before  frost  is  the  practical  question  of  earliness, 
rather  than  obtaining  a  few  open  bolls  at  a  very  early  date,  or  even 
an  early  opening  of  all  of  the  bolls,  since  the  application  of  these 
standards  of  selection  may  render  a  variety  less  productive. 
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INTRODUCTION 

From  the  time  when  cattle  had  spread  well  over  the  Great  Plains, 
in  the  early  and  middle  seventies  of  the  last  century,  the  need  of  land 
legislation  adapted  to  that  great  region  was  felt  by  an  ever-increas- 
ing number  of  people.  By  1890,  the  range-grazing  lands  were  so 
thoroughly  occupied  that  organized  efforts  were  being  made  to  in- 
duce Congress  to  take  some  definite  action. 

At  the  annual  meeting  of  the  National  Livestock  Association  held 
in  1898  William  A.  Kichards,  of  Wyoming  (^^),-  delivered  a  paper 
on  the  need  for  Federal  legislation  designed  to  give  proper  control 
of  the  public  domain.^  Among  other  things  he  said :  "  During  the 
past  10  years  at  least  a  score  of  bills  providing  for  the  cession  of 
the  lands  to  the  States  have  been  introduced  in  Congress."  Although 
the  members  of  this  meeting  could  not  agree  as  to  the  method  of 
bringing  it  about,  they  were  all  in  favor  of  subdivision  and  indi- 
vidual control  of  the  public  grazing  lands. 

Year  after  year  the  American  National  Livestock  Association  has 
passed  resolutions  which  they  hoped  would  bring  about  such  a  result. 

1  The  author  wishes  to  express  his  gratitude  to  all  who  assisted  in  bringing  together  the 
information  in  this  bulletin.  The  studv  was  outlined  and  carried  on  under  the  direction 
of   L.   C.   Gray,    principal   agricultural   economist,   division   of   land   economics,    Bureau   of 
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State  livestock  associations  of  all  the  Western  States  and  other  local 
organizations  of  producers  of  cattle  and  sheep  on  range  lands  have 
repeatedly  passed  similar  resolutions  and  recommendations. 

Although  nian_y  different  arguments  have  been  advanced  as  rea- 
sons for  such  action,  the  principal  motive  among  these  stockmen  has 
been  the  producers'  wish  to  improve  their  business  and  to  increase 
output.  They  were  using  the  range  lands  more  or  less,  and  they 
recognized  that  better  management  of  the  grazing,  possible  only 
under  better  control,  would  produce  more  livestock. 

Technical  investigators,  members  of  the  faculties  of  the  univer- 
sities and  agricultural  colleges  of  the  western  "  public  land  "  States, 
have  analyzed  the  situation,  each  in  his  own  State,  and  have  pub- 
lished their  conclusions  as  to  conditions,  have  emphasized  the 
necessity  for  Federal  legislation,  and  mostly  have  recommended  a 
particular  type  of  action.* 

In  1904  a  Public  Lands  Commission,  authorized  by  Congress  and 
appointed  by  the  President,  made  a  study  of  existing  conditions, 
their  report  being  published  as  a  Senate  document  (23).  This  report 
treats  the  subject  exhaustively  from  many  angles  and  summarizes 
the  available  data.  A  particularly  illuminating  part  of  this  report 
is  a  large-scale  map  of  the  range  country  showing  the  manner  in 
which  both  public  and  private  lands  were  being  used  at  that  time. 
The  report  recommended  legislation  which  is  discussed  later.  At 
the  meeting  of  the  American  National  Livestock  Association  held 
in  Denver  in  January,  1919,  Clay  Tallman,  then  Commissioner  of 
the  General  Land  Office  of  the  United  States  Department  of  the  In- 
terior, recommended  a  certain  plan  of  legislation  to  Congress  {27). 
At  that  same  meeting,  David  Houston,  Secretary  of  Agriculture, 
reconnnended  practically  the  same  ])rocedui'e  {J'f).  In  the  summer 
of  1919,  at  the  call  of  the  Arizona  Livestock  Association,  representa- 
tives of  livestock  associations  from  all  the  western  range  States, 
assembled  at  Salt  Lake  City,  discussed  the  subject  at  length  and 
adopted   resolutions   recommending   practically   the   same   kind   of 

Afrricnltnrnl  Economics.  Director  Cocil  ("reel,  of  the  Nevada  A. i,'ri cultural  Extension  Seir- 
ice,  and  iJircctor  S.  B.  Doten  and  C.  E.  Fleming,  of  the  apricultural  experiment  station  at 
the  I'niversit.v  of  Nevada,  jiave  valuable  assistance  in  determining  various  details  of  the 
plan.  Two  district  agents  of  the  Nevada  Extension  Service.  C  R.  Townscnd,  of  Ely,  and 
.1.  W.  Wilson,  of  Elko,  made  it  possible  lo  ascertain,  in  the  limited  time  available,  the 
fonditions  existing  on  thousands  of  s()uare  miles  of  their  State.  The  officials  at  the  State 
ca)>il;il,  George  W.  Malonc.  State  enuMnoor,  and  fieorgc  Watt.  State  commissioner  of  lands, 
and  flicir  odicc  forces  fiirnisiicd  every  facility  for  an  uiiderstandiiiLr  of  the  water  and  lan<I 
laws,  the  anthoii/ed  procechire  under  tliem.  and  th(>  coiise(|Ui  lucs  of  their  application. 
\'ertion  MetcaU".  secretary  of  the  Nev:ida  Land  and  l^ivestock  .\ssociation.  ex|ilaiiied  the 
actions  and  wisln'S  of  tlie  members  of  that  organization  and  helped  to  clarify  many  uncer- 
tainties, .lolui  F.  Iteeds.  of  the  agricultural  division  of  tlie  (Jeolotrical  Survey,  I)epartment 
of  the  Interifir.  fiirnislied  access  to  office  records  and  maps  showing  distrilnition  of  forage 
plants  and  irrigated  land  in  Nevada.  'I"he  supervisors  of  the  national  forests  furnished 
mticb  information.  .Mexander  McQueen,  supei  visor  of  the  Humboldt  I'orest.  supplied 
recorded  data  and  guided  tlie  writei-  throiigh  tlie  three  divisions  df  th("  forest  under  his 
direction  and  discussed  ;md  demonstrated  conditions  and  practices.  H.  A.  Mc.Mlister. 
cormnissioner  of  the  land  department  of  the  Southern  Pacitic  Rjiilway  Co..  gave  access  to 
the  records  of  th(;  railroad  grant  lands  in  Nevad.i  and  explained  the  methods  of  the  com- 
pany In  liandjing  them.  Tlie  county  assessors  in  ea<h  county  and  tlieir  otfice  forces  bellied 
in  many  ways.  Much  information  was  drawn  from  their  records  and  from  their  knowledge 
of  condition's  in  their  respective  counties.  Otlier  county  officials  added  v.'iluable  local  d.ata. 
n.  O.  Weit/,  and  .\lfred  S.  fialton.  former  memliers  of  the  division  of  land  economics. 
aKslsled  in  c<dlecllng  and  assembling  the  <lata  and  in  working  out  tlie  le;,'al  status  of  land 
and  water  in  .Xev.'ida. 

=  Italic  nuniliers  in  parcnflieses  refer  to  Bibliography,  p.  50. 

•-('are    should    be    t.'iken    to    distinguish    between    the    expressions    "  luiblic    Lands  "    and 
'•  pnbllc   domain."      .Ml    l.inds   over    which    Conyress    has   jurisdiction    are    "public   lands 
except  as  ("ongress  may  have  made  other  disposal.      Only  those  lands  which  are  unallotted. 
nnresjTved.  and  nnnppropriated  constitute  the  "public  domain." 

'See  Bibliography  at   the  end  of  this  bulletin. 
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legislation  (30).  Hardly  a  Congress  for  the  last  30  years  has  been 
without  one  or  more  bills  proposing  legislation  for  the  disposal 
or  control  of  the  public  domain.  A  major  difficulty  has  been  the 
fact  that  conditions  of  land  utilization  in  various  parts  of  the  public 
domain  are  so  diverse  that  it  is  difficult  to  draft  legislation  equally 
suitable  to  all  parts  of  it. 

Believing  that  legislation  properly  applicable  to  conditions  ex- 
isting in  a  single  State  and  satisfactory  to  the  people  of  that  State 
would  readily  pass  Congress  without  opposition  from  representatives 
of  other  States,^  it  was  decided  to  make  a  detailed  study  of  all  the 
factors  affecting  the  present  and  potential  uses  of  the  land  in  some 
public-land  State  and  to  assemble  the  data  in  such  a  manner  as  to 
present  a  definite  picture  of  existing  conditions  in  that  State. 

Nevada  was  selected  as  representing  in  an  extreme  degree  several 
of  the  factors  of  major  importance  in  the  problem.  It  is  unique 
among  all  the  public-land  States  in  several  ways: 

There  is  a  greater  acreage  of  public  land  in  Nevada  than  in 
any  other  State. 

This  acreage  of  public  land  constitutes  a  much  greater  pro- 
portion of  the  whole  land  area  of  Nevada  than  may  be  found 
in  any  other  State. 

The  whole  agricultural  organization  of  Nevada  is  virtually 
determined  by  the  only  possible  use  that  may  be  made  of  this 
public  domain. 

Methods  of  establishing  partial  control  over  public  grazing 
lands,  by  controlling  the  stock  water,  that  are  in  use  elsewhere 
are  rendered  futile  in  most  of  Nevada  by  climatic  conditions. 

The  necessity  for  legislation  regulating  the  use  of  these  lands 
has  been  most  keenly  felt  in  Nevada,  and  there  have  been  many 
urgent  requests  for  relief. 
This  study   was  begun   in   1927,   and   the  data  presented   relate 
mostly  to  conditions  existing  in  1926.     Other  data  obtained  later 
apply  to  1929.     No  material  changes  have  occurred  in  the  major 
factors  discussed,  and  the  maps  and  tables  present  broad  generaliza- 
tions as  to  existing  relationships. 

THE  PHYSICAL  LIMITATIONS 
SIZE 

Nevada  is  a  very  large  State,  being  sixth  in  order  of  size.  Its 
surface  area  (70,285,440  acres  of  land  surface  and  556,166  acres  of 
water  surface)  is  about  equal  to  twice  the  area  of  the  New  England 
States  plus  that  of  Maryland.  Notwithstanding  its  huge  propor- 
tions, when  measured  by  agricultural  production  its  rank  is  near 
the  lowest,  and  it  is  lowest  in  population,  as  shown  by  figures  from 
the  1925  «  census.     (Table  1.) 

=  The  Kincaid  Act  (passed  in  1904),  which  was  practically  the  same  as  the  grazing 
homestead  act  (passed  December,  1916),  was  made  applicable  to  only  that  part  of  Ne- 
braska which  it  fitted. 

«  Figures  from  the  1925  census  (29)  are  used  as  being  the  most  nearly  comparable  to  the 
land-tenure  and  other  data  for  1926  that  have  been  assembled  and  mapped. 
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Table  1. — Comparative  agricultural  data  for  NevacUi.  and  for  two  States  liariuij 

comparable  areas  of  crop  land,  1925 


Item 


Land  area  of  State 

Farms,  1925 --- 

Land  in  farms 

Crop  land 

Crop  land  harvested 

Pasture  land  in  farms 

Value  of  all  farm  profMrty 

Value  of  all  crops --- 

Value  of  all  products  of  farms 

Value  of  land  and  buildings,  i^er  acre. 

Population,  1930 

Farm  population,  1925 


Unit 


Nevada 


Acre 

Number - 

Acre 

do._. 

do... 

do-.. 

Dollars. -. 

do._. 

do... 

do... 

Number. 
do... 


70,  285, 440 

■3,883 

1  4, 090,  586 

533,  614 

362,  552 

•  2. 973,  82i 

98, 056,  358 

8, 445, 833 

1  40,  500,  764 

ia62 

91, 058 

17,034 


Delaware 


1,  257,  600 

10,  257 

899, 641 

518, 859 

404,209 

101,  633 

72,  778, 416 

11,848,440 

25, 368,  656 

66.86 

238, 380 

44,662 


New  Hamp- 
shire 


5,  779, 840 

21,065 

2, 262, 064 

542, 846 

533, 386 

1.087,385 

107, 097,  243 

10.  19.5,895 

36, 040.  638 

38.30 

46,5, 293 

77, 4.^0 


•  Includes  all  farms  and  stock  ranches  in  Nevada. 

SURFACE  RELIEF 

The  State  consists  of  a  series  of  loiif:;,  narrow  basins  (bolsons) 
locally  called  valleys,  separated  by  many  narrow  ranges  of  parallel 
and  apparently  naked  mountains  that  run  in  a  nearly  north  and  soutli 
direction,  with  occasional  low  cross  divides  between  the  basins.  All 
surface  drainage  in  each  valley  runs  toward  the  bottom  of  the  basin, 
where  there  usually  may  be  found  a  playa — the  flat  bottom  of  an 
ancient  lake  that  has  dried  up. 

These  valleys  are  u.sually  several  times  longer  than  they  are  wide 
and  occasionally  they  have  been  connected  by  drainage  channels  cut 
through  the  Ioav  divides.  The  bottoms  of  these  valleys  are  mostly  at 
rather  high  elevations  above  sea  level — 2,000  feet  or  more — and  the 
mountains  rise  from  3.000  to  5,000  feet  above  them.  The  high  plains 
in  the  northeastern  part  of  the  State,  which  divide  the  glacial  Lake 
Bonneville  drainage  area  in  Utah  from  that  of  Lake  Lahontan  in 
Nevada,  are  over  6,000  feet  above  sea  level. 

The  mountain  ranges  rise  to  levels  of  8,000  to  10,000  feet  or  more, 
and  the  higher  peaks  within  the  State  exceed  12,000  feet.  A  good 
idea  of  the  general  relief  features  and  their  distribution  may  be 
obtained  from  the  relief  map.     (Fig.  1.) 

CLIMATE 

These  relief  features  and  the  geographic  position  of  the  State  in 
the  continent  determine  the  amount  and  character  of  the  average 
annual  precipitation  and  its  dis(ribiition  in  t'ww  and  place,  as  well  as 
(lie  temperature  variations  to  which  the  State  is  subjected.  All  parts 
of  llie  State  are  dry  when  compared  with  common  standards,  and 
some  parts  are  very  dry. 

Tlie  iivoraRe  niinuiil  iirecipitation  ["^  (l'<^  Stntol  is  nhont  0.G2  inclios,  of  which 
iiioio  than  iialf  lulls  in  the  lour  mouths  from  December  to  March,  and  over 
three-foiirlhs  in  the  .seven  months  from  November  to  May.     The  winter  preeijn- 


tation 


occurs    mostly    in    the    form    of    snow. 


Tlie    month 


of  h>iist  preciiiitation  is  .Inly,  ami  tlie  f^reatest  monthly  amounts  nsually  fall  in 
January  (2,  p.  2). 

A  iliagi  annual  ic  ina|)  shows  the  ai'cas  having  tlic  same  average 
aiiiiiiai  jjiccipitation.      (Fig.  2.) 

lOxtreme  range  chai-ac(eii/^es  the  temperatures  of  nearly  all  ])arts 
<»f  the  State.     Summei-  temperatures  are  relatively  high  and  winter 


THE    PUBLIC   DOMAIN    OP    NEVADA 


temperatures  low  for  the  latitudes,  except  in  tiie  southernmost  part 
of  the  State,  where  winter  temperatures  are  rather  hi<^h.     Daily  vari- 
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Figure  1. — This  map  was  prepared  several  years  ago,  from  the  avaihible  (lata,  by 
William  Simpkins.  The  original,  a  cast  about  5  by  7  feet,  is  displayed  at  the 
State  Capitol  of  Nevada 

at  ions  of  temperature  are  large,  as  is  common  in  most  dry  regions  of 
moderate-to-high  elevatitms.  Strong  light  and  many  bright  sun- 
shiny days  are  characteristic  of  the  region. 
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EROSION 

Under  natural  conditions  erosion  occurs  on  all  land  surfaces  where 
deposition  is  not  taking  place.     Within  certain  limits  erosion  can 


I'ii;i  KB  2.  'I'lic  iivcriiKi'  fUimiMl  i)rr<iiiiijitinii  ;it  a  Kiv<"n  slatinii  is  tlio  iivcvaK*'  of 
total  icfoidcd  n'adiiijcH  tor  a  period  of  10  years  or  more.  A  shoiler  ixTiod  is  not 
used  liecaiise  it  does  not  uive  reliable  avernKes  for  the  station.  (After  a  map 
published  by  Aldous  and   I)e(<ds,   as  revised   by   the  V.   S.   Weather   Hiirean) 

he  retarded  or  inininiized  by  human  activities,  but  frequently  such 
activities,  iil(li«)ii<rli  pliysieaily  possible,  are  not  econoiuically  war- 
riiiMcd.  t'spccially  from  the  st;iiid]K)int  of  private  tMilcrpi'ises.  In 
N('\nda  there  is  and  always  will  he  some  erosion.     There  is  perhaps 
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less  of  it  in  that  State  than  in  any  State  havin<j^  similar  surface 
gradients,  loose  sandy  soils,  scanty  plant  cover,  and  an  equivalent 
total  precipitation;  for  in  Nevada  most  of  the  precipitation  occurs 
as  snow,  and  the  superficial  run-off  is  comparatively  small.  It  is 
doubtful  if  any  important  unprotected  area  exists  in  Nevada,  for 
virtually  all  areas  significant  for  watershed  control  have  already  been 
included  in  the  national  forests.  If  other  such  areas  do  exist  they 
should  be  withdrawn  before  any  steps  are  taken  toward  allocating 
range  claims  on  the  public  domain. 

PLANT   COVER 

These  climatic  conditions  and  the  relief  features  determine  the 
types  of  plant  cover  that  naturally  occupy  the  land  surface  of  the 
State.  They  also  determine  the  place  and  the  amount  of  crop  farm- 
ing that  may  be  carried  on  and  the  kinds  of  crops  that  can  be 
grown. 

A  scanty  supply  of  moisture,  coming  mostly  as  snow  in  the  winter 
with  almost  none  falling  during  the  growing  season,  has  resulted  in 
a  natural  plant  cover  consisting  of  low  to  medium-sized,  long-lived, 
drought-resistant  shrubs  on  the  floors  and  gently-sloping  sides  of 
the  vallej^s.  Scattered  among  these  shrubs  certain  long-lived, 
drought-resistant  bunch  grasses  grew  in  some  profusion  before  the 
coming  of  the  white  man's  cattle  and  sheep. 

Limited  rainfall  and  the  basin  structure  have  resulted  in  the 
accumulation  of  alkaline  salts  in  the  soils  of  the  valley  floors,  par- 
ticularly along  the  drainage  channels  and  around  the  playas.  The 
plants  that  grow  on  these  alkaline  areas  must  be  able  to  endure 
alkaline  soil  conditions,  as  well  as  the  temperature  and  moisture 
limits  of  the  region. 

On  the  mountain  ranges,  growing  conditions  for  plants  are  not 
quite  so  trying.  Soil  conditions  are  better,  moisture  is  somewhat 
more  abundant,  and  although  winter  temperatures  are  low,  summer 
temperatures  are  more  favorable.  With  such  an  environment,  the 
plant  cover  is  more  abundant  and  varied.  At  no  place  in  the  State 
are  large  areas  of  heavy  forest  to  be  found.  Formerly  there  was 
a  limited  growth  of  yellow  pine  {Pimts  ponderosa  Dougl.)  on  spurs 
of  the  Sierras  that  project  into  Nevada  on  the  western  side  near 
Reno,  but  these  trees  have-  mostly  been  cut.  Small  forested  areas 
are  found  in  most  of  the  national  forests  at  high  levels  on  the  cooler 
slopes  of  the  mountains. 

Woodland  areas  covered  with  junipers  {Juniperus  spp.)  and 
pifions  {Pinus  monophyUa  Torr.  &  Frem.)  occupy  large  areas  of 
mountain  slopes.  Much  of  the  mountain  land  is  covered  with  bushes 
of  several  kinds,  and  aspens  are  common  on  the  cooler  and  better 
watered  slopes  and  along  the  watercourses  in  the  mountains.  In 
proportion  as  the  soil-moisture  conditions  improve,  the  numbers  of 
species  and  abundance  of  individuals  of  grasses  and  herbaceous 
flowering  plants  increase.  The  water  resources  are  discussed  later. 
A  careful  and  exhaustive  general  treatment  of  these  physical  char- 
acteristics may  be  found  in  Aldous  and  Deeds'  report  ^  and  need  not 

"^  United  States  .Departmext  of  the  Interiok.  agricultttrai,  utility  op  unreser^Tiid 
PiBLic  DOMAIN  IN  NEVADA.  [  U.  S.  GpoI.  Survpy,  Agr.  Di\'.]  Memorandum  for  the  Press. 
26  p.,  iUus.      1926.      [Mimeographed.] 
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be  repeated  here.     P".n()ii<rli  lias  been  said,  with  the  help  of  the  maps, 
to  set  forth  tiie  general  physical  background  of  the  problem. 

It  shoukl  be  kept  clearly  in  mind  that  the  physical  conditions  set 
limits  that  are  practically  impassable  upon  the  possible  uses  which 
may  be  made  of  the  land.  The  very  small  production  of  any  usable 
"  crop  "  of  which  the  land  is  capable  not  only  sets  a  low  limit  on  its 
sale  and  rental  value,  but  a  still  lower  limit  on  the  amount  of  expend- 
iture the  user  is  warranted  in  making  to  improve  its  productivity. 
One  can  not  spend  much  money  to  improve  land  that  rents  for  a 
few  cents  per  acre  per  year  unless  by  so  doing  he  increases  the  total 
output  of  the  improved  area  enormously. 

THE  FORAGE  RESOURCES 

Data  sufficient  for  the  accurate  and  complete  presentation  of  the 
forage  resources  of  Nevada  have  never  been  obtained.  If  an  at- 
tempt be  made  to  assemble  the  available  information,  the  data  that 
must  be  used  are  found  in  several  sorts  of  publications  and  reports. 
Botanists  (9,  11,  12,  28),  zoologists,^  and  ecologists  (i24,  25,  26,  3o) 
have  published  maps  which  show  plant  and  animal  distribution,  life 
zones,  or  ecological  subdivisions.  Altitude,  precipitation,  and  tem- 
perature maps  help  in  determining  boundaries,  since  all  of  these 
factors  are  closely  interrelated. 

Geological  papers  frequently  tell  something  about  the  more  con- 
spicuous or  characteristic  plants  of  the  regions  geologically  de- 
scribed, and  recent  topographic  maps  issued  by  the  United  States 
Geological  Survey  show  certain  types  of  plant  cover  (4).  Water- 
su])ply  papers  use  certain  plants  as  indicators  of  the  depth  of  under- 
ground water,  and  they  map  the  distribution  of  these  indicators  in 
considerable  detail  {6,  8, 13,  19,  20,31,  32). 

Certain  range  forage-plant  studies  have  been  carried  out  by  ex- 
pei'iment  station  workers  and  published  in  bulletins  (7-7,  1())  or  in 
technical  magazines.  Such  studies  usually  consider  nothing  but  the 
I'elative  importance  of  certain  named  species  adapted  to  particular 
uses.  They  occasionally  name  associated  plants  but  tell  com])ara- 
tively  little  about  their  distribution  and  density. 

Careful  surveys  of  the  forage  resources  have  been  made  in  most 
of  the  national  forests,  and  the  maps  and  reports,  though  not  jnib- 
lished,  may  be  consulted."  Much  valuable  information  as  to  plant 
cover  in  Nevada  has  been  collected  by  the  conservation  branch,  agri- 
cultural division,  of  the  United  States  Geological  Survey,  which  lias 
been  published  in  a  preliminary  report.^"  All  such  information  is 
reliable  and  important,  but  none  of  the  areas  so  treated  has  been 
selected  with  the  idea  of  its  being  a  I'epT-esentative  samjole.  Results 
of  the  study  of  such  detailed  areas  may  be  used  as  guides  for  the 
interpretation  of  less  accurate  and  more  generalized  data. 

Particular  attention  is  called  to  the  maps  contained  in  the  report 
of  the  Public  Lnnd  Commission  {23)  and  in  tlie  report  made  by 
Aldous  and  Deeds.'"  They  show  certain  siinilaiities  and  tliUVrences 
to  each  other  and  to  the  map  that  follows.     (Fig.  3.)     Neither  of 

"  riArr.RY,  V.     T,rFE  zond  map  or  nkvapa.      fT^npiihlisliPfl  offlro  copy.] 

"  I'.MTKK     StATKS      I)KrAIITMI''Nr     f)!''     A(i  UK  T  f,Tr  KM,     FoIiKSP      SKItVHK.        KANCl';     <M/ASS1  Kit"  A- 
TUl.N     KKINllCrs    OF     TlIK    .NATKlNAI,    FUltKSTS    OF     NKV'AHA.         |  I '  Iipilllli  slu'd    offlfc     reports    Oil     file 

in    KoH'st    Srrvlcc,  |       ^'.V>•1. 
'"  S«'.'  fooliioti-  7.  p.  7. 
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the  earlier  maps  attempts  to  show  anything  but  the  way  the  range 
lands  were  being  used  at  the  time  the  data  were  collected.  They 
have  the  effect  of  unintentionally  implying  that  the  use  depicted  is 
the  only  possible  use,  or  the  best  use.  The  fact  that  they  disagree 
noticeably  shows  that  such  an  interpretation  was  not  intended  and 
is  unwarranted,  since  the  use  has  changed  considerably  in  the  twen- 
ty-odd years  between  the  two  reports. 

FORAGE-PLANT  ASSOCIATIONS   AND   THEIR  DISTRIBUTION 

Forage-plant  associations  nuist  be  based  upon  their  forage-plant 
content.  Such  an  association  is,  of  necessity,  an  assemblage  of  a 
limited  number  of  species  of  plants  having  a  fairly  well-defined 
common  distribution  area,  similar  possible  uses,  and  nearly  uniform- 
grazing  capacity.  It  must  be  easily  distinguishable  by  some  well- 
known  species  or  set  of  species  after  which  it  is  usually  named.  The 
area  covered  by  such  an  association  can  be  mapped  and  generaliza- 
tions can  be  drawn  from  the  map. 

Notwithstanding  the  importance  of  such  data  in  a  study  of  this 
kind,  no  attempt  will  be  made  here  to  present  anything  but  a 
generalization,  some  approximate  measurements,  and  a  map  of  the 
distribution  of  the  principal  forage-plant  associations.  (Fig.  3.) 
This  map  is  on  a  small  scale,  much  generalized,  and  diagrammatic, 
showing  merely  the  nuijor  forage-plant  associations  found  in  the 
State.  It  is  a  summary  of  the  available  data.  Some  of  the  informa- 
tion was  on  a  large  scale  and  gave  details  that  are  not  necessary  here 
and  that  could  not  be  shown  on  a  map  of  this  scale.  For  other 
parts  of  the  map  the  available  data  were  much  less  adequate.  For 
this  reason,  important  special  areas  are  not  shown  on  the  map  but 
are  reported  in  Table  2  under  some  group  of  which  they  are  assumed 
to  be  a  part. 

The  principal  kinds  of  forage  plants  found  in  these  plant  asso- 
ciations have  been  discussed  in  detail  in  the  publications  listed  and 
will  not  be  repeated  here.  Some  generalizations  concerning  the 
associations  are  given  here,  and  details  are  given  in  Table  2. 

Five  major  range  plant  associations  are  listed  in  Table  2  with  the 
principal  important  facts  related  to  them.  Two  of  these,  the  forest 
association  and  the  creosote  bush  association,  are  of  comparatively 
little  importance,  from  a  grazing  standpoint,  notwithstanding  the 
large  area  covered  by  the  latter. 

The  forest  association  is  productive,  has  a  large  variety  of  valuable 
feed,  is  well  watered,  and  has  a  high  grazing  capacity  for  the  short 
period  in  which  it  may  be  grazed,  but  on  account  of  its  very  limited 
area  (a  little  over  500,000  acres)  its  relative  importance  for  grazing 
is  small. 

The  creosote  bush  area,^-  though  containing  over  4,000,000  acres, 
is  relatively  unimportant  from  the  standpoint  of  production.  Prac- 
tically no  sheep  and  probably  less  than  5,000  head  of  cattle  are  run 
on  the  area.  The  principal  drawback  is  the  lack  of  permanent  stock 
water,  though  the  feed  is  scanty  and  mostly  poor.  Both  of  these 
conditions  arise  from  the  very  small  amount  of  precipitation,  which 

^  The   exact   equivalent   of   the    "Southern   desert   scrub"    of   Shantz   and    the   "Lower 
Sonoran  Zone"  of  the  U.  S.  Biological  Survey  writers  as  applied  to  Nevada   (25).i2 
13  Bailey,  V.     Op.  cit.     See  footnote  8. 
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averages  less  than  5  inches  per  year.  The  soils  of  the  level  basin 
floors  within  this  area,  where  not  too  alkaline,  are  very  fertile,  and 
temperature  conditions  are  extra  favorable  for  crops.    Hence,  where 


J'i<;i  liK  :;. — This  din  gram  is  (lcsi;;tn'(l  to  sliow  tlio  jipprdxininto  extont  and  .i:ooKi';>plii<' 
(list  rilmt  ion  of  (hi-  areas  covered  by  the  major  aHsocialions  of  forage  phmts  upon 
M'hieh  range  livestoek  graze  in  Nevada.  The  playas  liave  no  plant  cover  of  any 
kind,  and  Hie  irrigated  land  is  in  eroi)H.  In  estimating  tlip  area  of  eaeh  tyjii'  the 
greasewood  area  was  jidded  to  the  shadscalo  and  tlie  lirowsc  to  the  woodland  area, 
(IH  explained   in   tlie   lixt 

.siifiicicnl  ii  li^^iition  water  is  available,  conditions  for  crop  faniiin<x 
are  very  ^ood.  A  few  sni:dl  jircas  liiivin<r  a  limited  sni)|ily  of  artesian 
water  arc  Iviiown  wilhin  (he  area  covered  by  this  association.     The 
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rough  niountaiii  litlges  scattered  through  the  area  usually  have 
better  feed  of  the  higlier  (iu  vei-tical  distribution)  associations,  but 
on  account  of  lack  of  stock  water  these  areas  are  rarely  grazed. 

In  the  Atlas  of  American  Agriculture,  Raphael  Zon   {35,  p.  8) 
says: 

Over  thousands  of  square  iiiilcs  piiion-juniiwr  and  sagebrush  alternate,  the 
former  occupying  the  rough,  broken  country  and  the  shallow  stony  soil,  while 
sagebrush  occurs  on  the  more  level  ground,  which  has  a  deep,  uniform  soil. 
The  area  of  land  occupied  l»y  pihon-juniper,  especially  in  the  Great  Basin,  is 
very  great.  *  *  *  The  pinon-juniper  l)elt  is  characterized  by  hot  dry  sum- 
mers, the  annual  rainfall  being  less  than  20  inches. 

The  pifion- juniper  area  that  Zon  mentions  exactly  corresponds 
with  the  w^oodland  association  named  here.^*  It  covers  about 
8,500,000  acres  in  Nevada  (12  per  cent  of  the  land  area),  but  its 
carrying  capacity,  is  hardly  as  great  as  might  be  expected  from  an 
area  receiving  as  much  precipitation  as  it  does.  The  shallow  soils 
and  the  open  porous  nature  of  the  underlying  rock  are  probably 
responsible  for  this  condition.  Though  most  of  this  association 
is  on  the  mountain  slopes  and  often  covers  the  tops  of  the  lower 
ridges,  the  feed  is  scattered  and  never  very  heavy,  and  the  area  is 
l)oorly  watered.  Even  within  the  Toiyabe  National  Forest,  the 
supervisor  reports  considerable  tracts  of  woodland  as  practically 
useless  because  of  insufficient  stock  water,  and  this  condition  exists 
in  other  mountain  ranges  in  the  same  region.  Farther  north  in  the 
State  the  conditions  in  the  woodland  association  are  not  so  trying, 
and  it  furnishes  its  quota  of  the  summer  feed. 

Two  other  forage  classes  used  by  the  forest  officials  ^^  are  "  aspen  " 
and  "  browse."  Aspen-covered  areas  range  all  the  way  from  the 
cooler  and  higher  parts  of  the  sagebrush  belt  to  the  upper  timber- 
covered  slopes  of  the  higher  mountains.  "  Browse  "  is  a  convenient 
term  for  bush-covered  ranges.  It  may  occur  anywhere  above  the 
sagebrush  belt  in  the  mountains.  Over  many  of  the  mountain  ranges 
in  the  State  not  in  national  forests  these  two  t3q:>es  undoubtedly 
occur,  but  the  details  of  their  distribution  are  not  known.  Such 
areas  have  been  classified  on  the  maps  as  "  woodland  " ;  hence  these 
two  classes  have  been  added  to  the  woodland  association.  Together 
these  two  types,  here  treated  as  subtypes,  cover  a  little  over  1  per 
cent  of  the  total  land  area. 

The  remaining  two  associations  taken  together  constitute  what 
Shantz  calls  the  "  northern  desert  scrub  "  {2S).  Thirty-tw^o  and  one- 
half  million  acres,  or  nearly  half  the  land  area  of  the  State  (46.3 
per  cent),  is  in  the  sagebrush  association.  The  area  is  characterized 
by  level  to  gently  rolling  surface  wdth  deep  fertile  soil.  Generally 
speaking,  it  is  poorly  watered  for  range  use.  This  area  furnishes 
most  of  the  spring  and  fall  grazing  for  both  sheep  and  cattle,  con- 
siderable of  the  winter  grazing  for  sheep,  and  nearly  all  of  the 
yearlong  grazing  for  cattle  in  the  south-central  part  of  the  State, 
where  yearlong  grazing  of  cattle  is  possible.  Such  cattle  usually 
get  considerable  protection  and  some  grazing  in  the  lower  edges  of 
the  woodland  belt  during  the  winter.    The  association  formerly  had 

"It  is  called  the  "  pinyoii  belt"  by  Tidcstrom   (28),  the  "  pinyon  juniper  woodland"  by 
Shantz  (26),  and  the  "  pinyon-juniper  belt"  by  Sampson,  (2.'i). 
1^  See  footnote  9,  p.  8. 
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51  rather  high  carrying  capacity  for  this  general  region,  before  it 
had  been  overstocked  for  years  and  badly  eaten  out.  Many  of  its 
shriilxs  furnish  good  feed,  and  it  had  a  rather  thick  cover  of  several 
long-lived,  perennial  bunch  grasses  that  were  excellent  feed  and  well 
adjusted  to  the  environment.  They  were  the  best  forage  plants  of 
the  region.  Much  damage  has  been  done  to  all  these  best  forage 
plants  by  long-continued  overgrazing.  Persistent,  long-continued 
care  and  considerable  expense  will  be  required  to  bring  this  associa- 
tion back  to  its  former  productivity,  but  such  a  result  is  possible 
and  may  ultimately  be  obtained. 

Scattered  over  the  sagebrush  area,  especially  in  the  northern 
part  of  the  State  and  near  the  upper  edge  of  that  belt,  compara- 
tively large  patches  of  wild  rj'^e  occur.  Formerly  these  were  much 
more  extensive.  Many  of  them  are  used  as  hay  meadows  now,  most 
of  which  are  irrigated  or  subirrigated.  Considerable  areas  within 
the  Humboldt  National  Forest  partly  of  this  character  and  partly 
with  a  cover  composed  of  other  grasses  are  classed  as  "  grasslands." 
The  same  name  was  used  for  the  grasslands  outside  the  forests. 
These  areas  are  very  important  on  account  of  the  feed  they  produce, 
but  the  patches  are  too  small  to  show  on  the  map.  The  areas  inside 
the  forests  classed  as  "  meadows "  and  "  open  weed  range "  are 
even  smaller.  Thev  have  all  been  included  in  the  sagebrush  asso- 
ciatioii  on  the  map  and  in  the  summary  table.  This  arrangement 
is  not  entirely  satisfactory,  but  it  seemed  necessary.  Taken  all 
together,  these  grasslands  cover  a  little  over  1  per  cent  of  the  total 
area  of  the  State. 

Lying  at  levels  just  below  the  sagebrush  and  occupying  the  floors 
and  lower  slopes  of  all  the  basins,  on  soils  that  are  usually  heavier, 
drier,  and  more  alkaline  than  those  of  the  sagebrush  area,  is  the 
shadscale  association.  The  total  area  covered  is  about  20,800.000 
acres,  which  is  29.G  per  cent  of  the  land  area  of  the  State.  This 
assocation  furnishes  a  small  quantity  of  the  spring  and  fall  feed 
for  livestock,  usually  taken  as  they  travel  over  it,  and  much  of  the 
winter  feed  for  sheep.  For  the  most  part  the  feed  is  not  particularly 
good,  except  on  the  areas  covered  by  winter  fat  and  little  sage,  wliicli 
overlap  the  upper  part  of  this  association  and  the  lower  part  of 
the  sagebrush  association.  Areas  covered  by  Coleogyne,  which  over- 
lap the  lower  edge  of  this  association  and  extend  into  the  creosote- 
busli  area,  also  furnish  moderately  good  feed.  The  shadscale  ^^ 
itself  furnishes  much  of  the  feed. 

The  grease  wood  area  shown  on  the  map  is  included  in  the  table 
with  tlie  shadscale  association,  wliich  is  merely  a  way  of  clioosing  tlie 
lesser  of  two  evils.  This  greasewood  ai'ea  is  covered  by  a  composite 
group  of  scattered  alkali-enduring,  water-requiring  shrubs  and  cer- 
tain gi'asses  that  have  about  tlie  same  requirements,  like  saltgrass, 
alkali-sacaton,  reed  grass,  etc.  Tn  veiy  wet  places  tules  and  rushes 
come  in,  and  in  others,  where  the  alkali  is  not  so  sti'ong.  bundles  of 
wild    i-ye   may  occur.     The  shrubs  aic   not    very   important   sources 

1  to  some  extent,  but  the  grasses  fui'uish 


wild    ive   may  occur,      i  ne  ! 
of  fee(l,  though  they  aic  use( 


'"OrlflliliH  (//)  cnlla  this  piniil  Rplny  snllbush  :  It  is  one  of  the  siiUbushoa — Atriplejr 
conftrtifoliii.  Till'  name  sluulscale  prohiibly  (iri!.'ln!ito(l  in  I'fali,  llioiigli  in  sonio  of  tln' 
iildrr  liiillt'tiiis  it  \v:is  ;i|i|il|i'(|  in  ,1.  rancsii  lis.  m  iiiistaki'  tl.c  jiri'siiil  willor  once  followed. 
1'hiit   iiliiiit   i<  now  UHUuily  fiilli'd  liv  tlio  Spanisli  iiaini',  iliunii/.a. 
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considerable  feed.  These  greasewood  areas  are  mostly  associated 
with  shadscale,  but  they  may  be  found  below  it  in  the  creosote-bush 
association  or  above  it  in  the  sagebrush  area.  The  group  is  relatively 
too  unimportant  to  be  ranked  with  other  major  associations,  and 
since  it  is  mostly  used  with  the  shadscale  association  it  is  here  com- 
bined with  that  area. 

Besides  the  range  areas  just  discussed,  three  other  major  land 
classes  are  shown  on  the  ma])  and  in  the  tables,  which  must  be  treated 
briefly  for  completeness.  These  are  the  irrigable  lands,  the  playas, 
and  the  barren  or  waste  lands  of  the  high  mountain  peaks  and  clitfs. 
Little  or  none  of  the  land  can  be  successfully  dry  farmed. 

It  has  been  tried  in  nearly  all  parts  of  the  State,  but  usually  by  settlers  with 
little  knowledge  of  the  proper  cultural  methods,  whose  etl\)rts  were  doomed 
to  failure  from  the  outset.  Even  with  proper  cultural  methods  there  are  rela- 
tively few  areas  in  which  the  quantity  of  precipitation,  the  length  of  the 
growing  season,  and  the  soil  conditions  are  so  combined  as  to  permit  the  practice 
of  dry  farming  with  reasonable  success." 

All  the  lands  reported  as  irrigated  or  irrigable  were  included  in 
this  class.  The  resulting  area  is  about  1,600,000  acres,  or  approxi- 
mately 2.3  per  cent  of  the  land  area  of  the  State.  This  figure  is 
almost  three  times  the  area  assessed  as  irrigated  or  subirrigated  by 
State  and  county  officials  (592,371  acres).  The  crop-land  area  re- 
ported in  the  1925  census  is  about  the  same  (533,614  acres)  as  the 
assessed  irrigated  area,  which  is  a  fairly  good  check  on  the  accu- 
racy of  the  assessors'  figures,  since  all  the  crops  grown  in  the  State 
are  produced  on  irrigated  or  subirrigated  land.  It  is  therefore  safe 
to  say  that  the  irrigated  area  shown  on  the  map  (fig.  4)  is  consider- 
ably exaggerated,  though  some  such  treatment  is  necessary  to  make 
its  presence  apparent  in  the  large  areas  of  grazing  land  that  domi- 
nate the  picture. 

The  irrigated  lands  are  nearly  all  used  in  direct  connection  with 
the  range-livestock  industry.  Of  the  362,552  acres  of  harvested 
crops  reported  in  the  1925  census,  332,682  acres  (nearly  92  per  cent) 
produced  some  sort  of  hay  and  9,174  acres  produced  other  forage, 
most  of  which  was  used  as  winter  feed  for  range  livestock  that  must 
be  fed  for  a  short  time  when  range  feed  is  not  available.  Although 
some  of  the  forage  produced  may  have  been  sold  or  used  for  farm 
stock,  it  is  safe  to  say  that  enough  of  the  crops  other  than  forage, 
grown  on  the  irrigated  lands  of  stock  ranches,  were  used  by  the 
families  and  farm  stock  on  such  ranches  to  more  than  balance  all 
the  hay  sold  and  that  used  by  farmers  without  range-stock  interests. 
So  at  least  85  per  cent  of  the  crops  produced  in  the  State  were  used 
in  the  range-livestock  industr3\  Two-thirds  of  the  area  classed  as 
irrigable  was  not  irrigated,  but  was  used  as  additional  pasture  lands, 
sometimes  of  high-carrying  capacity,  along  with  the  range  lands. 

Scattered  over  the  State,  in  the  bottoms  of  the  bolsons,  or  valleys 
without  exterior  drainage,  are  many  absolutely  bare  areas  of  varying 
size,  the  bottoms  of  old  lakes  that  have  dried  up,  called  playas. 
These  playas  are  common  in  all  regions  of  inclosed  drainage  such  as 
the  Great  Basin,  and  the  area  of  such  land  is  relatively  large  in 
Nevada  (1,400,000  acres,  or  2  per  cent  of  the  land  area),  where  they 
are  sometimes  referred  to  as  ""  slick  deserts."" 

"  See  footnote  7,  p.  7. 
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These  areas  produce  no  feed.  Studies  made  by  the  United  States 
Geological  Survey  indicate  that  they  are  areas  from  which  under- 
ground water  that  rises  to  the  surface  is  continually  evaporating. 
This  process  has  resulted  in  such  large  accumulations  of  alkali  in 
the  soils  that  no  known  plant  w'ill  live  on  them. 

These  })layas  are  level  for  long  distances.  On  some  the  surface 
when  dry  is  hard  and  full  of  cracks;  on  others  the  drj^  surface  is 
finely  powdered  and  not  so  hard.  When  wet  they  are  impassable  to 
vehicles  of  any  kind  and  deserve  their  local  name.  Except  for  very 
limited  deposits  of  certain  minerals,  they  have  no  use  and  are  often 
much  in  the  way,  since  one  must  go  across  or  often  around  them  at 
great  expense  of  time  and  effort.  Digging  near  the  margins  has 
demonstrated  that  water  is  to  be  had  near  the  surface,  but  it  is  usually 
very  alkaline. 

On  the  tops  of  most  of  the  mountains  and  often  along  the  sides 
of  canyons  are  rocky  cliffs  and  peaks  that  produce  little  or  no  forage, 
and  what  little  they  do  produce  is  inaccessible.  In  the  Sierras  there 
is  a  small  area  in  Nevada  covered  so  densely  with  certain  coniferous 
trees  that  no  forage  plants  are  produced.  The  total  area  of  such 
barren  land  is  a  little  over  750,000  acres,  or  1.1  per  cent  of  the  total 
land  area  of  the  State. 

GRAZING  CAPACITY 

The  numbers  and  kinds  of  stock  grazed  and  the  length  of  the 
grazing  season  are  accurately  known  for  each  administrative  sub- 
division of  each  of  the  national  forests.  These  data  are  on  record 
for  a  long  series  of  years,  so  that  a  long-time  average  of  the  number 
of  days  feed  per  animal  unit  produced  on  known  acreages  of  stand- 
ardized tj^pes  of  forage  may  be  calculated  for  each  of  the  forests 
in  which  the  forage  types  have  been  mapped  and  measured.  In 
the  few  forests  in  which  this  mapping  has  not  yet  been  completed, 
somewhat  less  exact  but  reasonably  accurate  estimates  could  be 
made. 

The  area  of  land  in  harvested  crops  in  1924  and  the  kinds  and 
yields  of  these  crops  are  reported  for  each  county  of  the  State  in  the 
agricultural  census.  From  the  total  crop  yields  of  forage  plants 
the  number  of  days  of  feed  per  animal  unit  produced  by  the  irri- 
gated lands  can  be  calculated. 

Mountain  hinds,  pi-esumably  having  forage  similar  to  that  in 
(•orres})on(ling  localities  in  the  national  forests,  have  not  had  their 
forage  types  mapped  and  measured.  Consequently  averages  ob- 
tained from  the  forests  can  not  be  applied  to  these  areas.  Nor  are 
the  numbers  and  kinds  of  animals  grazed  on  these  lands  definitely 
kncnvn. 

The  forage  types  covering  by  far  the  largest  part  of  the  land  area 
of  Nevada — that  outside  the  forests — are  not  found  inside  the  forests, 
.'ind  the  giMziug  cajiacity  of  each  has  nevei"  been  lueasui'ed. 

It  is,  therefore,  «'videiit  that  any  attenijit  to  estimate  grazing  ca- 
pacity for  each  forage-phint  association  can  not  now  be  successful, 
and  tliat  the  total  grazing  capacity  of  the  State  can  not  be  obtained 
in  this  way. 


s 


THE    PUBLIC    DOMAIN    OF    NEVADA  17 

A  circular  of  the  United  States  Extension  Service  entitled  '"An 
Estimate  of  the  Forage  Produced  in  the  Eleven  Western  States  "  ^^ 
contains  amono;  others  an  estimate  for  Nevada  as  a  whole.  It  offers 
a  method  for  ''  evaluating;  the  feed  resources  of  the  various  agricul- 
tural areas  within  the  States  "  that  can  be  used  by  county  agri- 
cultural agents  and  others  interested.  This  method  can  be  applied  to 
small  as  well  as  large  areas  and  may  be  described  as  follows:  The 
total  quantity  of  feed  used  in  an  area  is  derived  from  five  sources — 
harvested  crops,  plowable  pasture,  controlled  range,  national  forests, 
and  uncontrolled  range.  The  quantity  of  feeds  derived  from  each  of 
these  sources  except  the  uncontrolled  range  is  either  accurately  known 
or  can  be  closel}^  estimated  from  available  records.  If  the  lunnbers 
and  kinds  of  animals  produced  in  the  area  are  known,  the  number  of 
days'  feed  required  to  sustain  them  for  a  year  may  be  calculated  and 
allocated  to  the  five  different  producing  areas,  if  the  acreage  of  each 
area  is  known.  As  has  been  stated,  all  the  details  are  knoAvn  for  the 
irrigated  crop  land  and  for  the  national  forests.  The  areas  of  the 
controlled  pasture  and  range  may  be  ascertained  from  the  census,  and 
the  uncontrolled  range  is  the  remainder.  The  feed  produced  on  the 
controlled  pasture  lands  can  be  closely  estimated,  and  what  is  not 
otherwise  accounted  for  is  furnished  by  the  uncontrolled  range. 

For  Nevada  the  following  results  were  obtained  by  this  method : 
Fifteen  per  cent  of  the  feed  used  was  produced  by  the  (irrigated) 
harvested  crop  land  (about  400,000  acres),  4  per  cent  from  plowable 
pasture  land  and  8  per  cent  from  the  controlled  range  (the  two  to- 
gether estimated  at  about  5,000,000  acres),  11  per  cent  from  the 
national  forests  (4,750,000  grazable  acres),  and  the  remainder,  or  62 
per  cent,  from  the  uncontrolled  range  (about  56,500,000  acres).  This 
allows  3,600,000  acres  for  barren  and  unproductive  lands,  which  is  a 
reasonable  estimate.^'' 

THE  WATER  SUPPLY  AND  ITS  USE 

The  business  of  producing  livestock  in  Nevada — one  of  the  major 
])ermanent  industries  of  the  State — is  absolutely  dependent  upon  the 
proper  utilization  of  the  State's  water  resources.  Over  at  least  half 
of  the  area  of  the  State,  and  that  half  the  one  which  produces  the 
most  and  the  best  feed,  feeding  of  range  livestock  for  a  longer  or 
shorter  period  in  the  winter  is  a  necessity  determined  by  climatic 
conditions.  This  fact  is  basic  to  the  industry  and  has  been  taken  for 
granted  almost  since  the  business  started.  The  present  type  of  or- 
ganization of  the  livestock  industry  is  a  direct  outgrowth  of  this  fact. 
It  has  been  the  practice  for  many  years  to  assume  that  if  the  operator 
had  irrigated  land  enough  to  produce  the  hay  required  to  carry  100 
head  of  cattle  through  the  winter-feeding  period  he  could  run  100 
head  on  that  range,  because  the  outside  range  was  believed  to  be 
ample  to  carry  the  stock  through  the  remainder  of  the  year. 

18  Merritt,  E".  feed  resources  of  11  WESTERN  STATES,  1925.  U.  S.  Ext.  Serv.  Circ.  20. 
1926.      IMimeosraphed.] 

13  In  tli(>  opinion  of  the  writer  the  area  shown  as  controlled  pasture  and  range  Is 
several  times  too  large.  It  is  doubtful  if  the  fenced  pasture  lands  in  Nevada  aggregate 
over  1,000,000  acres  (not  including  irrigated  crop  lands).  They  can  hardly  be  credited 
with  producing  12  per  cent  of  the  total  feed.  If  this  judgment  is  correct  the  percentage 
of  feed  produced  by  uncontrolled  range  would  be  greater,  the  area  of  such  land  greater, 
and  the  animal-unit-days  feed  per  acre  from  this  source  a  little  greater. 

90244°— 32 3 
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Xeed  of  winter  feed  has  made  the  production  of  hay  in  sufficient 
quantity  to  supply  this  need  the  principal  function  of  the  irrigated 
lands,  for  tAvo  reasons:  (1)  The  range  lands  can  be  used  best  when 
f^uppleniented  with  a  reserve  suppl}'  of  feed  which  may  be  most  con- 
veniently produced  on  irrigated  lands,  and  (2)  the  demand  for  winter 
feed  furnishes  a  market  for  the  hay  that  is  one  of  the  most  easily 
jiroduced  crops  of  these  lands.  Virtually  all  the  irrigated  lands  are 
used  in  connection  with  the  livestock  industry,  usualW  as  part  of  the 
stock  ranches  themselves.  Only  a  very  small  part  of  the  total 
irrigated  area  of  the  State  is  being  used  for  ordinary  crop  farms. 
Census  figures  do  not  show  this  relationship,  because  they  list  all 
ranches  as  "  farms  "  and  include  all  owned  range  land  in  "  land  in 
farms." 

Permanent  watering  places  are  necessary  on  stock  ranges.  Per- 
haps the  most  striking  feature  of  the  ranges  of  Nevada  to  an  observer 
who  is  well  acquainted  with  other  arid  and  semiarid  range  lands  is 
the  long  distances  which  separate  the  watering  places.  This  is  to 
be  expected  in  areas  of  scanty  rainfall  like  that  covered  by  the 
creosote  bush  association  (fig.  3)  ;  but  in  other  States  seniiarid 
range  lands  having  grazing  capacity  comparable  with  that  of  most 
of  Nevada  have  many  more  developed  watering  places  than  are  to 
be  found  in  Nevada,  and  they  are  much  closer  together. 

The  suggestion  can  hardly  be  seriously  made  that  Nevada  stock- 
men do  not  know  of  the  water  resources  of  the  State  or  appreciate 
the  importance  of  proper  water  distribution  over  their  ranges  or 
that  they  are  unwilling  to  pay  for  the  development  of  such  a  vital 
necessity.  There  is  abundant  evidence,  including  that  in  several 
Government  publications,  to  prove  that  considerable  underground 
w' ater  is  available  which  might  be  but  is  not  used. 

Nor  can  it  be  argued  that  the  ranges  are  as  yet  understocked  and 
that  the  water  is  not  needed.  Evidences  of  long-continued  over- 
stocking abound  on  the  ranges,  and  the  literature  treats  of  the 
subject  in  many  places. 

In  the  opinion  of  the  writer  the  reason  for  the  lack  of  develop- 
ment of  stock  water,  which  is  conspicuous  all  over  the  State,  is  the 
fact  that  control  of  stock  water  in  most  cases  does  not  control  the 
range  surrounding  it.  AVhen  the  ranges  were  occupied  by  cattle 
alone,  such  privately  owned  watering  places  did  exert  a  measure  of 
control  over  the  surrounding  public  range  lands,  just  as  it  did  and 
still  does  in  other  regions  of  the  arid  Southwest.  This  control 
tlisappeared  when  it  was  learned  that  sheep  could  be  run  over  such 
ranges  in  the  winter  Avherever  sufficient  snow  could  be  found  to 
.supply  them  with  water. 

Control  of  tlie  stock  water  is  without  doubt  an  important  factor 
in  many  j)arts  of  the  State,  but  the  writer  surmises  that  it  is  the 
c-ontrfd  of  tho  irrigation  water  and  the  irrigable  land  upon  Avhich 
the  liay  for  tlie  winter  feeding  is  ])roduced  that  to  a  much  gi-eater 
d<'gre('  dominates  the  situation,  at  least  in  the  upper  Humboldt 
Valley,  and  brings  about  cei'tnin  undesirable  conditions.-" 

Kver  since  it  was  leai'uiMl  tliat  sheep  could  use  the  snow  for  water 
during  the  winter,  nomadic  sheep  have  been   tlie  bane  of  Nevada 

'"This  Nilunllnn  was  disriissori  simic  ycni-M  jiiro  hy  Adams  (/i,  though  he  seems  to  have 
oveninphaslzed   the   iiriporlniief  of  the  control   of  stock  water. 
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cattlemen.  Probably  more  thoug-ht  has  been  given  to  this  condition 
than  to  any  other  phase  of  the  livestock  business,  and  more  different 
kinds  of  abortive  attempts  have  been  made  to  control  nomadic  sheep 
in  Nevada  tlian  in  any  other  range  State. 

It  folloAYS  that  if  any  better  adjustment  of  the  business  to  the 
environment  is  to  be  brought  about,  the  method  of  approach  to  such 
a  change  must  be  by  way  of  legislation  affecting  the  grazing  use  of 
the  land,  since  there  is  little  probability  of  a  change  in  the  climatic 
conditions  involved. 

To  present  the  extent  and  distribution  of  the  water  resources  of 
the  State  and  their  utilization,  a  diagrammatic  map  is  given  (fig.  4) 
which  shows  the  irrigated  land  and  the  allotted  stock- watering 
places.  The  sources  from  which  the  data  were  obtained  and  the 
degree  of  accuracy  of  the  map  are  explained  below. 

With  the  other  dry-land  States,  Nevada  was  granted  control  of 
its  natural  waters  by  "the  law  of  18G6  (p.  32),  and^for  many  years  its 
citizens  appropriated  irrigation  and  stock  waters  (along  with  those 
used  for  mining  and  smelting)  without  any  very  definite  regulations. 

In  1905  the  State  legislature  passed  a  law  establishing  a  method 
of  obtaining  the  right  to  jmt  waters  to  beneficial  use.  ^  Water  appro- 
priations that  were  already  established  at  the  time  of  the  passage  of 
this  act  were  recognized  as  vested  rights,  for  both  irrigation  and 
stock  water.  Future  appropriations,  under  this  law,  are  to  be  made 
through  the  State  engineer,  who  k-^eps  a  record  of  all  official 
allotments. 

Since  much  of  the  irrigation  water  is  held  under  these  vested 
rights  some  of  which  are  not  yet  on  record  in  the  engineer's  office 
because  the  rights  have  not  yet  been  definitely  delimited,-^  a  copy 
of  his  records  would  show  only  a  part  of  the  land  actually  irrigated 
under  legally  appropriated  water.  This  is  true  in  lesser  degree  of 
the  stock  waters  held  under  vested  rights. 

The  best  map  of  the  irrigated  lands  of  Nevada  is  that  published 
in  the  report  on  irrigation" in  the  1920  agricultural  census.  Upon 
this  map  as  a  base,  the  positions  of  the  stock  watering  places  in  the 
State  allotted  up  to  1927  have  been  entered,  and  a  reduced  copy  of 
that  map  constitutes  the  impressionistic  picture  given  here.  (Fig. 
4.)  A  perfectly  accurate  map  of  this  kind  would  show  a  few  addi- 
tions to  and  slight  changes  in  the  irrigated  areas  here  depicted 
(which  were  rather  liberal  estimates)  and  more  dots  showing  stock 
watering  places,  but  the  general  picture  of  distribution  would  be 
essentially  the  same  as  this.  A  comparison  of  this  map  with  the 
land-tenure  map  (pocket  map  No.  1)  will  show  to  what  extent  the 
irrigated  lands  are  used  for  livestock  production  and  how  much 
is  used  by  farmers  (see  p.  28). 

THE  CONTROL  OF  THE  LAND  AND  ITS  UTILIZATION 

Nevada  was  part  of  the  area  ceded  to  the  United  States  by  Mexico 
in  1848.  Settlement  of  the  area  that  now  constitutes  the  State  began 
shortly  after  the  discovery  of  gold  in  California,  almost  wholly  in 
consequence  of  that  discovery,  and  in  two  ways. 

21  The  condition  of  uncertainty  as  to  area  irrigated  and  water  allotted  arises  from  the 
fact  that  the  law  establishing  vested  water  rights  did  not  require  that  each  be  determined 
and  recorded  with  the  State  engineer  within  a  specified  time.  A  similar  condition  exists 
iu  parts  of  Colorado,  with  consequent  uncertainty  as  to  the  limits  of  certain  vested  rights. 
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The  principal  land  route  to  the  fjohl  fields  followed  down  and  up 
two  of  the  most  important  stream  valleys  of  Xevada,  the  Humboldt 
and  the  Truckee,  hence  what  has  since  proved  to  be  some  of  the  best 
land  was  known  to  all  who  passed,  because  it  lay  beside  the  main 
traveled  road.  Stations  along  this  road  were  an  immediate  neces- 
sity, and  settlement  began  at  convenient  points  in  the  Humboldt 
Valley  and  in  other  valleys  near  the  base  of  the  Sierras. 

Soon  after  prospecting  for  gold  began  in  what  is  now  California, 
valuable  mineral  deposits  were  found  on  the  east  slopes  of  the  Sier- 
ras, and  mining  settlements  were  made  beside  the  prospect  holes  that 
produced  valuable  ore.  Thus,  mining  and  transcontinental  trans- 
portation were  established  and  were  then,  as  now,  two  of  Nevada's 
principal  industries. 

Stock  feed  was  abundant  in  the  Humboldt  Valley  and  in  many 
of  the  basins.  Pasture  grasses  were  plentiful  on  subirrigated  lands, 
and  many  ''  rye  patches  "  were  ready  to  be  cut  for  a  winter  supply 
of  hay.  The  transcontinental  traffic  of  the  time  brought  wdth  it, 
more  or  less  as  a  bj^-product,  the  first  of  the  animals  that  started 
the  third  great  industry  of  the  State — range-cattle  production. 
Although  the  range  livestock  industry  started  slowly,  it  grew  stead- 
ily, and  is  now  the  second  largest  source  of  taxes  in  the  State. 

From  the  original  cession  until  to-day — a  period  of  about  80 
years — the  lands  of  Nevada  have  been  easily  obtainable  under  one 
or  more  of  the  Federal  land  laws.  But  in  all  that  time  only  a  little 
over  4,000,000  acres— less  than  6  per  cent  of  the  70,000,000  acres  of 
land  in  the  State — have  passed  into  private  ownership,  if  the  lands 
granted  to  the  Central  Pacific  Railway  Co.  as  a  subsidy  are  excepted. 
Over  half  of  the  land  in  private  ownership  w^as  acquired  by  the 
indirect  method  of  purchasing  school  lands,  as  explained  elsewhere. 
(See  p.  33.) 

For  many  years  range  stockmen  claimed  that  the  lands  of  the 
Great  Plains — an  enormous  area  lying  w^est  of  a  generally  north- 
and-south  line  from  central  North  Dakota  to  San  Antonio,  Tex., 
and  stretching  to  the  Rocky  Mountains — was  good  for  nothing  but 
range  grazing.  It  was  generally  believed  that  the  rainfall  was 
insufficient  for  crop  farming  and  would  always  be  so.  Arguing 
from  this  assumption  and  the  fact  that  these  lands  were  then  in  use 
as  range  grazing  lands,  they  urged  that  the  lands  be  transferred  to 
them  in  large  bodies,  and  they  went  to  great  lengths  to  attain  this 
end.  That  they  could  never  agree  on  how  the  transfer  should  be 
made  probably  constituted  one  of  the  principal  reasons  why  no 
Federal  legislation  designed  to  fit  the  conditions  was  ever  passed. 
Later  experience  has  demonstrated  that  their  assumptions  and  con- 
tentions were  incorrect,  since  much  of  the  region  is  now  in  crop 
farms  and  most  of  it  is  capable  of  being  used  as  dry-land  crop  or 
crop  and  livestock  farms. 

That  such  a  condition  does  not  exist  in  the  case  of  Nevada  is  be- 
lieved to  be  demonstrated  by  the  analysis  of  the  existing  and  poten- 
tial utilization  of  its  lands  that  is  here  presented.  Recognizing  that 
a  more  intensive  use  of  the  land  might  arise,  great  care  has  been  ex- 
ercised, in  classifying  the  land  holdings  into  utilization  types,  that 
crop  farming  should  be  given  the  advantage  of  any  doubt  over  range- 
grazing  uses. 
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METHODS    USED    IN   THIS    STUDY 

Data  concerning  the  area,  of  land  owned  and  the  use  made  of  it  the 
previous  year  by  all  the  landowners  in  the  State  (outside  the  towns) 
were  obtained  from  the  county  assessors.  The  area  and  distribution 
of  the  lands  leased  from  the  railway  company  and  the  names  of  the 
lessees  were  copied  from  the  records  of  the  company.--  The  records 
of  all  the  stock  permitted  to  graze  in  the  national  forests  and  their 
distribution  in  the  forests  were  obtained,  as  well  as  the  range  classi- 
fication and  operative  subdivisions  of  the  forests.  A  considerable 
part  of  the  State  was  visited.  State  records  of  the  disposal  made  of 
the  school  lands  and  of  the  administration  of  the  water  laws  were 
studied  and  used.  State  and  Federal  officials  in  direct  touch  with 
the  use  of  the  lands  were  consulted,  as  were  numerous  stockmen  who 
are  using  these  lands.  The  literature  was  assembled  and  studied, 
and  the  developmental  and  legal  phases  were  considered. 

The  land  data  thus  obtained  have  been  assembled  and  the  owner- 
ships classified  on  the  basis  of  the  use  made  of  the  land  in  the  year 
to  which  the  records  applv — 1926.  The  summary  of  this  work  is 
jH-esented  on  the  land-tenure  map  (pocket  map  No.  1)  found  in  the 
])ocket  at  the  back  of  the  bulletin.  Further  explanations  of  methods 
used  and  generalizations  as  to  major  deductions  follow  in  the  text, 
and  some  of  the  details  are  shown  in  the  tables. 

The  major  subdivisions  of  the  State  were  on  the  Land  Office  maps. 
The  position  and  extent  of  the  national  forests  and  Indian  reserva- 
tions were  known,  as  well  as  the  approximate  limits  of  the  railroad 
land-grant  belt.  The  assembled  data  gave  the  location  and  amount 
of  the  privately  owned  land  ;  there  are  no  longer  any  State  lands,  and 
there  is  onl}'  one  small  national  monument.  The  remainder  is  all 
considered  to  be  public  domain,  though  a  small  part  of  it  is  held  as 
uncompleted  homestead  entries. 

The  first  step  was  to  devise  a  classification  that  would  fit  the  data 
and  give  an  instructive  picture  of  the  situation  when  these  data  were 
assembled.  The  principal  categories  of  such  a  classification  had  been 
suggested  by  the  data  themselves.  The  land  users  are  stockmen  or 
crop  farmers.  At  times  it  was  difficult  to  tell  to  which  class  a  par- 
ticular individual  belonged.  Some  of  the  land  is  not  used  by  its 
owners;  such  land  is  a  part  of  the  open  range,  and  is  grazed  by  range 
stock  if  it  is  used  at  all.  A  negligibh'  part  of  the  owned  land  is  used 
for  mining.  These  <hita  indicated  the  two  major  classes  of  users — 
(1)  range  stockmen,  (2)  farmers — and  a  thiid  group  of  owners 
which,  for  lack  of  any  better  name,  was  called  miscellaneous. 

Tlie  range  stockmen  automatically  fall  into  three  classes — produc- 
ers of  (1)  cattle,  (2)  slicep,  or  (3)  both  cattle  and  sheep.  It  was 
necessary,  for  tabulating  purposes,  to  set  somewhat  ai-bitrary  limits 
to  determine  what  should  be  called  a  cattleman,  or  ;<  sheepnum,  or  a 
farmer  having  range  stock.  A  man  wlio  liad  as  many  as  50  head  of 
range  cattle  was  classed  as  a  cattleman.  The  possession  of  more 
than  300  head  of  sheep  caused  a  nuui  to  be  classed  as  sheepman  unless 
the  list  of  the  shecjuuen  (in  the  State  brand  book)  showed  that  his 
sheep  coiistitutecl  ;i  '"  fai-iii  flock."  The  fact  that  a  man  had  a  i'(>gis- 
tered  brand  or  was  on  the  list  of  the  active  cattlemen  of  the  State 

"No  m«>iins  of  learning  about  ollir-i-  kinds  of  loascs  wore  available    (p.  29). 
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and  had  a  permit  to  p^raze  more  than  50  head  of  cattle  in  the  forest 
confirmed  his  classification  as  a  cattleman. 

To  avoid  classifying  a  "  farmer  with  range  stock ''  as  a  "  range 
stockman,"  whenever  a  doubt  in  the  matter  arose,  the  man  was  placed 
in  the  farmer  class.  The  resulting  sunnnaries  give  evidence  that 
some  of  those  listed  here  as  farmers  really  consider  themselves  stock- 
men, and  although  they  farm  tjieir  lands,  their  most  important 
source  of  income  is  livestock  produced  partly  on  the  open  range.  It 
is  thus  shown  to  be  almost  certainly  true  that,  by  various  incorrect 
but  unavoidable  interpretations  of  the  available  data,  the  total  num- 
ber of  men  and  the  area  of  the  holdings  of  such  men  as  consider  them- 
selves stockmen  rather  than  farmers  have  been  minimized.  This 
reduction  is  believed  to  be  small,  but  it  is  enough  to  insure  against 
exaggeration  of  stockmen's  numbers  and  holdings,  a  mistake  the 
author  was  anxious  to  avoid. 

Difficulties  were  also  experienced  with  the  "  miscellaneous  "  class. 
The  data  were  sometimes  insufficient  or  conflicting.  Assessors  did 
not  know,  or  what  they  said  disagreed  with  what  others  thought 
was  correct  or  what  w^as  shown  by  their  own  published  annual  re- 
ports. In  all  cases  of  doubt  or  uncertainity,  the  landowner  and  his 
land  were  classified  in  the  miscellaneous  group.  Although  the  evi- 
dence sometimes  suggested  that  considerable  areas  of  privateh'  owned 
land  were  probably  leased  to  stockmen  and  used  as  range  lands,  so 
long  as  the  data  were  insufficient  to  determine  the  use  with  certainty, 
such  lands  and  their  owners  were  classified  as  belonging  to  the  mis- 
cellaneous group.  In  a  number  of  instances  it  happened  that  the 
land  shown  on  the  assessor's  plats  (which  were  copied  for  study) 
was  shown  in  his  report  under  another  name  for  which  the  equivalent 
was  not  known.  Such  acreages  also  went  into  the  miscellaneous 
group. -^ 

There  is  hardly  any  doubt  that  a  considerable  number  of  sheep- 
men, who  neither  own  nor  lease  land  in  the  State  and  who  do  not 
have  permits  in  the  forests,  graze  their  animals  on  Nevada  ranges. 
These  methods  and  data  omit  all  such  users  of  the  public  domain. 
No  method  was  readily  applicable  that  would  give  reliable  quantita- 
tive data  concerning  such  operators. 

Considerable  talk  about  migratory  or  nomadic  sheep  was  heard. 
The  owners  of  such  sheep  were  nearly  always  said  to  live  in  an  ad- 
jacent State.  There  is  no  doubt  that  some  sheep  from  outside  the 
State  do  come  in,  and  it  is  certain  that  some  Nevada  sheep  go  out  of 
the  State  for  feed.  It  is  generally  believed  that  such  interstate 
movement  of  stock  (mostly  sheep)  is  a  necessary  condition  of  the 
best  use  of  the  available  forage,  though  there  is  reavson  for  believing 
that  its  importance  has  been  considerably  overemphasized.  The 
undesirable  consequences  of  such  unregulated  nomadism  are  well 
known.  It  is  recognized  that  many  of  these  sheep  belong  to  opera- 
tors who  have  established  possessory  and  other  rights  in  Nevada,  but 
they  do  not  confine  their  stock  to  the  areas  associated  with  such 
rights,  and  since  the  range  is  open  and  free  to  all  comers,  there  is 

"^  In  some  of  the  counties  containing  national  forests  the  assessor's  plats  did  not 
show  the  location  of  privately  owned  (alienated)  land  within  the  forest.  This  was  learned 
long  after  it  was  too  late  to  copy  these  data  from  the  forest  records.  This  gave  a  number 
of  names  of  permittees  for  whom  no  owned  land  could  be  found.  Some  of  tliese  were 
people  living  in  town,  some  were  Indians  whose  allotted  land  is  not  taxed,  and  some 
probably  held  rented  land   ( p.   30) . 
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no  means  of  regulating  their  actions.  But  it  makes  little  difference 
to  the  permanently  located  cattleman,  who  has  investments  in  ranch 
property,  whether  the  nomadic  sheep  that  appropriate  the  feed  on 
lands  surrounding  his  watering  places  which  is  needed  by  his  cattle 
belong  to  a  wandering  "  tramp ''  sheepman  or  to  a  Nevada  stockman 
with  possessory  rights.  Without  the  feed  he  is  powerless  to  carry 
on  his  business,  and  his  investment  is  valueless.  If  the  sheepman 
ultimately  buys  his  ranch  it  is  at  once  changed  from  a  home  occu- 
pied by  a  family  into  a  temporary  sheep  camp. 

From  this  explanation  it  follows  that  the  actual  number  of  range 
stockmen  of  all  kinds  in  Nevada  may  be  and  probably  is  somewhat 
greater  than  the  923  shown  in  Table  4.  The  figures  showing  numbers 
of  forest  permittees  and  lessees  of  railroad-grant  land  are  correct, 
as  are  the  numbers  of  permitted  stock  and  the  acreages  of  lancl 
leased  from  the  railroad  company.  Some  duplication  in  permittee 
numbers  was  unavoidable,  because  in  one  class  many  of  the  men  held 
permits  for  both  sheep  and  cattle  which  were  issued  and  enumerated 
as  separate  permits,  although  held  by  the  same  person. 

On  the  map  which  gives  a  picture  of  the  use  made  of  the  controlled 
land  (pocket  map  No.  1)  the  areas  in  black  (showing  the  controlled 
lands  of  farmers  with  and  without  range  stock)  and  in  red  (miscel- 
laneous— all  kinds)  are  both  exaggerated.  A  considerable  part  of 
the  red  and  some  of  the  black  should  be  green  or  blue  or  yellow. 
The  colors  black  and  red  were  chosen  in  order  to  accentuate  further 
these  really  insignificant  areas  when  compared  with  the  other  colored 
areas  and  the  large  area  of  white — ^the  public  domain. 

In  only  one  way  can  injustice  be  said  to  have  been  done  by  this 
method.  Although  areas  of  "  miscellaneous  "  and  "  farm  "  lands  are 
small,  the  numbers  of  people  listed  under  these  terms  are  larger 
than  they  should  be,  and  comparisons  of  such  numbers  should  take 
this  into  consideration  when  generalizations  are  being  attempted. 
(See  explanation  following  Table  4,  p.  30.) 

In  spite  of  the  minor  but  unavoidable  inaccuracies,  the  relation- 
ships shown  by  the  ratios  and  percentages  obtained  by  the  study  are 
believed  to  be  entirely  reliable,  and  the  following  generalizations 
concerning  the  relative  importance  of  the  various  types  of  land 
control  and  use  are  warranted. 

THE  RANGE  STOCKMEN 

At  least  16  per  cent  of  all  the  landowners  ^^  in  Nevada  are  stock- 
men whose  principal  business  is  raising  cattle,  sheep,  or  both.  The 
mmiber  is  somewhat  dependent  upon  definition,  but  is  safely  between 
750  and  1,000  indivi(hials  or  companies.  The  number  so  classifie(l 
here,  using  the  method  previously  explained,  is  923,  of  whom  572 
raise  cattle,  210  raise  sheep,  and  141  raise  both  cattle  and  sheep. 

'J'hese  men  own  about  GS  per  cent  of  all  the  privately  owned  land 
in  the  State.-'*  Of  the  923  owners,  103  (11.4  per  cent)  lease  more 
railroad  land  than  the  whole  group  owns,  and  what  they  rent  is  over 
08  per  cent  of  all  the  railroad  land  rented. 

It  is  of  intei-cst  that  the  average  holding  of  the  cattlemen  (ap- 
proximately 2,250  acres)  is  about  the  same  as  that  of  the  sheepmen 

"  Not  including  town  proporty  nor  rnllrond  land. 
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(approximately  2,400  acres)  and  that  the  operators  who  are  handling 
both  kinds  of  stock  have  average  holdings  nearly  four  times  as  large 
(8,500  acres).  The  sheepmen  lease  much  more  railroad  land  per 
man  (34,700  acres)  than  the  cattlemen  do  (13,900  acres),  but  not  as 
much  as  the  men  who  raise  both  sheep  and  cattle  (61,150  acres). 

These  figures  clearly  demonstrate  that  the  men  who  are  raising 
botli  kinds  of  stock  are  much  the  larger  operators.  The  class  includes 
most  of  the  large  incorporated  companies.  JNIost  of  the  smaller  oper- 
ators are  those  Avho  produce  cattle  only,  though  a  considerable  num- 
ber of  the  sheepmen  have  only  one  band. 

These  range  stockmen  (including  all  kinds)  control  about  81  per 
cent  of  all  the  controlled  land  in  the  State.  Of  this  group,  nearly 
half  (47  per  cent)  hold  permits  to  graze  livestock  in  the  national 
forests  during  the  summer.  These  permittees  own  94.1  per  cent  of 
all  cattle  and  98.7  per  cent  of  all  the  sheep  permitted  in  the  forest, 
and  they  control  (own  or  lease)  nearly  half  (47  per  cent)  of  all  the 
controlled  land  of  tlie  State.  In  this  group  of  permittees  the  men 
who  handle  both  kinds  of  stock  again  constitute  the  dominating 
factor.  The  average  forest  permit  of  the  cattlemen  is  about  175 
head ;  the  sheepman's  average  number  is  3.500  head,  while  the  corre- 
sponding numbers  for  the  operators  who  raise  both  kinds  of  stock  are 
325  and  4,100  respectively. 

The  figures  obtained  do  not  show  how  many  acres  of  the  irrigated 
land  are  in  stock  ranches  instead  of  farms.  But  a  careful  compari- 
son of  the  water-resources  map  (fig.  4)  with  the  land-tenure  map 
(pocket  map  No.  1)  will  give  a  good  idea  of  the  relative  propor- 
tions. It  is  safe  to  say  that  over  half  of  the  irrigated  land  of  the 
State  is  in  stock  ranches;  and  the  census  report  shows  that  much 
the  greater  part  of  the  crop  land — ^the  irrigated  land — produces  hay, 
practically  none  of  which  leaves  the  State. 

The  tables  demonstrate  that  much  the  greater  part  of  the  land  area 
of  Nevada — irrigated  valley  land,  railroad-grant  land,  national  for- 
ests, and  open  public  domain — is  used  for  the  range  production  of 
livestock.  They  also  show  that  a  few  large  operators — less  than  150 
in  number — each  of  whom  raises  both  cattle  and  sheep,  control  over 
one-third  of  all  the  controlled  land  of  the  State  and  use  at  least  that 
proportion  of  the  open  grazing  lands.^^ 

These  figures  disprove  one  generalization  which  has  often  been 
made  and  which  is  accepted  as  true  by  many  of  the  stockmen.  It  is 
often  stated  that  the  only  proper  organization  of  a  stock  ranch  in 
Nevada  is  one  that  will  furnish  (1)  winter  feed  and  some  fall  and 
spring  grazing  on  the  owned  land  of  the  ranch,  (2)  summer  grazing 
under  permit  in  the  national  forests,  and  (3)  the  remainder  (possibly 
five  or  six  months'  feed)  on  the  public  domain. 

There  can  be  no  doubt  that  an  organization  of  this  Idnd  is  a  con- 
venient one  and  one  which,  under  favorable  economic  adjustments 
and  on  a  large  scale,  may  be  profitable  to  the  operator.     But  the 

^  Attention  is  asain  called  to  the  comparisons  presented  in  Table  1  (p.  4)  as  to  tlie 
relative  i^roductivity  of  these  arid  ransje  srazins  lands.  Acreajies  controlled  by  some  of 
the  larger  operators  seem  very  larpre  to  men  accustomed  to  think  of  highly  productive  crop 
land,  but  the  actual  size  of  business  of  such  men  is  not  out  of  the  common  when  com- 
pared with  large  ranches  elsewhere.  Two  of  the  largest  operators  in  the  State,  each  of 
whom  owns  more  than  90.000  acres,  rentsi  450,000  acres  of  railroad  land,  and  uses  approxi- 
mately 2.000,000  acres  of  public  domain,  run  less  than  the  equivalent  of  12.000  head  of 
cattle  each.     There  are  ranches  in  other  States  that  run  considerably  more  stock. 
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tables  show  that  only  a  few  of  the  ranches  are  completely  so  organ- 
ized, since  less  than  10  per  cent  of  the  cattle  and  not  over  75  per  cent 
of  the  sheep  go  to  the  national  forests.  These  percentages  are  both 
too  large,  since  they  show  what  percentage  permitted  cattle  and 
sheep  are  of  the  total  assessed  number  of  range  cattle  and  sheep 
for  the  State,  and  it  is  well  known  that  numbers  of  assessed  stock  are 
rarely,  if  ever,  the  full  numbers,  and  that  a  considerable  number  of 
"  tramp  "  sheep  are  not  taxed. 

Not  only  is  this  general  type  of  range-stock  raising  not  the  only 
possible  one,  but  it  is  doubtful  whether  it  is  the  most  desirable  one 
from  the  standpoint  of  anyone  but  the  man  who  profits  by  it.  The 
writer  agrees  with  Adams  (1)  in  thinking  that,  as  it  is  at  present 
exemplified,  it  is  undesirable  sociologically ;  and  he  is  also  reasonably 
certain  that  it  makes  for  a  relatively  inefficient  use  of  a  large  part 
of  one  of  the  State's  major  natural  resources — ^the  irrigable  land  and 
the  associated  irrigation  water. 

In  support  of  the  conclusion  that  such  a  condition  exists  in  the 
northeastern  corner  of  the  State  -•'  and  constitutes  a  separate  and 
very  different  problem  in  land  utilization.  Table  3  has  been  com- 
piled from  the  United  States  Agricultural  Census  of  1925  (29), 
supplemented  by  more  recent  detailed  figures.  It  has  been  so  ar- 
ranged as  to  show  the  efficiency  with  wdiich  the  crop  land  is  now 
being  used  by  the  operators  in  these  four  counties  as  compared  with 
the  uses  of  such  land  in  the  other  counties  of  the  State. 


Table  3. — Data  for  a  comparison  of  tlie  i-ehitive  cfftciency  of  utUization  of  their 
croit  land  and  water  resources  as  mnde  bif  the  4  northeastenh  counties  of 
Nevada  and  hy  the  other  13  counties 

COMPARATrVE  ACREAGES,  YIELDS,  AND  VALUES 


Item 


Land  area 

Land  in  farms 

Crop  land. 

Land  in  hay  (all  kinds).. 

Area  in  alfalfa. 

Estimated  yield  of  alfalfa  hay  <> 

Area  in  wild  ^ass 

Estimated  yield,  wild  grass  hay  » 

Area  of  all  other  hay , 

Estimated  yield  of  all  other  hay  • 

Kstimated  yield  of  all  hay  ° 

Total  yield  of  all  hay 

Crop  land  in  other  crops... 

Remainder  of  crop  land  (idle,  fallow,  etc). 

Value  of  all  crops 

Value  of  all  livestock... 

Value  of  all  livestock  products 


Unit 


Acre.. 

do. 

do. 

do. 

do. 

Ton.... 
Acre... 
Ton.... 
.Vore... 
Ton.... 
..do. 

do. 

Acre... 

do. 

Dollar. 

do. 

do. 


The  4  north- 
eastern coun- 
ties 


23. 
2, 


2, 

n, 


514,  240 

430,  459 

295,  632 

167,  178 

28,804 

48,  679 

106,  612 

90.  (i20 

31,  762 

34.  305 

173.  602 

153,  740 

.3,(M7 

125.  407 

3.54,  799 

439.  .577 

490,900 


The  13  other 
counties 


46,  771.  200 

1,  660,  127 

237, 982 

165,  .504 

111.851 

268,442 

21,  446 

19,  516 

32,207 

43.802 

331,760 

312, 146 

25,  541 

46, 937 

6,101,034 

14.933,951 

4, 180, 503 


»  Estimated  from  weiRhted  average  acre  yields  for  the  counties  included,  using  data  obtained  in  192:)  for 
the  1930  census,  .'^uch  detailed  fl^'ures  were  not  published  in  the  1925  census.  The  average  yields  i>er  acre 
change  very  little  from  year  to  year. 

^•"niis  expression  is  used  (p.  4S)  to  rofor  to  tlic  iii)p«'r  Hninholdt  Valley  iind  its 
brnnclii'S  :  llic  ciitKliliniis  arc  best  exemplified  in  KIko  Coiinly.  In  (•i)mi)ilitit;  thi-  tiible.  Ihe 
four  cnuiilies.  I':ik(),  Eureka,  Ilumbuhjt,  and  Lander,  were  treated  as  coiistitul  in«  the 
ipplon  concerned.  Of  course,  this  is  only  a  rouKh  approximation  for  which  census  flK'ures 
could  be  awsembled. 
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Table  3. — Data  for  a  comparison  of  the  relative  efficiency  of  utilization  of  their 
crop   land   and  water  resources,   etc. — Continued 

PERCENTAGE  COMPARISONS 


Item 


Unit 


Cropland  in  hay j  Percent 

Crop  land  in  alfalfa 

Crop  land  in  wild  grass 

Crop  land  in  other  hay 

Crop  land  in  other  crops 

Remainder  of  crop  land  (idle,  fallow,  etc.) 

Value  of  all  crops 

Value  of  all  livestock 

Value  of  all  livestock  products 


do- 
do, 
do. 
do. 
do. 
do. 
do. 
do. 


The  4  north- 
eastern coun- 
ties 


56.  .55 
9.74 
3fi.  Ofi 
10.  75 
1.03 
42.42 
27.  85 
43.38 
26.  29 


The  13  other 
counties 


69.  54 
47.00 
9.01 
13.  53 
10.73 
19.72 
72.  15 
56.62 
73.71 


AVERAGE  YIELDS  PER  ACRE 


Alfalfa  hay  in  1929 

Wild  siass  hay  in  1929  . 
All  other  hay  in  1929... 

All  hay  in  1929 

AUhay  in  1924 


Ton. 


.do. 
-do. 
-do. 
.do. 


1.69 

.85 

1.08 

1.04 

.92 


2.40 
.91 
1.36 
2.00 
1.89 


It  should  be  remembered  that  the  most  valuable  natural  resources 
of  Nevada  are  its  irrigable  land  and  its  irrigation  waters.  Since 
only  irrigable  land  can  be  cropped  in  that  State,  the  census  figures 
for  crop  land  and  its  utilization  give  data  for  comparisons.  Since 
by  far  the  greater  part  of  the  crop  land  produces  hay,  a  careful 
study  of  the  area  and  production  of  each  kind  of  hay  and  the  aver- 
age yield  per  acre  are  criteria  as  to  the  efficiency  of  use  of  both 
land  and  water.  Unfortunately,  the  yields  of  the  different  kinds 
of  hay  were  not  obtained  for  the  1925  census,  but  the  details  for 
1929  are  now  available  and  have  been  applied  to  the  1924  areas 
on  the  assumption  that  average  county  yields  per  acre  do  not  vary 
Jnaterially  from  year  to  year.  Since  the  principal  agricultural 
industry  of  all  the  counties  is  the  same  and  the  products  of  this 
industry  are  closely  comparaljle,  the  total  values  of  the  diiferent 
agricultural  products — crops,  livestock,  and  livestock  products — also 
indicate  relative  efficiency  of  the  use  of  the  land  and  water  for 
agriculture. 

Attention  is  called  to  some  of  the  striking  contrasts  shown  in 
Table  3.  Though  the  four  counties  contain  only  about  one-third  of 
the  land  area  of  the  State,  they  have  about  three-fifths  of  the  land 
in  farms  and  55  per  cent  of  the  crop  land,  which  also  includes  the 
irrigation  water.  Notwithstanding  these  advantages,  the  4  coun- 
ties have  only  1,674  acres  more  land  in  hay  than  the  13  other  coun- 
ties and  less  than  one-eighth  as  much  land  in  other  crops.  Over 
40  per  cent  of  the  crop  land  of  the  4  counties  was,  for  one  reason 
or  another,  unproductive,  whereas  the  corresponding  figure  for  the 
13  counties  was  less  than  20  per  cent. 

Yet  the  13  counties  had  nearly  four  times  the  acreage  of  alfalfa 
that  the  4  counties  had  and  produced  five  and  one-half  times  as  much 
alfalfa  hay  and  about  the  same  acreage  of  all  other  tame  hay,  with 
over  one-fourth  larger  total  yield.  The  acreage  of  wild-grass  hay 
in  the  4  counties  is  nearly  five  times  that  of  the  other  13,  but  the 
average  yield  per  acre  is  somewhat  less.     Average  yields  and  feeding 
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value  of  wild-grass  hay  are  usually  much  less  than  those  of  alfalfa 
and  somewhat  less  than  those  of  other  tame  hays.  The  average 
yield  per  acre  of  all  kinds  of  hay  in  the  4  counties  was  less  than  half 
that  in  the  other  13,  and  although  the  hay  acreage  was  greater  the 
total  tonnage  produced  in  the  4  counties  was  only  slightly  over  half 
that  grown  in  the  other  counties.  The  better  utilization  of  these 
natural  resources  is  certainly  desirable,  and  these  4  counties  con- 
stitute one  part  of  the  State  that  might  profit  by  a  better  organiza- 
tion and  use  of  its  irrigable  land  and  irrigation  water. 

The  writer  also  believes  that  the  earlier  method  of  estimating  rate 
of  storking  cattle  ranches  (p.  IT)  no  longer  holds  good,  as  much  of 
the  spring  and  fall  pasture  land  has  been  tui-ned  into  hay  land  by 
a  better  use  of  the  water  supply,  and  the  grazing  capacity  of  the 
oi^en  i-ange  land  has  been  depleted  considerably  by  continued  over- 
grazing. In  consequence,  the  spring  and  fall  grazing  periods  on 
pastures  and  ranges  have  been  shortened  without  lengenthing  the 
feeding  period,  and  the  number  of  cattle  has  been  increased  because 
of  increased  hay  production.  This  results  in  an  attempt  to  lengthen 
the  summer  grazing  period  to  a  degree  that  the  area  of  this  sort  of 
feed  will  not  carry.-^ 

THE   FARMERS 

Twent3'-seven  per  cent  of  all  the  landowners  (1,550  operators) 
are  crop  farmers,  though  some  of  them  (429  operators)  run  a  few 
head  of  stock  on  the  open  range.  They  own  about  355,000  acres  of 
land,  which  constitutes  only  8.1  per  cent  of  all  the  owned  land  in 
the  State.  The  average  size  of  their  farms  is  about  230  acres.  Since 
most  of  them  do  not  use  outside  range  land  and  since  land  that  is 
not  irrigated  can  not  be  farmed,  the  greater  part  of  the  land  in  these 
farms  is  consequently  irrigated  or  irrigable.  Only  a  few  of  them 
have  leased  any  railroad  land  in  addition,  and  the  amount  leased 
raises  the  average  size  of  the  farm  less  than  10  acres.  Forty-six  of 
those  farmers  having  range  stock  hold  permits  in  the  national  forests, 
which  sui)i)ly  summer  feed  for  1,067  head  of  cattle  and  795  sheep. 
The  cattle  permitted  constitute  less  tlian  2  per  cent  of  all  permitted 
cattle  on  the  forests,  and  the  sheep  are  0.2  per  cent  of  all  permitted 
sheep. 

From  these  figures  it  is  safe  to  say  that  there  have  been  few  or 
no  mistakes  in  the  classification  of  these  landowners  as  farmers. 
They  use  the  range  lands  and  national  forests  hardly  at  all.  Their 
numbers  and  the  jjercentage  of  the  owned  land  that  belongs  to  them 
show  how  unimportant  farming  (as  most  people  understand  tlie 
word)  is  in  Xcvaihi. 

As  will  be  noted  by  an  examination  of  the  land-tenure  map,  on 
which  farm  land  is  shoAvn  in  black,  appreciable  areas  of  farm  land 
are  to  he  found  in  only  a  few  phices  in  the  State.  Tiiese  black  areas 
occur  ah)ng  the  bases  of  the  Ruby  Mountains,  around  Lovelocks, 
;ii<iuu(l  Faih)n,  n<'!ii-  Keno  ami  Carson  City,  at  Minden  and  Gardner- 

"  hH'idciitiiUy.  it  should  lie  iif>tr(l  Hint  lliis  cliiin'^i'  in  tlic  iMljnstmcnls  of  soasonnlly 
iirodiirrd  feeds  Iliis  iilso  resulted  ill  ciiiisidenilile  iiii.ilisl  ili;ilile  eoiiiiii.iiii  I  ,-i;;:iiiisl  llii'  Jidmill- 
IstniUoii  of  i|.e  iiiitioniU  forests.  'I'lie  ;ireiis  witliiT!  forest  iMiund.'nics  furnish  only  a 
I'ertiiin  ciicintily  of  feed.  There  is  no  doiiht  that  under  the  iniinit>;ement  of  forest  olliciiils 
the  unizliiu  jiipiicity  of  these  ureas  has  increased.  It  is  no  fault  of  the  ofliolal  if  more 
feed  in  desired  than  <'nn  he  furnished  hy  tli;it  area.  His  duty  lecniires  liiin  to  i>reveiit  any 
iiilHii.se   of   the  area   under  his   contrcd. 
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ville,  and  near  Wellington,  Yerrin^ton,  and  Wabuska.  Small  farni- 
in<i-  ai-eas  are  found  in  the  Virgin  and  Moapa  Valleys,  in  Clark 
Comity,  about  Bunkerville,  Mesquite,  Overton,  and  St.  Thomas, 
and  in  Lincoln  County,  a  few  around  Panaca. 

It  is  strikingly  noticeable  that  real  farms  are  not  found  in  the 
Humboldt  Valley,  except  around  Lovelocks,  though  the  Humboldt 
Kiver  is  the  major  source  of  irrigation  water  supply  in  the  State, 
as  shown  by  the  map  of  the  water  resources.  This  map  indicates 
l)lainly  that  there  is  more  irrigable  land  north  of  the  railroad,  be- 
tween' Winnemucca  and  Wells  and  north  to  the  State  boundary, 
than  in  all  the  remainder  of  the  State.  Almost  none  of  it,  however, 
is  used  by  crop  farmers;  it  is  included  in  stock  ranches. 

THE   MISCELLANEOUS   CLASS 

So  far  as  numbers  go,  even  if  proper  allowance  be  made  for  the 
exaggeration  in  this  category,  at  least  half  the  landowners  in  Nevada 
(not  including  owners  of  town  property)  are  in  the  miscellaneous 
class. 

The  area  held  is  comparatively  large  (three  times  that  classified 
as  in  crop  farms),  and  the  average  area  owned  by  one  man  (over 
half  a  section)  is  misleading.  Familiarity  with  the  actual  records 
warrants  the  statement  that  probably  three-fourths  of  the  owners 
listed  here  owned  160  acres  or  less. 

The  facts  that  14  of  them  leased  additional  railroad  land  (av- 
erage amount  over  3,000  acres)  and  that  8  of  them  held  permits 
to  graze  cattle  and  sheep  in  the  forests  indicate  that  some  range 
stockmen  were  classified  in  this  group  because  of  insufficient  or 
inaccurate  data.  Several  large  holdings  that  were  probably  leased 
to  stockmen,  but  for  which  complete  data  were  not  obtained,  were 
intentionally  included. 

The  memlbers  of  this  miscellaneous  group  consist  largely  of  such 
liolders  as  the  following:  (1)  Homesteaders  who  got  title  to  their 
lands  but  abandoned  them;  (2)  men  or  banks  tliat  have  loaned 
money  on  small  pieces  of  land,  which  they  were  compelled  to  take 
over;'  (3)  all  patented  mining  property,  mill  sites,  etc.;  (4)  all  land 
held  l)y  nonresident  owners  who  still  pay  taxes  but  do  not  lease 
the  land;  (;"))  all  those  whose  lands  were  shown  on  the  assessors' 
plats  but  were  listed  under  other  names  in  their  reports;  and  (6) 
any  one  for  whom  no  definite  data  were  obtained.  Those  not  in 
the  assessors'  reports  were  rather  numerous.  The  list  probably  arises 
from  the  fact  that  changes  on  the  rolls  due  to  transfer  of  ownership 
were  not  kept  up  to  date  on  the  plats.  The  error  involved  is  of  rela- 
tively little  importance  and  would  not  change  percentages  above  the 
tenths  place. 

Table  4  summarizes  relationships  that  have  already  been  pre- 
sented. The  figures  demonstrate  that  about  one-sixth  of  the  land- 
owners of  the  State  use  for  the  production  of  range  livestock  (1) 
probably  three-fourths  of  the  owned  land,  including  over  half  of 
the  irri'gated  land,  (2)  practically  all  of  the  railroad-grant  land, 
(3)  over  95  per  cent  of  all  the  forest  ranges,  and  (4)  at  least  three- 
fourths  of  the  usable  area  of  the  public  domain,  along  with  (5)  a 
large  part  of  the  million  acres  of  the  land  owned  by  the  members 
of  the  miscellaneous  group.     The  overwhelming  dominance  of  this 
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industry  over  all  others  using  the  land  surface  of  the  State  is  shown 
statistically  in  the  table  and  is  graphically  pictured  on  the  land- 
tenure  map.  It  is  believed  that  this  represents  about  the  only  feasible 
use  for  by  far  the  greater  part  of  the  land  area  of  the  State,  but  that 
marked  improvements  in  its  organization  are  possible. 

Table  4. — Summanj  of  data  concernluy  la,nd  tenure  and  utilization  in  Nevada, 

1926 

[For  geographic  distribution  of  holdings  and  nature  of  use  see  pocket  map  No.  1] 
STOCK    RANCHERS— ALL    KINDS 


Nature  of  the  control  exercised 

Landowners 

Land  lessees 

Holders  of  permits   in   national 
forests  for— 

Type  of  use 

Own- 
ers' 

Area 
owned  ^ 

Les- 
sees 3 

Area 
leased  2 

Cattle 

Sheep 

Per- 
mit- 
tees* 

.Vnimals 

yier- 
mitted 

Per- 
mit- 
tees » 

Animals 

per- 
mitted 

Producers  of— 

Cattle 

Num- 
ber 
572 
210 
141 

Acres 
1,  289,  966 

507,  581 
1,  197. 860 

Num- 
ber 
48 
31 
24 

Acres 
668, 170 
1,075,430 
1, 467, 780 

Num- 
ber 
237 
7 
42 

Number 

40,  950 

140 

13,  598 

Num- 
ber 
2 
86 
49 

Number 
720 

Sheep 

300,  985 

Cattle  and  sheep ._ 

201,  760 

All  stock  ranches 

Per  c«nt  of  {jrand  total- .. 

923 
16.0 

2,  995, 407 
67.8 

i03 
74.1 

3,  211,  380 
98.3 

286 
69.3 

60, 688 
94.5 

137 
94.5 

503, 465 
98.7 

FARMERS— ALL   KINDS 


Farmers  with  range  stock 

Farmers  only 

429 
1,121 

141, 662 
214,  237 

14 
8 

8,440 
3,580 

42 

1,067 

4 

1 

780 
15 

.\11  farms     

1,  550 
27.0 

355, 899 
8.1 

22 
15.8 

12, 020 
0.4 

42 
10.2 

1,067 
1.7 

5 
3.4 

795 

Per  cent  of  grand  total . . 

0.2 

MISCELLANEOUS 


Miscellaneous  of  all  kinds 

Per  cent  of  grand  total 

Permittees    with    incomplete 
land  data ' 

3,275 
57.  0 

1,  065,  533 
24.1 

14 
10.1 

42,  260 
1.3 

8 
1.9 

77 

1,  239 
1.9 

1,230 

1 
0.7 

2 

1,  512 
O.S 

4,306 

Grand  total .  

5,  748 

4,416,839 

139 

3,265,600 

5  413 

5  64, 224 

5  145 

s  510. 078 

'  Number  of  individuals  or  firms  owning  land,  as  shown  on  assessors'  plats. 

2  Estimated  acreage  of  owned  or  leased  land  dotermine<l  by  assuming  that  each  surveyed  section  contains 
640  acres. 
'  Number  of  same  individuals  or  firms  who  leased  railroad  lands. 

*  Number  of  same  individuals  or  firms  who  held  grazing  permils  in  the  national  forests. 
»  See  explanation  on  following  i)aKes. 

liesides  the  landowners  shown  in  Table  t  thei'c  were  TO  other  per- 
mittees for  whom  no  record  of  owned  land  could  be  found  on  any  of 
the  available  records.  (See  footnote  on  p.  23.)  Of  these  jxumittees 
in  wei'c  Indians.  Many  of  the  Indians  of  S'evada  have  had  land 
allotted  to  them,  but  since  the  i)ateiit  has  not  been  issued  the  laml 
is  not  assessed  for  ta.xation  and  is,  therefore,  not  on  the  asse.ssors' 
records.  These  !'•>  Indians  held  ])ermits  for  LIS  cattle  and  hor.ses; 
prol)Mbly  most  of  the  animals  were  hoi'ses.  Four  of  (hem  togethei- 
held  |)ciniits  for  121  oi"  (he  l.'iS  animals.  The  numbers  pcrmi(((Ml  to 
each  of  these  owners  were  such  that  they  would  fall  in  the  **  farmers 
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with  range  stock  "  class  if  the  records  had  shown  that  they  owned 
any  land!     The  others  average  less  than  three  head  per  permit. 

Of  the  79  permittees,  37  probably  live  in  town,  as  they  are  taxed 
for  town  property  and  do  not  own  land  outside  of  town.  Of  these,, 
2  hold  permits  for  33  and  19  head  of  cattle  or  horses,  respectively^ 
and  the  other  35  average  exactly  5  head  per  permit.  The  two  men- 
tioned probably  rented  some  farm  land  and  should  fall  in  the  class  of 
''farmers  with  range  stock." 

There  were  23  other  permittees  in  this  group,  all  but  6  of  whom 
held  some  taxable  property  as  shown  by  the  tax  reports.  The  asses- 
sors' reports  show  the  nature  and  value  of  the  property  but  do  not 
show  the  acreage  nor  location  of  real  estate.  The  forest  records  show 
the  numbers  of  animals  permitted.  Judging  from  such  data  alone,, 
there  are  5  permittees  of  the  "  cattleman  "  class,  having  permits  for 
456  head,  and  16  permittees  that  would  be  classed  with  the  "  farmers 
with  range  stock,"  having  permits  for  389  head,  an  average  of  24 
head  each.  One  has  a  farm  flock  of  28  sheep  also.  There  are  two 
other  permittees  having  permits  for  sheep.  One  of  these  is  a  bank 
having  an  annual  permit  for  3,028  head.  These  sheep  w^ere  either 
some  taken  on  a  mortgage,  or  the  bank  got  the  permit  for  some 
borrower  who  controlled  land.  The  other  is  a  town  resident  with  a 
permit  for  1,250  head  that  are  probably  run  on  rented  land  when 
outside  the  forest. 

The  table  as  it  stands  shows  all  the  owned  land  except  allotted 
Indian  lands.  The  classification  is  explained  and  its  limitation 
recognized.  The  permits  just  noted  indicate  some  possible  correc- 
tions. If  it  be  assumed  that  the  estimates  made  above  show  a  correct 
classification  and  that  the  land  is  already  included  in  the  black  or 
red  area  on  the  map,  both  of  which  are  known  to  be  exaggerated,  the 
indicated  changes  of  the  table  should  be  an  increase  in  the  number 
of  permittees  and  permitted  stock,  as  follows : 

To  the  producers  of  cattle  class  add  5  permittees  and  456  cattle; 
to  the  producers  of  sheep  add  2  permittees  and  4,278  sheep;  to  the 
farmers  with  range  stock  add  4  Indians,  2  townspeople,  and  16  others, 
and  565  head  of  cattle  or  horses  and  28  sheep ;  and  add  50  permittees 
and  209  cattle  or  horses  to  the  miscellaneous  group. 

These  changes  if  warranted  (1)  would  not  change  the  land  area 
at  all;  (2)  would  increase  the  total  number  of  cattlemen  to  577, 
sheepmen  to  212,  and  total  stockmen  to  930;  w^ould  increase  the  num- 
ber of  farmers  with  range  stock  to  451  and  farmers  of  all  kinds  to 
1,572 ;  would  raise  the  number  of  miscellaneous  owners  to  3,325  and 
the  grand  total  of  all  operators  or  owners  to  5,827:  and  (3)  increase 
the  numbers  of  permitted  stock  by  1,230  cattle  or  horses  and  4,306 
sheep. 

IMPORTANT    STEPS    IN   THE    DEVELOPMENT   OF   THE    LIVESTOCK 

INDUSTRY 

Certain  outstanding  conditions  in  the  range-livestock  industry  in 
Nevada  are  so  directly  traceable  to  previous  events  that  a  clear 
understanding  of  these  conditions  is  best  obtained  by  reference  to 
what  led  up  to  them.  A  mere  chronological  synopsis  of  principal 
events  will  be  given,  with  emphasis  on  those  that  are  more  important. 
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The  first  steps  in  the  occupation  and  development  of  what  is  now 
Xevada  have  ah-eady  been  described  and  the  rehitionshi])s  of  other 
developments  to  mining  have  been  pointed  out  (p.  19).  The  peculiar 
environment  and  the  new  kind  of  industry  resulted  in  a  type  of 
organization  that  was  not  thought  out  in  advance.  Everyone  was 
directly  interested  in  mining  even  if  he  might  be  for  the  moment 
cooking  in  a  ''  hotel  "  or  driving  a  "  bull  team."  Consequently  every- 
thing was  thought  of  as  subservient  to  mining,  and  all  customs- 
there  were  no  laws — as  to  land  ownership,  use  of  timber  and  water, 
mineral  discovery  and  development,  were  made  to  fit  the  principal 
business  and  the  region.  The  commanding  officer  of  the  American 
forces  (Mason)  at  the  close  of  the  Mexican  War  is  quoted  as  saying 
to  the  miners: 

Tlie  Mexican  law  is  abrogated.  This  is  public  laud  and  the  gold  is  the 
property  of  the  United  States ;  all  of  you  are  trespassers.^**  But  tlie  Government 
is  benefited  by  your  gettmg  out  the  gold.    I  do  not  intend  to  interfere. 

Later,  when  some  kind  of  official  government  was  considered  neces- 
sary, they  placidly  adopted  the  laws  of  certain  eastern  States  and  the 
connnon  law  principles  and  went  on  following  their  customs.  The 
law  passed  by  Congress  in  1866  '^  merely  made  legal  the  local  customs 
and  laws  of  the  country,  without  defining  any  of  them.  During  much 
of  this  time  the  existing  laws  were  being  unwittingly  and  thought- 
lessly violated. 

Meanwhile  the  enormous  wealth  of  the  Comstock  lode  had  been 
discovered  (1859)  and  was  being  exploited;  Virginia  City  had  be- 
come the  center  of  population  of  the  region,  and  the  Territory  of 
Nevada  had  been  organized  (1862).  The  Civil  War  had  been  fought, 
and  Nevada  had  become  a  State. 

The  mining  law  of  1866  established  the  principle  of  the  right  to 
put  water  to  beneficial  use  outside  its  natural  channels  without  re- 
turning it  undiminished  in  quantity,  as  required  by  riparian  law. 
It  also  established  the  priority-of-use  right,  Avhich  is  so  important 
for  irrigation.  This  law  was  primarily  written  to  settle  the  mining 
troubles  and  to  give  properties  worth  millions  of  dollars  a  legal 
status.  Much  of  the  California  mining  was  placer  mining  and  re- 
quired water  to  wash  out  the  gold.  So  the  customs  and  their  change 
to  laws  took  cai'e  of  mining  water  rights  and  included  the  use  of 
water  for  agriculture  as  well.  Waters  used  for  mining  and  agri- 
cultural purposes  were  recognized  as  under  the  jurisdiction  of  the 
State.  Later  expansions  of  the  meaning  of  the  phraseology  have 
included  stock  water  along  with  waters  used  for  mining  and  agri- 
culture. It  is  now  possible  under  the  existing  State  water  laws  for 
an  applicant  to  have  allotted  to  his  use  by  the  State  engineer  the 
water — wells,  spring,  or  seeps — found  on  public  lands,  without  the 
need  of  owning  the  land  U]")on  whicli  it  ai'ises.  It  is  also  desirable 
f(»r  the  (Mvncr  of  hind  having  such  wells  or  springs  upon  it  to  have 
the  water  officially  allotted  ;  and  it  must  be  kept  in  beneficial  use 
in  order  for  him  to  retain  th(>  allotment.  This  law  is  made  the  basis 
of  a  later  law  w^hich  is  discussed  elsewhere  (p.  35). 

-MtcfcriinK  ti)  lh(>  riiid'd  States  l;iw  dI'  ISO?  rlaiininj;  all  iiiin.Tal  I'otnul  in  tlio  cartli  for 
Hi«'  Keflural  (Jovcrnineut. 
»  Sec.  2330  R.  S. 
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In  1880  another  legal  step  was  taken  that  is  probably  more  directly 
responsible  for  the  existing  organization  and  status  of  the  livestock 
business  of  this  State  than  any  other  one  thing  which  has  happened. 
When  admitted  to  the  Union,  Nevada  received  a  grant  of  land  for 
its  public  school  system.  Like  other  western  States,  it  was  given 
sections  16  and  36  of  each  township  or  lieu  selections  for  all  such 
land  as  was  already  taken  in  these  two  sections.  In  1880  its  Repre- 
sentatives went  to  Congress  with  the  plea  that  the  State  had  been 
unable  to  dispose  of  more  than  a  few  thousand  acres  of  these  lands 
(229.000  acres  to  1880)  and  was  unable  to  get  any  income  for  the 
schools  out  of  the  lands  then  held.  It  was  proposed  that  Congress 
take  back  the  lands  remaining  unsold  (over  3,000,000  acres)  and 
give  the  State  2,000,000  acres,  which  State  officials  were  to  be  allowed 
to  select.  Congress  agreed,  and  the  exchange  was  made.  In  1885 
the  State  remodeled  the  State  land  laws  and  provided  for  the  selec- 
tion and  sale  of  these  lands. 

It  was  this  exchange  that  made  possible  the  purchase  of  large 
holdings  that  cover  all  the  hay  land,  irrigation  water,  and  most  of 
the  stock  water  found  in  the  region,  and  thus  dominate  the  use  of 
much  larger  areas  of  contiguous  and  associated  public  range  lands. 
The  State  land  laws  were  so  drawn  as  seemingly  to  prevent  such  a 
concentration  of  control,  but  the  interpretation  made  of  them  allowed 
it,  and  the  lands  were  sold. 

This  condition  has  always  been  more  characteristic  of  the  north- 
eastern corner  of  the  State  than  of  any  other  part,  probably  for 
physiographic  reasons.  It  prevails  to  some  extent  elsewhere  but 
is  now  showing  signs  of  disappearing  in  places,  even  in  Elko  County, 
where  it  is  probably  best  exemplified.  It  still  dominates  the  industry 
and  delays  the  development  of  the  State,  as  it  has  done  for  probably 
25  years. 

Easy  money  obtained  from  mining  ventures  may  have  caused 
some  of  these  large  businesses  to  develop,  but  it  is  more  likely  that 
they  simply  grew  under  the  direction  of  capable,  hard-working, 
and  ambitious  organizers.  Most  of  them  are  the  creations  of  indi- 
viduals who  later  organized  and  incorporated  into  stock  companies 
for  business  advantages.  The  land  laws  permitted  an  applicant  for 
State  lands  to  pay  20  per  cent  of  the  purchase  price  ($1.25  per 
acre)^°  or  25  cents  per  acre  down,  and  the  remainder  in  a  period 
of  years,^^  with  interest  at  6  per  cent.  Under  this  arrangement  the 
applicant  could  get  the  use  of  the  land  for  a  down  payment  of  25 
cents  per  acre  and  6  cents  per  acre  per  year  (plus  taxes)  thereafter. 

The  rate  at  which  the  lands  were  taken  is  an  indication  of  the 
generalization  in  the  preceding  paragraph.  Table  5  shows,  for 
some  of  the  larger  purchasers,  the  amounts  of  land  applied  for,  the 
period  over  which  the  applications  were  made,  and  the  dates  at  which 
the  patents  were  issued. 

^"Within  tlip  limits  of  tho  railroad  land  grant  the  price  was  $2.50  per  aero. 

"^  Tile  period  first  established  was  10  years.  It  has  been  lengthened  at  various  times 
and  now  stands  at  50  years.  The  contract  of  purchase  tnerefore  amounts  to  a  50-year 
lease  at  6%  cents  per  acre  per  year,  or  double  that  amount  on  the  $2.50  land.  In  some 
instances  fees  that  were  required  raised  the  price  considerably.  These  prices  would  be 
low  rentals  for  irrigated  or  subirrigated  lands,  but  they  are  very  high  for  the  lands  not 
supplied  with  water.  The  railroad-grant  lands  (over  3.000,000  acres)  are  to-day  rented 
at  an  average  price  of  2%  cents  per  acre  per  year  ;  they  return  only  about  half  their 
annual  cost  (taxes)  to  the  railroad. 
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Table  5. — Data   shoicing   the  periods  during   which  some  of   the  larger  land- 
ovmers  were  pwrchasing  their  State  land  holdings 


Appli- 
cants 

Year  of 
earliest 
appli- 
cation 

Year  of 
latest 
appli- 
cation 

Year  in 
which 

patents 
were 
issued 

Separate 

holdings 

purchased 

Total  area 
bought 

Number 
1 

1867 
1872 
1872 
1873 
1882 
1886 

1910 
1909 
1904 
1921 
1897 
1926 

1917-1921 

1916 
1909-1913 

1922 

1917 

1919 

Number 

53 

63 

229 

204 

123 

67 

Acres 
12,  303 
25, 330 

128,950 
39,  369 
67, 826 
23, 950 

6 

739 

297,  728 

Fifteen  or  twenty'  years  ago  the  practice  of  incorporating  these 
larger  properties  was  begun.  This  made  necessary  the  completion 
of  the  purchases  of  State  lands,  in  order  that  they  might  be  used, 
along  with  improvements,  water  rights,  livestock,  etc.,  as  the  contri- 
bution of  the  owners  to  the  capital  stock  of  the  companies  to  be  in- 
corporated. Securities  of  such  companies  were  sold  on  the  market 
for  a  number  of  these  companies,  and  the  ownership  of  many  of 
them  now  largely  rests  in  investors  entirely  out  of  contact  with  the 
business  itself  or  the  interests  of  the  State  as  a  social  unit.  The 
securities  represent  investments  that  are  good  or  bad  only  as  they 
pay  or  do  not  pay  dividends. 

The  owners  of  the  securities  of  a  number  of  these  incorporated 
companies  are  the  heirs  of  undivided  estates  who  have  taken  this 
means  of  dividing  ownership  without  dividing  the  property.  Often 
these  heirs  do  not  wish  to  be  directly  associated  with  running  a  stock 
ranch.  Few  of  them  live  on  the  property,  many  live  in  near-by 
towns,  some  of  them  have  gone  to  California.  They  have  no  interest 
in  the  property  except  as  a  means  of  earning  incomes — a  function 
several  of  the  ranches  have  failed  to  perform  for  some  time  past. 

The  burden  of  taxation  in  Nevada  falls  heaviest  upon  the  agricul- 
tural lands.  The  largest  taxpayers  are  the  railroads,  which  furnish, 
roughly,  about  40  per  cent  of  the  taxes.  Second  in  importance 
among  taxpayers  is  the  livestock  industiy,  though  the  gross  income 
from  mining  is  probably  two  to  two  and  one-half  times  that  from 
the  livestock  business;  and  the  land,  which  carries  the  heaviest  bur- 
den, belongs  mostly  to  the  large  livestock  operators.  Naturally  they 
are  now  anxious  to  be  relieved  of  such  burdens,  and  the  properties 
of  many  of  these  companies  are  for  sale.^^ 

These  owners  wish  to  sell  all  tlieir  property  as  a  unit,  not  subdivide 
and  sell  in  pieces.  Many  of  tlie  pieces  that  are  important  parts  of 
the  whole  would  have  little  vahie  if  oifered  separately;  but  possible 
buyers  of  such  large  ]iroperties  are  not  numerous,  and  the  outstand- 
ing securities  which  aic  liens  upon  (he  huids  in  man}^  cases  prevent 


•■^  Tho  report  of  tlu>  NcvjuIji  St.ato  Equ.'ilizatioii  Board  (p.  2.T)  shows  that  the  livostork 
IntiTCHls  of  tlio  Sl.'itc  i)ai(l  ahont  IS  per  cent  of  all  taxes  jiaid  in  1920.  Of  this  (olal, 
about  11  per  cent  was  assessed  upon  llieir  binds  and  7  per  cent  upon  their  livesloek  .■iimI 
other  personal  property,  not  incbnlini,'  .'niloiiiobdes.  A  little  over  4  per  eent  of  (be  total 
taxes  assessr-d  were  piiid  by  tlie  railroads  noon  tlieir  K>'aiit  lands.  The  rentals  for  such 
of  these  liinds  jis  stockmen'  leased  anioiinted  to  liiilf  of  the  taxes  paid,  lleucc  stoekuieii 
(letually  c<iii I i-ilmlcd  iipproxiniaiely  20  per  cent  of  all  taxes  paid  that  year.  About  the 
Bamo  i)roiK(rtlou  has  been  i^ikl  for  sev<>ral  years  i)ast. 
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sales  that  might  otherwise  be  made.  It  Avas  this  condition  that  led 
Dan  Casement,'^  who  was  appointed  by  the  Secretary  of  Agriculture 
to  review  grazing  fees  in  national  forests,  to  say :  ''  Contact  with 
stockmen  in  Nevada  leaves  one  with  the  impression  that  ranch  and 
range  lands  in  the  State  are  regarded  as  very  burdensome,  if  not 
actually  undesirable,  possessions." 

P^fforts  to  maintain  the  domination  of  large  businesses  and  to  keep 
up  the  morale  of  those  who  are  weakening  give  rise  to  the  generali- 
zations heard  there :  That  Nevada  does  not  need  or  want  more  people 
and  ranches;  that  what  it  needs  is  fewer  and  bigger  ranches;  that 
certain  parts  of  the  State  (which  have  been  cattle  ranches  for  half 
a  century)  could  be  much  more  profitably  and  effectively  used  as 
winter  ranges  for  sheep. 

Yet  the  one  outstanding  irritation  that  has  beset  the  cattlemen  for 
years  has  arisen  from  nomadic  sheep,  and  the  laws  that  have  been 
passed  in  attempts  to  control  the  sheep  number  more  than  all  other 
range  laws  together.  It  has  already  been  shown  that  winter  snow 
and  existing  lack  of  law  controlling  grazing  on  the  public  domain, 
when  taken  together,  give  the  sheepmen  advantages  that  have  so 
far  not  been  met  by  cattlemen. 

Laws  to  prevent  sheep  from  other  States  coming  into  Nevada  were 
repealed  because  some  Nevada  sheep  go  into  other  States  for  summer 
feed.  A  law  that  required  all  stockmen  using  Nevada  ranges  to  own 
Nevada  land  was  declared  unconstitutional,  though  it  lasted  long 
enough  for  one  speculator  to  lose  $18,000  to  $20,000  of  first  pay- 
ments on  all  the  available  State  lands.  He  expected  to  sell  such  lands 
at  much  higher  prices  to  Utah  and  other  extra-Nevada  sheepmen 
who  wished  to  graze  Nevada  lands  in  the  winter.  The  land 
ultimately  reverted  to  the  State  and  was  resold. 

The  national  forests  of  Nevada  were  established  at  the  request  of 
resident  stockmen,  who  keenly  felt  the  need  for  a  means  of  keeping 
nomadic  sheep  off  summer  ranges.  Some  of  the  stoclanen  who  now 
can  not  qualify  for  permits  in  national  forests  are  .rging  changes  in 
the  administration  of  those  areas  for  any  reason  that  seems  plausi- 
ble, in  the  hope  that  under  a  new  arrangement  they  might  get  some- 
thing better  than  what  they  have  now. 

The  latest  legislative  attempt  to  control  the  nomadic  sheepman 
is  what  is  known  as  the  3-mile  limit  law,  which  restricts  the  use  of 
allotted  water  and  associated  forage  as  a  regulatory  act  under  the 
police  power  of  the  State  government  (p.  40). 

In  the  evolution  of  the  range  industry  of  Nevada  certain  fixed 
opinions  have  developed  among  stockmen  that  have  become  the 
accepted,  almost  authoritative,  rules  governing  the  operator.  ^Vlien 
men  began  to  use  the  grazing  lands  in  the  Humboldt  River  Valley 
they  raised  cattle.  In  that  region  it  is  necessary  to  feed  cattle  one 
or  two  months  in  the  winter.  The  only  feed  available  was  native- 
grass  hay,  but  there  were  many  thousands  of  acres  of  flooded  valley 
lands  covered  with  giant  ryegrass  ready  to  be  made  into  hay.  Con- 
trol of  the  winter  feed  meant  control  of  the  range,  and  for  years 
cattlemen  have  determined  the  number  of  stock  their  ranges  would 
carry  by  the  number  of  tons  of  hay  they  could  cut  for  winter  feed. 

^"  Casement.  D.  [the  rachford  report.]  Letter  from  Dan  Casement  to  W.  M 
Jardine,  Secretary  of  Agriculture.     21  p.     1926.      [Mimeogi-aphod.] 
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It  was  this  set  of  conditions  and  the  reasoning  that  grew  out  of  it 
that  brought  about  the  exchange  of  school  lands  and  the  concen- 
trated ownership  of  hay  lands. 

Tlie  subirrigated  lands  produced  excellent  spring  pastures,  origi- 
nally in  native  grasses,  but  later,  to  some  extent,  seeded  with  the 
common  cultivated  pasture  grasses.  Such  pastures,  associated  with 
hay  and  outside  range,  made  possible  the  grass  finishing  of  3  and 
4  year  old  steers  that  found  a  profitable  market  in  California, 
where  such  beef  animals  could  undersell  a  better  but  more  expensive 
product  originating  east  of  the  Rocky  Mountains. 

Operators  who  were  fortunate  enough  to  be  fully  equipped  for 
this  type  of  beef -cattle  raising  were  prosperous,  and  their  methods 
were  assumed  to  be  those  that  should  be  applied  by  all  cattle  raisers 
in  the  State.  This  type  of  beef  production  still  is  profitable  for  the 
man  with  the  properly  organized  ranch  business,  but  other  systems 
of  cattle  raising  are  probably  better  suited  to  present  conditions 
on  many  ranches.  Yet  many  cattlemen  are  strongly  convinced  of 
the  superiority  of  the  established  system. 

Raising  sheep  began  very  shortly  after  cattle  production  began. 
The  sheep  have  always  been  handled  in  bands  and  have  always  com- 
peted more  or  less  with  the  cattle  for  range  forage.  Under  such 
competitive  conditions  on  an  open,  free  range,  sheep  have  some 
advantages  over  cattle,  and  this  is  especially  true  where  snow  is 
associated  with  browse  feed  in  the  winter.  The  desert  ranges,  as 
they  were  called,  were  an  invitation  to  sheep  from  other  States,  and 
they  encroached  more  and  more  upon  the  cattle  range.  The  first 
important  effects  of  extra-Nevada  sheep  were  felt  in  the  summer 
ranges  of  the  mountains,  and  accordingly  the  national  forests  were 
established.  Since  then  their  crowding  on  the  winter  ranges  has 
been  increasingly  serious. 

The  coming  of  the  national  forests  and  the  development  of  a  more 
complete  utilization  of  the  available  irrigation  water,  which  was 
accomplished  by  small  operators  wIk)  do  most  of  tlieir  own  work 
and  live  on  and  farm  their  irrigated  lands,  changed  the  relationship 
of  tlie  different  sources  of  feed  in  a  large  part  of  the  State.  These 
small  operators  developed  water  and  were  given  permits  in  the 
adjacent  forests.  The  hay  they  raised,  mainly  alfalfa,  gave  larger 
yields  than  the  grass  hay,  and  their  use  of  their  irrigation  waters 
was  more  economical  and  effective. 

Nowadays  the  inchistry  finds  its  expansion  limited  not  by  winter 
feed  but  by  summer  feed.  The  steady  reductioTi  in  i-aiige  feed  on 
the  public  domain  is  also  becoming  important,  though  many  of  the 
stockmen  will  not  acknowledge  it.  Many  thousands  of  acres  that 
wei-e  formerly  grass  patches  in  the  sagebrush  area  are  now  covered 
with  sagebrush  itself  and  with  more  or  less  useless  annuals,  and  the 
winter-fat  and  little-sage  areas  are  badly  grazed  down.  Most  of 
the  scattered  bunch  grasses  are  grazed  so  closely  that  they  are  not 
producing  seeds.  Several  valuable  native  s])ecies  of  Poa,  relatives 
of  Knitucky  bluegrass.  and  some  of  th(>  best  feed  grasses  formerly 
repoited  i'l-om  these  ranges  were  absent  in  1027,  when  the  wi-iter 
was  looking  for  them.  But  all  the  earlier  publications  dealing  with 
Nevada  range  forage  plants  tell  about  them  and  name  the  species. 

In  summarizing  these  tendencies  it  may  b<^  said  that  the  develop- 
ment of  the  water-utilization  laws  was  beneficial;  that  the  exchange 
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of  the  school  Lands  and  their  sale  in  large  bodies  made  for  the  rapid 
development  of  a  thinl}^  p()j)ulated  area  up  to  the  limit  of  that  sys- 
tem of  organization;  that  the  control  of  the  national  forests  came 
in  time  to  save  most  of  the  best  snnnner  feed  and  has  since  brought 
about  its  recovery,  at  least  to  a  degree;  that  the  opportunities  and 
encouragement  afforded  snudi  stockmen  have  brought  about  the 
develoi)ment  and  better  use  of  nnich  of  the  natural  water ;  and  that, 
along  with  other  factors,  this  development  has  exerted  some  pres- 
sure tending  to  bring  about  the  subdivision  of  the  larger  ranches. 

The  crowding  and  overgrazing  of  ranges  by  nomadic  sheep  have 
done  no  one  except  the  nomad  any  good  and  have  done  the  ranges 
oiitside  of  protected  areas  enormous  harm.  These  nomadic  sheep 
are  in  a  fair  way  to  displace  some  of  the  year-long  cattle  ranchers 
who  are  and  wish  to  continue  to  be  permanent  residents. 

Nevada  needs  two  things :  ( 1 )  Better  use  of  some  of  its  irrigated 
lands  in  smaller  parcels  and  by  a  larger  number  of  people  and  (2) 
fenced  stock  ranches  used  by  individuals  or  small  groups  who  will 
develop  the  stock  waters  and  protect  and  improve  the  range  forage. 
Such  improvements  can  be  made  and  would  benefit  the  State  as  a 
.  whole. 

THE  LEGAL  STATUS  OF  THE  PUBLIC  DOMAIN 

All  of  the  data  presented  have  demonstrated  the  limitations  placed 
upon  the  economic  advancement  of  Nevada  by  the  lack  of  legislation 
to  make  possible  the  better  utilization  of  the  public  domain. 

All  of  Nevada,  along  with  much  more  of  the  land  area  of  the 
Union,  was  originally  the  property  of  the  Nation,  to  be  disposed  of 
by  Congress  as  it  saw  fit.  The  various  States  carved  out  of  this 
Federal  property  and  admitted  to  the  Union  by  Congress  agree, 
in  their  constitutions,  that  the  lands  of  the  State  should  be  brought 
under  the  complete  jurisdiction  of  the  State  government  only  after 
they  had  ceased  to  be  the  property  of  the  Federal  Government. 

The  enabling  act  of  Nevada  contained  the  following  agreements, 
which  are  written  into  the  State  constitution.  The  people  of  Nevada 
agreed  that — 

(1)  They  will  forever  disclaim  all  right  and  title  to  the  unappropriated 
public  lands  lying  within  said  territory ; 

(2)  That  the  same  shall  be  and  remain  at  the  sole  and  entire  disposal  of  the 
United  States ;  and  that 

(3)  No  taxes  shall  be  imposed  by  said  State  on  lands  or  property  therein, 
belonging  to,  or  which  may  hereafter  be  purchased  by  the  United  States. 

From  this  it  appears  that  political  jui'isdiction  and  exclusive  power 
over  these  lands  was  not  retained  by  the  United  States.  What  was 
retained  were  ordinary  property  rights,  with  power  of  disposal,  and 
freedom  from  taxation.  In  respect  to  these  lands,  the  Federal  Gov- 
ernment is  in  the  status  of  a  private  owner,  wdth  special  privilege 
as  to  taxation,  until  Congress  so  acts  as  to  establish  some  other 
status. 

The  admission  of  the  State  of  Nevada  into  the  Union  made  it 
amenable  to  the  Federal  Constitution;  hence,  powers  granted  by 
that  document  to  the  Federal  Government  automatically  ap])lied  to 
Nevada.  Under  the  Federal  Constitution,  Congress  is  authorized  to 
dispose  of  the  public  lands. 
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This  limited  jurisdiction  of  the  Federal  Government  over  public 
lands  automatically  leaves  to  the  State  all  other  powers,  except  as 
it  is  limited  by  the  State  and  Federal  Constitutions  and  the  acts  of 
Congress. 

Congress  has  all  along  had  the  authority  to  act  in  the  disposal 
of  public  lands.  It  has  acted  with  respect  to  (1)  national  forests, 
(2)  national  parks  and  monuments,  (3)  mineral  deposits  of  certain 
kinds  and  the  disposal  of  them,  (4)  Indian  lands,  and  (5)  various 
other  lands.  But  it  has  never  acted  in  respect  to  use  of  the  public 
domain  except  indirectly.'*  Certain  rulings  of  the  Secretary  of 
the  Interior  have  been  supported,  and  in  1885  Congress  passed  a  law 
prohibiting  the  inclosure  of  lands  of  the  public  domain  with  a  fence. 
Grazing  of  livestock  upon  the  public  domain  has  alwa^'S  been  allowed 
and  declared  by  the  courts  not  to  be  trespass.^" 

Thus  arises  the  existing  condition  of  the  public  domain.  It  is  an 
open  "  commons  "  upon  which  the  livestock  of  any  citizen  may  graze 
without  charge.  No  one  has  legal  authority  to  appropriate  a  "pai't  of 
it  exchisively  to  individual  use,  to  inclose  any  part  of  it  with  a  fence, 
or  directly  to  prevent  anyone  from  using  it. 

Since  many  of  the  plants  growing  naturally  upon  most  of  this 
public  domain  have  some  forage  value,  and  such  forage  is  free  for 
the  taking  to  him  who  can  get  it,  there  has  been  more  or  less  com- 
l)etition  for  it  since  white  men  have  occupied  the  region.^^  This 
''  first  come,  first  served  "  principle,  when  applied  to  free  feed,  usually 
results  in  friction  or  something  worse,  and  then  the  police  power 
of  the  State  is  invoked  to  maintain  the  peace.  The  State  has  always 
been  sustained  by  the  United  States  Supreme  Court  in  the  exercise 
of  this  power  so  long  as  there  is  no  violation  of  the  Federal  Consti- 
tution. An  act  once  passed  by  either  State  or  Federal  Government 
becomes  the  law  until  repealed;  and  any  property  rights  obtained 
under  it,  while  it  is  in  force,  will  be  defended  by  the  courts,  whatever 
action  may  be  taken  later. 

Early  in  the  development  of  the  new  country  the  constant  dis- 
sension between  stockmen  and  other  settlers  or  "between  owners  of 
one  kind  of  livestock  and  owners  of  another  kind  resulted  in  what 
passed  for  legislative  action.  In  California  in  1857  a  law  was  passed 
making  the  herding  of  sheep  on  "  land  or  the  possessory  claim  *' 
of  another  than  the  owner  a  trespass  and  finable  in  two*  counties. 
This  was  later  extended  to  more  counties  and  fiiuillv  to  the  State. 
Idaho  passed  a  "2-mile  limit"  law  ■'''  which  was  sustained  by  tlio 
State  courts 3«  and  finally  by  the  United  States  Supreme  Court  in 
19()G.''»  This  law  prohibits  any  person  owning  oi-  haviuL^  charije  of 
sheep  to  herdthe  same,  or  permit  them  (o  be  herded,  on  the  land  or 
possessory  claims  of  other  persons  or  to  herd  the  same  or  permit  them 

»J  This  statement  refers  to  tlio  maiiiisrement  of  these  l.inds  while  slill  the  propertv  of  tlie 
I'ederai  (.oveniiiient.  Ver>'  (leiiiiile  Imws  rc^ziilatiiiK  I  he  tiaiisfer  of  tith'  to  tliese  lamW 
linve  heeii  on  the  statute  hooks  since  tile  Nation  was  estahlished 

*  I'.iiford   r.  Iloutz,   l.''..'{  U.   S.   .■{20 


in->  in.li  I  V      iiy      1  |||> 

without  <inestioii. 

"  Sec.    lUlo.    1211    R.    S. 

""Wiilker  i-t   al.    r.   Maeon.   Rl    I'ne.   Ifir,. 

"  Hacoii    r.   Walker,  L'(M    T'.   S    311 
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to  graze  within  2  miles  of  the  dwelling  house  of  the  owner  or  owners 
of  such  possessory  claim. 

In  1925,  Nevada  passed  its  ''  8-mile  limit "  law,  which  has  already 
been  mentioned;  some  of  the  consequences  are  considered  at  some 
length  in  the  next  section  (p.  40).  The  law  has  been  declared  con- 
stitutional by  the  State  Supreme  Court,  but  has  never  been  before  the 
United  States  Supreme  Court.^'^ 

As  will  be  seen,  the  effect  of  these  laws  is  to  restrain  certain  in- 
dividuals from  the  use  of  the  public  domain  in  specified  areas — 
a  power  delegated  to  Congress  only,  but  allowed  by  the  courts  be- 
cause Congress  has  not  acted  and  the  peace  must  be  maintained  even 
at  the  expense  of  ''  even-handed  justice  "  or  ''  ideal  fairness." 

One  further  step  in  this  process  of  getting  individual  control  of 
the  public  domain  for  grazing  purposes  was  taken  in  1929  by  the 
State  of  Colorado.  The  State  legislature  passed  a  law  which  as- 
sumes that  the  custom  of  grazing  livestock  on  the  public  domain 
is  an  established  custom  carrying  with  it  possessory  rights  that  have 
the  status  of  private  property,  and  that  these  possessory  rights  are 
therefore  subject  to  the  laws  and  court  decisions  of  Colorado  that 
relate  to  them.  Then,  acting  under  its  police  power  and  to  prevent 
confiicts  between  individuals,  the  legislature  declared  that — 

the  question  as  to  the  kind  of  livestock,  whetlier  cattle  or  slieep,  tliat  shall 
have  the  preferred  or  better  right  to  graze  upon  any  particular  portion  of  the 
public  domain  within  this  State  shall,  from  and  after  the  passage  of  this  act, 
be  determined  according  to  the  use  made  thereof  during  the  last  grazing  season 
prior  to  the  passage  of  this  act,  whether  such  use  was  as  a  cattle  or  sheep 
range  and  whether  the  same  was  used  as  a  spring,  summer,  fall,  winter,  or 
otlier  kind  of  range.^^ 

This  law  places  the  responsibility  of  determining  the  nature  of 
the  range  use  for  any  area  upon  the  district  court  when  a  case  is 
brought  before  it  and  sets  forth  certain  methods  of  procedure  and 
principles  of  action  for  the  guidance  of  the  court.  It  also  commits 
the  State  government  to  a  policy  of  conservation  of  the  forage  re- 
sources of  the  public  donuiin  and  the  prevention  of  overstocking 
and  erosion.  It  authorizes  the  court  to  determine  the  number  of 
animals  that  a  range  may  carry.  This  law  has  been  declared  to  be 
constitutional  by  the  State  supreme  court. 

Two  other  acts  of  Congress  bear  on  this  subject.  At  the  request 
of  the  people  living  in  a  few  contiguous  townships  in  Montana,  the 
Secretary  of  the  Interior  was  given  authority  to  lease  the  public 
domain  within  those  townships.  Congress  has  authorized  the  with- 
drawal of  many  thousands  of  acres  of  public  domain  from  entry, 
in  the  Owens  Lake  region  of  California,  to  protect  the  water  supply 
of  Los  Angeles.  But  grazing  is  permitted  upon  these  lands  under 
rules  and  regulations  of  the  Secretary  of  the  Interior. 

Thus,  various  indirect  legal  methods  have  been  used  to  get  indi- 
vidual control  of  the  range  lands  of  the  public  domain.  The  fenc- 
ing law  passed  in  1885  was  intended  primarily  to  prevent  stockmen 
from  establishing  possessory  rights  to  large  areas  of  public  domain 
under  State   laws  that    recognize  such   rights   as   may   arise   from 


*"  Until  the  U.  S.  Supreme  Court  is  called  upon  to  decide  the  constitutionality  of  this 
law  or  unless  Congress  shall  take  adverse  action,  the  State  law  will  continue  in  force. 
Previous  action  of  the  U.  S.  Supreme  Court  has  established  precedents  which  appear 
favorable  to  a  confirmation  of  the  constitutionality  of  this  law. 

«  Colo.  Sess.  Laws,  1929,  p.  443. 
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undisturbed  possession  and  use  of  property  for  a  period  of  years. 
Before  that  law  was  passed  hundreds  of  thousands  of  acres  of  the 
public  domain  in  the  Great  Plains  had  been  fenced  and  homesteaders 
luid  been  (h'iven  off. 

While  these  events  were  takin«;  place  the  desired  end  was  being 
approached  from  an  entirely  different  angle — that  is,  through  the 
control  of  the  very  limited  supply  of  water.  It  has  been  shown 
how  Xevada  stockmen  used  the  control  of  irrigable  land  and  irriga- 
tion water  to  control  winter  feed,  which  was  the  key  to  the  control 
of  the  large  acres  of  the  arid  grazing  land  that  constitute  the  public 
domain  in  that  State.  The  way  this  method  was  worked  out  and 
applied  has  been  discussed  (p.  33),  and  the  limits  of  its  effective- 
ness in  Xevada  have  been  stated.  The  net  result  has  been  to  build 
up  the  water  laws  of  the  State  as  they  exist  to-day. 

The  feature  of  these  laws  that  needs  discussion  here  is  the  exten- 
sion of  the  idea  of  the  ownership  of  the  waters  of  the  State  to  the 
stock  water,  and  the  law  authorizing  the  State  engineer  to  allot  all 
such  water  whether  on  private  lands  or  public  domain.  Acting  under 
the  provisions  of  this  hnv,  the  engineer  has  allotted  many  such 
sources  of  stock- water  supply  over  the  State.     (Fig.  4.) 

In  April,  1925,  the  State  legislature  passed  a  law  which  prohibits 
any  person  from  watering 

oil  two  or  more  separate  days,  during  any  season,  more  than  .50  head  of  live- 
stdck  at  the  wiiterinu'  pljici'  at  whicli  anotlier  shall  have  a  subsisting:  ri^'ht  to 
water  moi-e  tlian  .50  head  of  livestock,  or  within  3  miles  of  such  phiee.  with 
intent  to  j^raze  the  livestock  so  watered  on  tlie  portion  of  tlie  public  rancce 
readily  accessible  to  livestock  watering  at  the  watering  place  of  such  other 


person.'" 


Tliis  law  also  forbids  the  issuance  of  water  allotments  to  waters 
from  the  same  or  different  sources,  the  use  of  which  will  impair  the 
use  of  the  surrounding  })ublic  range  if  that  is  already  full}'^  occupied 
by  livestock  w^atering  at  places  already  allotted.  This  law  has  been 
declared  constitutional  by  the  State  supreme  court,'*^  but  has  not  yet 
been  before  the  Ignited  States  Supreme  Court.  • 

Just  what  effects  this  law  will  have  is  not  yet  evident.  It  patently 
attempts  to  restrict  the  use  of  the  |)ublic  grazing  lands  to  the  stock 
belonging  to  men  having  ''  a  subsisting  Avater  right,''  which  will  cover 
"jther  vested  rights  or  allotments  more  recently  made.  It  will  give 
incentive  to  present  owners  of  watering  places  to  develop  more  and 
tlius  bring  about  the  long-delayed  develoj^jment  of  the  underground 
sources  of  water  in  the  State.  It  remains  to  be  seen  wlicther  or  not, 
in  the  meaning  of  this  law  (1)  snow  lying  on  the  ground  is  to  be 
considered  a  "  watering  })lace  "  or  (2)  allowing  sheep  to  eat  snow  is 
a  metliod  of  "wateiMUg''  them.  If  a  coui't  of  c(>m|)etent  jurisdiction 
decides  these  questions  in  the  negative,  nomadic  sheep  that  use  snow 
only  may  graze  anywhere  on  the  j)ublic  domain  (hat  snow  and  feed 
are  found  together. 

THE  RECORDED  RANGE  CLAIMS 

These  two  limitations  upon  tlie  use  of  range  foi'age  and  stock 
waters  have  ])ro(hice(l  another  I'esuit  that  was  not  anticipated.      I'his 

«Nov.  Stat.  101!.^.  p.  .•M.S. 
"  hi    ic  Ciilvd.  •jr,:',  1'a.f.  ti71. 
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is  in  consequence  of  the  action  of  the  State  engineer,  whose  business 
it  is  to  make  water  allotments.  The  new  law  places  considerable 
responsibility  upon  him,  since  it  prohibits  the  allotment  of  stock 
Avaters  on  ranges  where  operators  having  subsisting  water  rights  run 
live  stock  on  the  surrounding  range  "  in  sufficient  number's  to  utilize 
substantially  all  that  portion  of  the  public  range  readily  available  to 
livestock  watering  at  that  place  " — that  is,  the  allotted  waters.  This 
makes  it  necessarj^  for  the  State  engineer  to  have  accurate  knowledge 
of  the  ranges  used  by  the  men  having  the  water  rights.  He  has  a 
record  of  all  water  allotments  made  and  of  some  of  the  vested  water 
rights,  but  at  the  time  the  law  was  passed  he  did  not  know  the  limits 
of  the  ranges  as  claimed  by  stockmen. 

The  engineer  made  this  clear  to  the  stockmen  and  told  them  that 
if  they  would  furnish  him  with  maps  showing  the  extent  of  their 
range  claims  he  would  keep  the  information  on  maps  filed  in  his 
office.  He  promised  the  stockmen  that  whenever  an  application  was 
made  for  an  allotment  of  water  he  would  notify  the  man  whose  busi- 
ness might  be  aifected  by  such  an  allotment,  so  that  such  an  operator 
might  enter  a  protest  against  the  granting  of  the  application.  The 
action  taken  would  then  rest  on  the  evidence  as  to  whether  the  range 
was  already  "  substantially  utilized." 

The  result  was  the  preparation  of  maps  which  are  on  file  in  the 
engineer's  office  at  the  State  capitol.  Through  his  courtesy  and  the 
assistance  of  one  of  the  district  extension  agents  ^*  of  the  State  agri- 
cultural extension  service,  a  large-scale  copy  of  a  State  map  on 
which  these  individual  range  claims  had  been  assembled  was  made 
available  to  the  writer. 

On  this  map  as  a  base  the  owned  and  leased  lands  controlled  by 
the  claimants  were  entered  and  the  claims  numbered  so  that  they 
could  be  identified.  This  "  range-claims  "  map  is  in  the  pocket  at  the 
back  of  the  bulletin.  (Pocket  map  No.  2.)  It  presents  a  picture  of 
the  actual  conditions  that  result  from  lack  of  some  system  of  control 
in  an  open-range  country.*^ 

No  sufficient  description  of  the  resulting  situation  can  be  put  into 
Avords,  though  several  facts  may  be  noted.  The  first  impression  made 
by  the  map  is  the  amazing  jumble  of  overlapping  claims  of  all  sizes 
and  sha])es.  When  it  is  remembered  that  this  map  records  the  claims 
from  not  over  20  per  cent  of  the  stockmen  in  the  State,  the  complexity 
of  the  situation  is  appreciated. 

The  claims  vary  in  size  from  the  small  claim  of  a  half  to  a  whole 
township  with  an  associated  area  of  compact,  consistently  located, 
legally  controlled  land,  inside  the  claim,  to  the  enormous  claims  of 
certain  companies  that  have  nothing  but  some  stock-water  allotments, 
and  an  occasional  40-acre  piece  of  land.  Some  of  the  claims  reg- 
istered have  no  associated  owned  land  but  merely  certain  "possessory- 
rights,"  as  stated  by  the  county  assessor. 

There  is  a  principle  of  action  that  arises  out  of  our  method  of 
making  laws  under  the  common-law  principle—namely,  that  so  long 
as  there  is  no  law  prohibiting  it,  one  may  do  anything  that  is  to  his 
own  advantage.     If  some  practice  or  method  of  action  not  formally 

<*C.  R.  Townsend. 

^  To  includp  the  areas  used  by  these  claimants  in  national  forests  was  found  imprac- 
ticable because  of  the  extreme  complexity  of  the  map. 
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controlled  by  law  but  resulting  in  good  to  those  using  it  becomes  an 
established  custom  and  rights  are  developed  thereby,  these  rights 
have  the  status  of  possessory  rights,  and  the  courts  will  defend  them. 
So  long  as  the  individuals  who  might  be  competitors  in  the  field  get 
along  together  without  dissension  and  do  not  arouse  the  public,  the 
practices  may  continue.  Once  the  matter  is  aired  and  laws  are  made, 
the  practice  must  follow  the  law,  but  the  possessory  rights  usually 
get  some  legal  recognition. 

This  general  principle  of  action  has  long  been  well  understood  by 
the  stockmen  in  Nevada  and  has  been  in  practice  for  many  years  (1). 
These  stockmen  have  become  so  thoroughly  habituated  to  using  in- 
definitely defined  large  areas  of  pasture  land  to  which  they  have  and 
can  get  no  statutory  rights  that  they  are  watching  for  opportunities 
to  establish  possessory  rights,  especially  if  they  cost  nothing,  in  the 
expectation  that  when  statutory  rights  are  established,  equities  in  the 
form  of  possessory  rights,  adherence  to  custom,  priority  of  utiliza- 
tion, etc.,  will  receive  due  consideration  in  the  new  adjustment. 

Their  position  is  well  taken,  since  it  gives  present  advantage  and 
profit,  and  the  habit  of  the  courts  is  officially  to  recognize  all  such 
property  rights  in  so  far  as  they  can.  This  is  particularly  true  when 
the  law-making  power  that  has  authority  to  consider  the  subject  and 
establish  statutory  principles  does  not  exercise  its  function. 

That  men  of  business  acumen  and  common  sense  have  taken  ad- 
vantage of  such  a  situation  is  plainly  evident  from  the  map.  Some 
of  the  claims  are  conservative  and  clearly  represent  an  effort  to  put 
on  tlie  map  no  more  than  the  area  that  the  operator  can  prove  he  has 
"  substantially  utilized  "  for  years.  Others  are  as  patently  an  effort 
to  develop  a  claim  to  as  large  an  area  as  possible.  Ranges  recorded 
a  second  time  by  the  same  parties  and  considerably  enlarged  illus- 
trate this  expansive  tendency. 

The  following  are  some  brief  generalizations  concerning  these 
claims  that  have  been  worked  out  from  the  data  available.  They 
point  out  tlie  high  lights  of  the  jiicture. 

The  law  Avas  passed  in  1925.  The  State  supreme  court  declared 
it  constitutional  in  February,  1927.  By  October  of  1929,  199  claims 
had  been  recorded. 

Counting  out  duplications  and  claimants  having  no  owned  oi- 
leased  land  that  could  be  found.  164  claimants  are  represented. 

Of  these,  149  are  the  same  parties  enumerated  as  ''  range  stock- 
men "  in  the  tables  showing  tenure  and  use  of  lands.  (P.  24  and 
Table  4.) 

Tlie  gross  area  (estimated)  of  all  the  so])ara<('  claims  is  about 
65,056,000  acres. 

The  area  of  duplications  and  overlaps  is  aiipi-oximately  20,338,000 
acres. 

The  net  ai-ea  covered  by  all  reported  claims,  eliminating  dnpli- 
cations,  is  approximately  44,718,000  acivs,  or  63  per  cent  of  the  total 
area  of  the  State. 

The  area  owned  or  leased  by  these  clainiants  is  ap])roximately 
2,791.000  acres,  or  about  6  per  cent  of  the  net  area  claimed. 

Of  the  149  range  stockmen  mentioned,  91  raise  cattle  only,  28  laise 
sheep,  and  30  produce  both  cattle  and  sheep. 
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Of  these  91  cattle  raisers,  40  had  permits  to  run  15,013  cattle  and 
a  few  sheep  on  the  forests  in  1926.*^ 

Of  the  28  sheep  raisers,  8  had  permits  to  run  72,297  sheep  in  the 
forests  in  1926/" 

Of  the  30  producers  of  both  cattle  and  sheep,  13  held  permits  to 
run  10,725  head  of  cattle  and  12  held  permits  to  run  111,602  sheep  in 
the  national  forests  in  1926.'*^ 

Table  6  gives  the  details  of  these  relationships  and  should  be  com- 
pared with  Table  4  which  shows  land  tenure  and  use  for  the  whole 
State  (p.  30). 

Tlie  landholdings  and  permits  of  the  few  claimants  found  in  any 
of  the  use  classes  other  than  range  stockmen  are  shown  in  Table  6. 
These  probably  also  show  some  of  the  inaccuracies  in  the  data  which 
were  not  eliminated  by  the  methods  used. 

Table  6. — Summary  of  data  concerning  recorded  range  claims,  Nevada,  1929 

[For  geographic  distribution  of  claims  see  pocket  map  No.  2] 
STOCK  RANCHERS— ALL  KINDS 


Type  of  use 


Producers  of— 

Cattle 

Sheep 

Sheep  and  cattle- 


Total ;.- 

Percentage  of  grand  total... 


Nature  of  control  upon  which  claims  rest 


Land  owners 


Claim- 
ants " 


Number 
91 
28 
30 


149 
90, 


Claims 


Number 

102 

31 

34 


167 


Area 
owned  *■ 


Acres 
375,  568 
157, 470 
672, 960 


1, 205. 998 
99.4 


Land  lessees 


Les- 
sees' 


Num- 
ber 
11 
5 
5 


21 
100 


Sepa- 
rate 
leases 


Num- 
ber 
20 
14 
36 


70 


Area 
leased  >> 


Acres 
181,410 
482.  610 
1,014,120 


1, 578, 140 
100 


Holders  of  permits  in 
national   forests   for — 


Cattle 


Per- 
mit- 
tees'* 


Num 
ber 
40 


13 


53 
96.4 


Ani- 
mals 
per- 
mitted 


Ntim- 

ber 

15, 013 


10,  725 


25,  738 
99.6 


Sheep 


Per- 
mit- 
tees <* 


Num- 
ber 
2 
8 
12 


22 
100 


Ani- 
mals 
per 
mitted 


Num- 
ber 
720 
72,  297 
111,602 


184, 619 
100 


FARMERS— ALL  KINDS 

Farms  with  range  stock 

9 

9 

4,397 

2 

100 

Percentage  of  grand  total.. - 

6.5 

0.4 

3.6 

0.4 

MISCELLANEOUS— ALL  KINDS 


All  kinds 

6 

7 

2,160 

Percentage  of  grand  total... 

3.7 

0.2 

Grand  total 

164 

183 

1, 212,  555 

21 

70 

1,  578, 140 

55    25.838 

22 

184,619 

"Number  of  individuals  or  firms  owning  land,  as  shown  in  Table  4,  who  have  recorded  range  claims. 
!>  Estimated  acreage  of  owned  or  leased  land,  calculated  on  the  assumption  that  each  surveyed  section 
contains  640  acres.    Such  figures  are  usually  about  1  per  cent  over  assessed  acreage. 
«  Number  of  same  individuals  or  firms  who  leased  railroad  lands. 
<>  Number  of  same  individuals  or  firms  who  held  grazing  permits  in  the  national  forests. 

<8  There  are  usually  only  a  few  changes  in  the  forpsts  each  year. 

*'  Some  of  the  men  holding  permits  for  cattle  also  obtained  sheep  permits. 
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SUMMARY  AND  CONCLUSIONS 

This  study  was  undertaken  to  ascertain  the  conditions  peculiar 
to  different  parts  of  Nevada  and  to  the  State  as  a  whole  that  would 
have  to  be  taken  into  account  in  any  attempted  solution  of  the  range 
j)roblein.  Nevada  was  chosen  because  it  has  more  public  domain 
and  a  greater  proportion  of  its  area  in  public  domain  than  any  other 
State  and  because  it  is  more  dependent  economically  on  the  public 
domain  than  is  any  other  State. 

At  various  times  a  number  of  methods  of  disposing  of  the  public 
domain  have  been  proposed.  Four  of  these  that  have  received  seri- 
ous consideration  are  listed  here  without  reviewing  their  advan- 
tages and  disadvantages.  They  are  (1)  selling  the  land  at  a  rea- 
sonable price,  (2)  giving  the  land  to  the  State  in  which  it  is  located 
and  allowing  the  State  goverimient  to  dispose  of  it,  (3)  leasing  the 
land  at  a  reasonable  price,  and  (4)  establishing  a  system  of  Federal 
control  over  these  lands  modeled  upon  the  plan  of  the  permit  system 
now  in  use  in  the  national  forests.  These  proposals  have  always 
contained  limitations  and  various  safeguards.  Sometimes  the  limi- 
tations are  stated  definitely,  and  at  other  times  the  clutj'^  of  proper 
administration  is  assigned  to  a  responsible  authority.  Each  pro- 
posal has  been  made  to  cover  the  whole  of  the  public  domain. 

One  general  conclusion  is  reasonably  certain.  In  the  regions 
where  competitive  grazing  on  public  lands  prevails  with  little  re- 
straint, any  one  of  the  various  methods  that  have  been  proposed  for 
the  disposal  of  the  public  domain  would  be  more  satisfactory  than 
our  present  habit  of  letting  tilings  drift.  Each  plan  would  have 
advantages  in  certain  regions  and  disadvantages  in  others. 

Studies  made  in  several  of  the  States  indicate  that  there  is  no 
single  simple  policy  that  can  be  applied  satisfactorily  to  the  remain- 
ing public  domain,  since  under  any  set  of  assumptions  as  to  the  ulti- 
mately desirable,  that  action  which  will  be  acceptable  in  one  State 
may  not  be  acceptable  (and  usually  is  not)  in  others.  Each  State 
has  developed  a  set  of  hnvs  and  customs  that  differ  more  or  less  from 
those  of  other  States.  Stockmen  have  accjuii'ed  various  degrees  of 
control  over  the  use  of  the  public  domain,  and  this  use  is  correlated 
in  niimoi'oiis  Avays  not  only  witli  that  of  their  own  and  other  private 
lands,  but  with  State  lands,  Indian  lands,  and  national  forests.  Each 
geographic  region  imposes  different  physical  limitations  upon  the 
business  of  range  stock  raising. 

Nevada  is  a  rather  striking  exam])le  of  these  vai'ied  regional 
conditions.  Nortlicastern  Nevada  has  one  set  of  conditions  and  an 
established  organization  now  in  operation,  characterized  nuiinly  by 
laigc  hohlings  of  irrigable  land  and  the  ownership  of  the  associated 
irrigation  water  rights.  Many  of  these  operators  are  incorjiorated 
firms  with  .securities  in  the  hands  of  scattered  nonresident  owners 
wlio  have  no  close  personal  interest  in  the  region  and  its  develo]muMit. 
'I'he  use  of  the  res()iirc(>s  held  by  these  stockmon  is  so  important  to 
the  State  as  a  whole  that  the  (|uestion  of  liow  best  to  utilize  the 
region  becomes  a  se|)arate  p?-ol)l(Mn  for  sohition.  In  east  and  soutli- 
central  Nevada  another  set  of  conditions  is  found.  Here  the  amount 
<tf  ii-i-igabh'  land  and  ii-rigation  water  is  so  limitcil  that  its  i)i-o]>er 
utilization  does  not  constitute  a  separate  pi-obh-iu.  In  the  north- 
western part  of  the  State  the  use  is  more  nearly  like  that  in  the 
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east  and  south-central  j)arts,  but  this  condition  has  developed 
recently,  and  further  adjustments  are  to  be  expected.  In  the  south- 
western part  of  the  State  the  use  of  the  land  is  so  dependent  upon 
the  feed  and  the  scanty  supply  of  water  that  pernument  occupation 
by  stock  of  anything  but  snudl,  scattered  areas  is  not  to  be  expected. 
The  extreme  southern  part  of  the  State,  below  37°  latitude,  has  very 
little  permanent  stock  water  and  almost  no  snow,  with  very  scanty 
feed,  and  only  a  few  stock.  Sheep  rarely  go  there,  and  cattle  can 
stay  the  year  through  in  only  a  few  places. 

The  study  of  the  physical  conditions,  the  tenure  and  use  of  the  land 
and  water,  the  historical  and  legal  factoi-s,  and  the  claims  made 
by  stockmen  indicate  certain  generalizations  that  are  considered  basic 
to  any  conclusions  that  may  be  reached.     They  are : 

Most  of  the  tillable  land  of  the  State  and  the  associated  irrigation  waters 
belong  to  stockmen  and  are  employed  mainly  in  the  production  of  hay  that  is 
requisite  for  the  best  utilization  of  the  associated  grazing  lands. 

The  public  domain  in  Nevada  is  all  arid  grazing  land,  except  the  absolute 
desert,  which  has  no  known  agricultural  use. 

All  the  usablH  part  is  now  fully  occupied  and  employed  as  ojien  range  by 
tacit  permission  of  the  Federal  Government, 

Free,  open-range  grazing  leads  to  (1)  nomadism,  (2)  overstocking,  (3) 
cumulative  range  deterioration,  (4)  soil  erosion,  and  (5)  final  complete  destruc- 
tion of  the  grazing  resources,  to  say  nothing  of  continual  friction  among  the 
users.  Nomadism  tends  to  disorganize  the  business  of  permanent  settlers, 
and  eventually  to  drive  them  away. 

These  tirid  grazing  lands  are  capable  of  greater  or  less  improvement  under 
better  managei-ial  practices  than  can  be  applied  on  open,  uncontrolled  ranges. 

Operation  of  these  lands  in  separate  units  under  proper  restrictions,  by  indi- 
viduals, or  small  groups  is  the  best  method  known. 

Operators  can  not  aftord  to  apply  the  knov^ni  practices  that  bring  about 
improvement  unless  they  can  be  guaranteed  the  resulting  rewards  of  their 
efforts. 

The  right  of  any  State  to  exei'cise  police  control  over  citizens  on  tlie  public 
domain  within  the  State  is  recognized  by  the  Sui)reme  Court  of  the  United 
States. 

The  right  to  graze  on  the  public  domain  has  been  recognized  by  the  courts 
and  is  considered  a  property  right. 

This  stud}^  has  shown  that  active  livestock  producers  in  Nevada 
are  warranted,  on  some  or  all  of  the  following  grounds,  in  believing 
that  their  interests  should  be  carefully  considered  in  any  adjust- 
ments that  may  be  made :  They  own  the  lands  and  control  the  irriga- 
tion waters  that  are  the  keys  to  the  use  of  practically  all  the  grazing 
lands,  they  hold  nearly  all  the  grazing  preferences  in  the  national 
forests  of  their  State,  they  have  most  of  the  possessory  rights  on  the 
public  domain,  they  hold  most  of  the  stock-water  allotments  made 
under  the  laws  of  the  State,  and  they  lease  nearly  all  of  the  usable 
railroad  grant  lands.  This  domination  of  the  grazing  resources  of 
the  State  is  the  result  of  years  of  development  and  the  gradual 
acquisition  of  the  various  rights  and  privileges  mentioned.  The 
existing  stockmen  have  built  up  and  now  operate  the  second  largest 
business  in  the  State,  and  they  pay  more  taxes  than  any  other  in- 
dustry in  the  State  except  the  railroads. 

An  obvious  desideratum  in  carrying  out  any  plan  is  the  sym- 
pathetic cooperation  of  the  people  concerned.  In  order  that  the 
next  step  in  advance  may  be  taken,  the  present  status  of  develop- 
ment of  the  business  must  be  clearly  understood  and  should  not  be 
suddenly  and  drastically  modified.     So  far  as  possible  such  modi- 
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fications  as  may  appear  desirable  in  the  public  interest  should  be 
worked  out  gradually. 

Nevada  stockmen  are  confirmed  in  the  belief  that  the  range  lands 
of  by  far  the  greatest  part  of  their  State  can  never  be  used  as  any- 
thing but  ojjen  ranges.  They  may  be  correct ;  nothing  else  has  ever 
been  tried.  But  if  experience  in  other  States  having  large  areas 
of  arid  grazing  lands  is  to  be  trusted,  the  best  use  of  such  lands 
is  to  be  had  only  when  they  are  fenced.  Even  a  system  of  regulated 
grazing  on  unfenced  ranges  does  not  give  the  control  necessary  for 
the  best  practices  in  handling  cattle.  This  proved  true  in  Texas, 
where  fencing  was  compelled  by  State  authorities.  It  has  proved 
true  in  other  range  States  on  all  lands  that  operators  could  get 
fenced.  Many  stockmen  so  thoroughly  believe  in  the  advantages 
of  the  practice  that  in  order  to  be  able  to  fence  the  lands  they  use 
they  are  ready  to  lease,  buy,  or  submit  to  Federal  regulations. 

Perhaps  no  body  of  men  are  more  confirmed  in  the  idea  of  the 
desirability  of  open  ranges  than  the  sheepmen  of  the  range  States. 
Yet  the  chief  of  the  department  of  animal  husbandry,  Texas  Agri- 
cultural College,  says  that  95  per  cent  of  the  5,500,000  sheep  and 
2.9G5.000  Angora  goats  produced  in  that  State  "  are  grazed  '  loose  ' 
in  wolf-i^roof  pastures  in  the  gi-eat  permanent  ranching  area  of  south- 
western Texas."  (-5)  By  this  he  means  that  these  animals  are  in 
fenced  pastures  without  herders  and  not  handled  in  bands,  as  is 
the  common  practice.  The  pastures  are  usually  large,  often  several 
square  miles  in  extent,  and  the  fences  are  wolf  proof. 

Nobody  can  now  say  definitely,  and  no  one  will  know  until  it_  is 
tried,  whether  Nevada  stockmen  would  avail  themselves  of  the  priv- 
ilege of  fencing  if  the  opportunity  were  offered. 

The  stages  in  development  of  private  range  control  in  the  United 
States  have  been  somewhat  as  follows:  (1)  Open,  free  range;  (2) 
open  range  limited  to  operatoi's  who  conti'ol  water;  (;')  open  range 
region  subdivided  into  large  areas  by  drift  fences,  natural  barriers, 
railroad  rights  of  way,  etc.;  (4)  "drift  and  railroad  fences  and 
natural  barriers  so  used  as  to  produce  a  few  large  inclosed  individual 
ranches;  (5)  State,  railroad,  and  other  grant  lands,  in  large  bodies, 
fenced;  (6)  consolidation  into  private  fenced,  subdivided  holdings, 
by  any  method  applicable  in  the  region.  These  steps  have  been 
taken  slowly  or  rapidly  by  stockmen,  individually  and  collectively, 
and  regiona'llv  as  they  have  believed  they  might  profit  by  the  change. 
It  is  not  imiirobable*  that  such  tendencies  would  emerge  in  Nevada 
if  and  when  a  greater  degree  of  control  of  the  open  range  results 
in  range  iin|)i-()V(Mnent. 

If  one  is  to  believe  the  ojnnions  expressed  by  some  of  these  men 
to  the  Staiifield  committee  and  to  the  present  investigators,  as  reit- 
erated in  the  official  organ  of  the  State  Stockgrowers  Association 
and  as  implied  in  Dan  Casement's  report  to  the  Secretary  of  Agri- 
culture, the  attitude  of  these  same  men  is  unsympathetic  toward  any 
of  the  pro|)osals  mentioned  above  (p.  44). 

Apparently  most  Nevada  stockmen  are  not  in  favor  of  leasing  the 
public  domain,  even  n<  the  low  rates  of  rental  that  prevail  for  rail- 
road grant  lands.  They  say  they  can  not  afford  even  this  sniiill 
chai-ge,  since  the  jjroduction  of  feed  on  the  lands  will  not  warrant  it. 
Hence  a  leasing  system   would   get   little  support.     A   few   would 
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probably  purchase  some  of  the  public  domain  if  it  could  be  acquired 
at  a  reasonable  price  and  on  convenient  terms  of  payment,  but  many 
claim  that  the  use  value  of  the  public  domain  has  already  been  fully 
capitalized  in  the  value  of  associated  privately  owned  land.  If  the 
land  should  be  offered  to  them  as  an  unconditional  gift,  many  would 
hesitate  to  accept  it  on  account  of  the  taxes.  Most  of  them,  at  least 
those  who  express  themselves  most  freely,  would  prefer  not  to  be 
subjected  to  any  regulatory  authority  that  might  impose  restrictions 
for  reasons  other  than  those  determined  by  what  the  operators  con- 
sider the  best  interests  of  their  business. 

A  reasonably  definite  statement  of  w  hat  they  believe  to  be  desirable 
is  rather  hard  to  make.  Expressed  in  general  terms,  many  of  them 
think  that  legislation  is  needed  which  w^ill  give  them  legal  right  to 
the  privilege  they  now  exercise,  and  this  change  from  a  poorly  de- 
fined privilege  to  a  legally  defensible  right  would  have  to  come 
without  any  large  additional  cost  or  they  would  prefer  to  have 
conditions  remain  as  they  are. 

The  Legislature  of  Nevada  has  tried  several  times  to  pass  laws 
that  would  stop  some  of  tlie  worst  abuses,  particularly  the  encroach- 
ments of  "  tramp  "  sheep.  The  courts  have  done  what  they  could 
in  support  of  the  laws.  The  latest  effort,  the  3-mile  law^,  held  some 
promise  but  has  not  helped  much  yet.  The  law  passed  by  Colorado 
in  1929  which  attempts  to  restrict  the  use  of  certain  areas  of  the 
public  domain  of  that  State  to  cattle  or  sheep  or  for  seasonal  graz- 
ing has  not  yet  been  tried  sufficiently  to  warrant  passing  it  in 
Nevada.  The  law  passed  by  Montana  authorizing  leasing  in  a  lim- 
ited area  would  not  appeal  to  Nevada  stockmen.  At  best,  all  such 
attempts  are  indirect  and  only  partially  effective  and  are  subject  to 
change  by  any  act  Congress  may  pass. 

It  is  reasonably  evident  that  any  plan  that  would  attempt  to  divide 
the  public  domain  into  units  having  productive  capacity  equivalent 
to  the  original  160-acre  homestead  and  offer  to  give  such  units  to 
applicants  as  homesteads  have  been  given  in  the  past  would  com- 
pletely disrupt  the  business  as  now  organized.  These  proposed  units, 
composed  entirely  of  public  domain,  would  lack  stock  water  and  hay 
land.  The  privately  owned  lands  and  water  rights,  although  capable 
of  some  independent  use  in  most  instances,  would  automatically  lose 
in  output  because  of  the  loss  of  the  feed  now  obtained  on  the  asso- 
ciated public  domain.  The  proposed  units  cut  out  of  public  domain 
would  not  be  economic  units.  The  plan  would  induce  inexperienced 
!  j  men  to  try  the  impossible,  and  at  the  same  time  would  set  up  the 
machinery  whereby  capable  stockmen  would  be  either  forced  out  of 
business  at  great  loss,  or  compelled  to  overcapitalize  in  order  to 
retain  a  hold  on  the  economic  units  they  now  use. 

In  any  case  it  seems  clear  that  any  plan  for  leasing  or  sale  that 
might  be  developed  should  be  carefully  devised  so  as  to  give  due 
recognition  to  existing  possessory  rights  in  so  far  as  this  is  com- 
patible with  the  public  interest,  and  particularly  to  protect  the 
numerous  small  operators  who  have  limited  capital  and  only  a  few 
stock  but  whose  possessory  rights  rest  on  the  same  foundation  as 
those  of  their  financially  more  powerful  neighbors.  Without  such 
safeguards  the  business  is  bound  to  be  more  or  less  disrupted  if 
any  major  change  of  policy  is  made,  and  some  men  will  profit 
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at  other  men's  expense.  Tlie  present  oiganiziition  in  any  locality 
represents  a  delicately  balanced  condition  of  the  factors  of  physical 
productivity,  available  capital,  business  judgment,  and  perseverance 
that  can  not  be  disturbed  without  very  undesirable  consequences, 
both  for  individuals  and  society. 

The  repeal  of  the  homestead  laws  has  been  suggested  as  a  desirable 
policy.  Specific  recommendation  of  the  repeal  of  the  stock-raising 
homestead  law  has  been  made  for  several  years  by  the  Connnissioner 
of  the  General  Land  Office  in  his  annual  reports.  It  is  recognized 
by  students  of  land  policies  that  the  general  effect  of  the  homestead 
policy  has  always  been  more  or  less  unsatisfactory  in  several  ways, 
even  in  those  areas  to  which  it  was  best  adapted.  That  it  was 
never  adjusted  to  conditions  in  Nevada  is  shown  by  the  large  pro- 
portion of  the  State  that  is  still  public  domain  after  nearly  60  years' 
operation  of  laws  that  were  designed  to  transfer  the  land  to  private 
owners.  Less  than  4,500,000  of  the  70,000,000  acres  that  constitute 
the  land  area  of  the  State  are  owned  by  private  individuals,  and  of 
that  area  about  2,700,000  acres  are  lands  that  were  given  to  the 
State  for  its  school  fund.  Only  about  2i/2  per  cent  of  the  total 
land  area  has  been  transferred  to  private  individuals  in  that  long 
period  through  the  operation  of  the  homestead  laws,  though  many 
of  the  large  stockmen  would  at  one  time  probably  have  been  glad 
to  obtain  complete  possession  of  the  land  they  used  if  it  could  have 
been  done  at  a  reasonable  expense. 

In  the  area  loosely  referred  to  as  the  northeast  corner  of  the 
State  there  is  a  separate  problem  needing  careful  attention.  Some 
of  the  lands  of  that  area  and  their  associated  irrigation  waters  could 
probably  be  so  used  as  to  produce  all  the  required  hay  and  much  be- 
sides. Such  irrigable  lands  and  their  waters,  now  used  more  or  less 
inefficiently  (Table  3),  constitute  one  of  the  principal  natural  re- 
sources of  the  State,  and  the  best  interests  of  the  people  of  the 
State  will  be  served  only  when  these  resources  are  used  at  tlieir  high- 
est efficiency.  This  condition  is  found  in  only  a  small  2)art  of  Nevada 
and  is  most  evident  in  the  upper  Humboldt  Valley.  This  <)i)iiii()ii 
is  in  agreement  with  that  of  Romanzo  Adams,  who  pointed  out 
nearly  14  years  ago  (/)  that  the  inefficient  utilization  of  the  best 
irrigable  laud  and  the  limited  supply  of  water  had  led  to  social 
conditions  less  desirable  than  would  exist  under  a  system  of  moi'c 
mnnerous  occupiers  operating  on  a  smaller  scale. 

Some  of  the  leading  men  of  the  State  now  recognize  that  any  plan 
of  reorganization,  to  be  of  advantage  to  Nevada  as  a  M'hole,  should 
anticipate  an  increase  of  total  production  fi"om  tlie  area  involved 
without  an  un(hie  enhancement  of  costs  ami  should  result  in  a  denser 
l)oj)ulation  made  up  of  resident  operators.  This  problem  of  reor- 
ganization is  a  complex  and  very  difficult  one  that  Avould  need  to  be 
Avorked  out  giadually.  To  bring  about  IIk^  nioic  efficient  utilization 
of  the  iri'igation  water  and  the  in"ig:il>lc  hinds  would  probably  in- 
volve imi)ounding  the  water  and  building  lietter  distributing  and 
drainage  systems,  as  well  as  the  subdivision  of  the  land  into  smaller 
units,  at  least  pai-t  of  which  would  be  used  to  raise  other  crops  than 
hay  and  stock   feed. 

Such  a.  reoi-ganization,  if  properly  financed  and  managed,  would 
make  possible  the  breaking  up  of  some  of  th<>  lai-gei-  jiroperties  the 
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present  owners  of  which  are  not  interested  in  ranching,  and  at  the 
same  time  allow  the  land  and  water  to  be  more  intensively  used. 
Some  of  the  larger  properties  are  no  longer  profitable.  Others  have 
been  subdivided  but  the  subdivision  as  made  has  not  resulted  in  the 
type  of  reorganization  that  leads  to  a  more  intensive  use  of  the 
available  irrigable  land. 

In  any  proposed  change  in  the  economic  organization  of  such  an 
area  provision  should  be  made  for  employing  as  nmch  of  the  irri- 
gated area  as  may  be  required  to  produce  the  winter  feed  comple- 
mentary to  the  surrounding  range  forage,  the  remainder  being  made 
available  for  other  uses. 

Sucli  a  program  should  ultimately  result  in  better  utilization  and 
conservation  of  the  irrigation  water  and  irrigable  lantl,  as  well  as 
of  the  range  lands ;  it  should  increase  the  total  quantity  of  crops  and 
livestock  and  permit  the  maintenance  of  a  larger  resident  population 
of  self-supporting  owners. 

In  certain  parts  of  the  United  States  broad  national  interests  have 
led  to  the  establishment  of  national  forests.  The  two  principal 
objects  of  this  national  policy  are  (1)  timber  production  and  (2) 
water  conservation.*^  Range  grazing,  recreation,  and  wild-life  pres- 
ervation in  national  forests,  although  desirable,  are  by-products  of 
the  major  purposes  for  which  the  areas  were  set  aside,  and  must 
always  be  treated  as  such.  It  follows  that  range  grazing  on  national 
forests  is  always  to  be  considered  as  a  privilege  to  the  grazer,  to  be 
limited  or  curtailed  at  any  time  for  reasons  arising  from  the  other 
proper  uses  of  the  particular  forest.  If  there  be  other  timbered  areas 
on  the  public  domain  not  now  within  the  boundai'ies  of  the  national 
forests  of  Nevada,  or  if  there  be  w^ater-catchment  areas  the  control 
of  wdiich  is  of  national  rather  than  local  importance,  such  areas 
should  be  set  aside  for  these  national  purposes  before  any  disposal 
is  made  of  the  public  domain  of  which  they  are  now  a  part. 

Tlie  proper  policy  for  other  parts  of  the  public  domain  can  be 
determined  only  by  an  intensive  study  of  existing  conditions  in  each. 
There  are  some  parts  of  the  public  domain  that  should  be  retained 
in  public  ownershij)  because  they  are  adapted  to  growing  timber, 
and  other  areas  are  of  public  significance  because  they  are  suitable  for 
national  parks  and  monuments  or  the  serving  of  other  public  inter- 
ests. There  is  also  a  large,  though  vaguely  defined,  area  in  w^hich 
the  conservation  of  water  and  the  protection  of  watersheds  are 
mattei*s  of  national  concern. 

As  in  Nevada,  there  are  ])arts  of  the  public  domain  in  other  States 
w^here  existing  possessory  rights,  in  their  complex  interrelation  Avith 
private  lands,  water  rights.  State  lands,  and  various  national  reser- 
vations, should  be  considered  carefully  in  any  adjustment  provided. 
It  may  be  learned,  after  careful  study,  that  the  best  adjustment  is  a 
regional  one  that  does  not  conform  even  to  State  boundaries. 

**  By  water  oonsprvation  is  mpjint  the  rp.milation  of  thp  whole  train  of  plienoniPiia 
which  commpiicos  with  the  fall  of  the  water,  as  rain  or  snow,  upon  a  catchment  area,  its 
proper  protection  and  storase.  its  properly  regulated  flow  to  lower  levels  with  the 
maxiinnm  develoianent  of  power  and  the  minimum  of  damage  as  an  erosive  agent,  and  its 
final  use  for  irrigation  and  municipal  water  supplies. 
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